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Abstract – 4G is one of the most important wireless 

technology that enhances our personal environment, either 

work or private, by means of networking or a variety of 

personal and wearable devices within the space and with the 

outside world. It refers to the fourth generation of wireless 

standards. 4G includes several types of broadband wireless 

access communication systems. 4G seems to be the solution 

for growing necessity of requirements of wireless 

communication. This paper represents an overall view of the 

4G features, advantages, applications and integration of 

mobile communication. It is a collection of wireless networks. 

Its high rate and high accuracy has increased its use and the 

evolution. 4G systems are become a platform of providing 

increased bandwidth and more secure applications. This 

paper also reviews about the uses of 4G in different network 

architectures. It has become an emerging technology in 

GSM(Global System for Mobile Communications), wireless 

LAN (Local Area Network) and in Bluetooth. It is a scalable 

wireless platform for constructing alternative and 

complementary broadband networks.  
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I. INTRODUCTION 
 

Wireless is a unique technology. Despite being over a 

century old, it continues to improve at an ever increasing 

rate. Yet all the past, present and future improvements 

stem from one underlying process, it can transfer large 

videos and audio files within seconds. A 4G system, in 

addition to the usual voice and other services of 3G, 

provides mobile broadband internet access, for example to 

laptops with wireless modems, to smartphones, and to 

other mobile devices. Potential and current applications 

include amended mobile web access, IP(Internet Protocol) 

telephony, gaming services, high-definition mobile TV, 

3D television, and cloud computing. Two 4G systems are 

deployed: the Mobile WiMAX standard, and the first-

release Long Term Evolution (LTE) standard. In the 

United States, Sprint has deployed Mobile WiMAX 

networks since 2008, while MetroPCS became the first 

operator to offer LTE service in 2010. 3G and 4G 

equipment made for other continents are not always 

compatible, because of different frequency bands. As 

opposed to earlier generations, a 4G system does not 

support traditional circuit-switched telephony service, but 

all Internet Protocol (IP) based communication such as IP 

telephony. New mobile generations have appeared about 

every ten years since the first move from 1981 analogue 

(1G) to digital (2G) transmission in 1992. This was 

followed, in 2001, by 3G multi-media supports, spread 

spectrum transmission and at least 200 Kbit/s peak bit rate, 

in 2011/2012 to be followed by “real” 4G, which refers to 

all- Internet Protocol (IP) packet-switched networks.   

 

II. LITERATURE SURVEY 
 

Kappler et.al, 1996 [1] proposed a model in which he 

implements the different types of terminals based on size, 

weight, power consumption, etc. to access networks like 

Wi-Fi, Wi-MAX etc. Xiaodong Wang et.al,1999 [2] 

proposed that OFDM has become practical as an efficient 

modulation scheme for applications ranging from 

modems, high speed wireless communications. Suk Yu 

Hui et.al, 2002[3] proposed a model that 4G supports 

comprehensive and personalized services, providing stable 

system performance and quality service in wireless 

technologies including Bluetooth.Kibria and M.R. 

Mirchandani et.al, 2004 [4] proposed a model that the 

introduction of 4G/3G wireless network will serve as 

mobile subscribers under dynamic network conditions 

between mobility and resource sharing schemes. J. 

Ibrahim et.al, 2006 [5] proposed that CR (Cognitive 

Radio) are useful for the internal optimization of the 

networks, which are essential for solving the spectrum 

resource scarcity problem with the 3G telecommunication 

networks and to enable for true communication 

environment where cognitive pilot channel will be 

implemented for optimal sharing of the spectrum. Ahmet 

Akan et.al, 2008 [6] proposed that devices that are not IP 

address based are generally used for services such as 

VoIP. Leo Yi et.al, 2010 [7] proposed that 4G networks 

will continue to expand their scope and promote their own 

brand of personalization for consumers that seek these 

type of services. D. Tripper et.al, 2012 [8] proposed that 

4G networks  and LTE resemble each other in some 

aspects like spectrum bands, high capacity, and strong 

Quality of Service (QoS) mechanisms. 

 

III. 4G TECHNOLOGY STANDARDS 
 

A. IMT-2000 4G Standards 
IMT-2000 is a family of radio access technologies using 

IMT- Advanced requirements. It relates to 4G as IMT-

2000 relates to 3G IMT spectrum will be available to both 

IMT-2000 and IMT-Advanced. The timeline for IMT-

Advanced is shown in Fig.1. In this figure, the features of 

IMT-2000 and IMT-Advanced are marked. Spectrum 

implementation, system deployment and integration with 

other radio systems offer the best evolution to IMT-2000. 

Vision, requirements, enhancement, spectrum 

implementation and spectrum deployment also leads to the 

evolution of IMT-Advanced standards. IMT-Advanced 

systems support low to high mobility applications and a 

wide range of data rates in accordance with user and 

service demands in multiple user environments. It has the 

capability of interworking with other radio access systems. 

mailto:shikhar08bahl@gmail.com


 

 

 

Copyright © 2015 IJECCE, All right reserved 

448 

International Journal of Electronics Communication and Computer Engineering 

Volume 6, Issue 4, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209 

 

It is capable of enhancing the peak data rates to support 

services and applications (100 Mbit/s for high and 1 Gbit/s 

for low mobility). The worldwide roaming capability and 

wide range of services offers flexibility. 

 
Fig.1. Timeline for IMT Advanced. 

 

B.  LTE-Advanced 4G Standard 
This standard is under study in 3GPP (3rd Generation 

Partnership Project) aiming toward IMT-Advanced within 

WP5D timeline. Its formal name is Advanced E-UTRA/ 

Advanced E-UTRAN. It was formally submitted as a 4G 

system to ITU-T in late 2009 as meeting the requirements 

of the IMT-Advanced standard, and was standardized by 

the 3rd generation partnership project in March 2011 as 

3GPP release to transmit between different cells is shown 

in Fig.2.The work by 3GPP to define a 4G candidate radio 

interface technology started in release 9 with the study 

phase for LTE-Advanced. It is cost efficient and support 

for backward and forward compatibility between LTE and 

LTE-Advanced. 

 
Fig.2. LTE Advanced Standard. 

 

IV. WORKING PRINCIPLE OF 4G (HOW IT 

WORKS) 
 

Each “G” or generation of technology has been quicker 

speeds and improvements in performance. 4G provides 

quicker download and upload speeds on 4G mobile device, 

so we will have a more in-depth and richer online 

experience. 4G works by providing quicker data download 

speeds. This allows us to do more on the go like stream 

high definition video and audio without buffering and wait 

times. 

As shown in Fig.3, a base transceiver station (BTS) 

coverage facilitates wireless communication between user 

equipment and a network. Through this coverage, people 

are communicating between themselves. User equipments 

are devices like mobile phones, WLL phones, computers 

with wireless internet connectivity. The network can be 

that of any of the wireless communication technologies 

like GSM, CDMA, wireless local loop, or other wide area 

network (WAN) technology. 4G is being developed to 

accommodate the quality of service and rate requirements 

set by forthcoming applications like wireless broadband 

access. In wireless networks, Quality of Service (QoS) 

refers to the measure of the performance for a system 

reflecting its transmission quality and service availability. 

4G is expected to have atleast a reliability of 99.99% [1]. 

 
Fig.3. Working Principle of 4G. 

 

V. TECHNOLOGIES USED IN 4G 
 

A. OFDM (Orthogonal Frequency Division 

Multiplexing) 
OFDM is a method of encoding digital data on multiple 

carrier frequencies. It has developed into a popular scheme 

for wideband digital communication, used in applications 

such as digital television and audio broadcasting, wireless 

networks, power line networks, and 4G mobile 

communications. This scheme is used as a digital multi-

carrier modulation method. A large number of closely 

spaced orthogonal sub-carrier signals are used to carry 

data on several parallel data streams or channels. Each 

sub-carrier is modulated with a conventional modulation 

scheme at a low symbol rate, maintaining total data rates 

similar to conventional single-carrier modulation schemes 

in the same bandwidth [2].  

The primary advantage of OFDM over single-carrier 

schemes is its ability to cope with severe channel 

conditions without complex equalization filters. This 

mechanism also facilitates the design of single frequency 

networks (SFNs), where several adjacent transmitters send 

the same signal simultaneously at the same frequency is 

shown in Fig.4.  

 
Fig.4. Orthogonal Frequency Division Multiplexing. 
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This type of multiplexing can easily adapt to severe 

channel conditions without complex time-domain 

equalization. It can robust against narrow-band co-channel 

interference and can also robust against intersymbol-

interference (ISI). 

B. UWB (Ultra-Wideband) 
Ultra-wideband is a radio technology which may be 

used at a very low energy level for short-range, high-

bandwidth communications using a large portion of the 

radio spectrum. UWB has traditional applications in non-

cooperative radar imaging. Most recent applications target 

sensor data collection, precision locating and tracking 

applications. It is a technology for transmitting 

information spread over a large bandwidth (>500 MHz). 

Pulse-based UWB radars and imaging systems tend to use 

low repetition rates (typically in the range of 1 to 100 

mega pulses per second), thus enabling short-range 

gigabit-per-second communications systems [3]. 

UWB/ wireless USB dongle is transmitting signal to 

USB 4-port HUB through devices such as printer, mouse 

and digital camera is shown in Fig.5.Ultra wideband 

broadcasts digital pulses that are timed very precisely on a 

carrier signal across a very wide spectrum (number of 

frequency channels) at the same time. Transmitter and 

receiver must be coordinated to send and receive pulses 

with an accuracy of trillionths of a second. On any given 

frequency band that may already be in use, the ultra-

wideband signal has less power than the normal and 

anticipated background noise so, theoretically no 

interference is possible 

 
Fig.5. Ultra-Wideband (UWB). 

 

VI. ADVANTAGES OF 4G TECHNOLOGY 
 

A. IP Based Mobile System 
It supports all IP based mobile system that is designed to 

allow mobile device users to move from one network to  

 
Fig.6. IP based Mobile Devices. 

another while maintaing a permanent IP address, web GIS 

(Geographic Information) and LBS (Location Based 

Services) is shown in Fig.6. In many applications (e.g., 

VPN, VoIP), sudden changes in network connectivity and 

IP address can cause problems. The PC is connected to 

radio working through Wi-Fi via HUB. 

B. High Speed, High Capacity, and Low Cost-Per-Bit 
4G allows high speed, high capacity and low cost-per-

bit in mobile devices. It also includes mobile web access, 

IP telephony, video conferencing and cloud computing. 

C. Ad-hoc and Multi-Hop Networks 
4G employs Ad-hoc and mobile multi-hop Ad-hoc 

networks which are a collection of mobile nodes 

connected together over a wireless medium. The nodes can 

freely and dynamically self-organize into arbitrary and 

temporary, “ad-hoc” network topologies. Single-hop ad 

hoc networks just interconnect devices that are within the 

same transmission range is shown in Fig.7. 

The nodes within the transmission range are connected 

to mobile devices and computers from source to the 

destination within the same transmission range. The 

mobile ad-hoc networks enhance the flexibility of the 

communication and roaming. Wireless mobile ad hoc 

networks are self-configuring, dynamic networks in which 

nodes are free to move [4]. Multi-hop networks 

communicate with each other wirelessly by using radio 

signals. 

 
Fig.7. Representation of Ad-hoc Networks. 

 

D. Better Spectral Efficiency 
4G employs better spectral efficiency or bandwidth 

efficiency which refers to the information rate that can be 

transmitted over a given bandwidth in a specific 

communication system. 

It is a measure of how efficiently a limited frequency 

spectrum is utilized by the physical layer protocol, and 

sometimes by the media access control. 

 

VII. APPLICATIONS OF 4G TECHNOLOGY 
 

A. Multiparty Conferencing 
4G wireless systems are composed of coexisting and 

cooperating legacy and new networks. They have several 

attractive characteristics and are gaining more and more 

momentum. Multimedia conferencing is the basis of a 

wealth of applications, including video conferences, 

multiparty games, and distance learning is shown in Fig. 8. 

http://whatis.techtarget.com/definition/noise
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Fig.8. Representation of Video Conferencing. 

 

B. Resource Sharing 
4G wireless systems are responsible for allocation of 

resources. The dramatic increase in wireless data traffic 

challenges cellular network operators to increase wireless 

access and system capacity, and to reduce costs of 

deploying and operating the network infrastructure [5]. 

The sharing entity enables dynamic creation, modification 

and termination of resource sharing agreements is shown 

in Fig. 9. 

 
Fig.9. Presentation of Sharing of Networks. 

 

C. Games 
4G wireless technology employs a collection of games 

in mobile devices android users and IOS users. These type 

of wireless carriers are rolling out faster, next-generation 

wireless networks. 4G LTE networks produce data 

throughput that is ten times faster than 3G. 

 

VIII. CHALLENGES FACED BY 4G 

TECHNOLOGY 
 

A. LTE Spectrum Bands Fragmentation 
The biggest challenge faced by 4G technology is its 

LTE spectrum bands. In Singapore, there is already a 

minor fragmentation in the frequency bands supported; 

both Sing Tel and M1 have stated their LTE networks 

operate on the 1800MHz and 2600MHz frequency bands. 

A lower spectrum band (e.g. 1800MHz) provides better 

indoor signal strength whereas a higher spectrum band 

(e.g. 2600MHz) are best suited for covering densely 

populated areas is shown in Fig.10. 

The availability of spectrum in different countries and 

regions is fragmenting the 4G wireless standard 

internationally, according to Informa Telecoms. The 

company found distinct regional bands are emerging for 

LTE, which is posing a challenge for manufactures 

looking at which bands to support in their devices [6].  

For example, the 700MHz band, which is popular in the 

U.S., will only adopted by a handful of operators outside 

the Americas. The 1900MHz band is most likely to be 

confined to the U.S. and Argentina, while the 1500MHz 

band will be limited to Japan. 

 
Fig.10. 4G LTE Coverage 

 

B. 4G Global Roaming 
The second biggest challenge faced by 4G is global 

roaming. Due to the lack of LTE spectrum bands across 

different countries, it is almost impossible within the near 

future to support LTE global roaming [7].  

To use a LTE device for data roaming, it is useful that 

the device needs to support at least 15 bands is shown in 

Fig.11. 

 
Fig.11. True 4G Global Roaming. 

 

C. Building Converged Network 
Another biggest challenge faced by operators in 4G is 

building of new network. The transition to 4G network 

will require new radio access technology and core network 

expansion, while maintaining existing 2G/3G networks 

alongside the new 4G network will result in additional 

burden on telecommunication [8].  

 
Fig.12. Representation of Building of Networks. 
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For example, Star Hub provides its high speed mobile 

broadband network with long term evolution and Dual 

Cell High-Speed Packet Access Plus (DC-HSPA+), which 

improved peak downlink speeds of up to 75 Mbit/s and 42 

Mbit/s respectively is shown in Fig.12. 

 

IX. COMPARISON TABLE 
 

The comparison table between 3G and 4G is given in 

Table I. 

Table I: Comparison between 3G and 4G 

Attribute 3G 4G 

Frequency 

band 
1.6-2.5 GHz 2-8 GHz 

Component 

Design 
Optimized antenna 

Smart 

Antennas 

Bandwidth 5-20 MHz 100 plus MHz 

Data Rate 385kbps- 2Mbps 20-100 Mbps 

Access WCDMA/CDMA2000 
MC-CDMA 

or OFDM 

Switching Circuit/Packet Packet 

Usage 

5GB/300MB off-

network roaming per 

month 

Unlimited 

 

The comparison between 3G and 4G is shown in table I. 

The frequency band of 3G lies in the range of 1.6-2.5 GHz 

whereas in 4G the frequency band lies in the range of 2-8 

GHz.  

The component design used in 3G is optimized antenna 

whereas in 4G the component design used is smart 

antennas. The bandwidth offered by 3G is in the range of 

5-20 MHz whereas in 4G it is 100 plus MHz The data rate 

provided by 3G is in the range of 385kbps-2Mbps whereas 

in 4G it lies in the range of 20-100 Mbps. 

The access provided by 3G is WCDMA/CDMA2000 

whereas in the case of 4G it is MC-CDMA or OFDM. 3G 

offers circuit or packet switching whereas in 4G the 

switching used is packet switching. The usage provided by 

3G is 5GB/300MB off-network roaming per month 

whereas in 4G it provides unlimited data. 

The following key features can be observed in all 

suggested 4G technologies: 

 Physical layer transmission techniques are basically 

given as:- 

 MIMO: To attain ultra-high spectral efficiency by 

means of spatial processing including multi-antenna and 

multi-user MIMO 

 Frequency-domain-equalization, for example multi-

carrier modulation (OFDM) in the downlink or single 

carrier frequency domain, equalization (SC-FDE) in the 

uplink: To exploit the frequency selective channel 

property without complex equalization. 

 Frequency-domain statistical multiplexing, for example 

(OFDMA) or (single-carrier FDMA) (SC-FDMA, a.k.a. 

linearly preceded OFDMA, LP-OFDMA) in the uplink. 

Variable bit rate by assigning different sub-channels to 

different users based on the channel conditions. 

 Turbo principle error-correcting codes: To minimize the 

required SNR at the reception side. 

 Channel-dependent scheduling: To use the time-varying 

channel. 

 Link adaptation: Adaptive modulation and error-

correcting codes. 

 Mobile-IP utilized for mobility. 

 IP-based femtocells (home nodes connected to fix 

Internet broadband infrastructure). 

As opposed to earlier generations, 4G systems do not 

support circuit switched telephony.  

IEEE 802.20, UMB and OFDM standards lack soft-

handover support, also known as cooperative. 

 

X. CONCLUSION 
 

In this paper, we have discussed about the 4G 

technology, its technical standards, its working principle 

how it revolutionizes the field of telecommunication 

domain bringing the wireless networks to a new level. 

The advantages and applications of 4G wireless 

technology are also discussed. The fragmentation of LTE 

bands, building coverage networks, and global roaming 

were some of the challenges faced by 4G and comparison 

table are also discussed. 

Thus, user-centric approach towards 4G’s development 

is the key to its success. 

 

REFERENCES 
 
[1] Kappler, 1996,” 4G: New Era of Wireless Technology,” IEEE 

Trans. Commun., vol. 52, no.5, pp. 1195-1203. 
[2] Xiaodong Wang, 1999,” A study on channel capacities of MC-

CDMA and OFDM communication systems,”IEEE Trans. 

Commun., vol. 11, no. 4, pp. 324- 352. 
[3] Suk Yu Hui, 2002,”Challenges in the migration to 4G mobile 

systems,” IEEE Trans. Commun., vol. 38, no. 12, pp. 78-84. 

[4] Kibria, M.R. Mirchandani 2004,”A Consolidated Architecture 
for 4G/3G Networks”, IEEE Trans. Commun., vol. 14, no. 34, 

pp. 87-95. 

[5] J. Ibrahim, 2006,”4G Features,”IEEE Trans. Commun., vol. 67, 
no. 46, pp. 244-249. 

[6] Ahmet Akan, 2008,” Path to 4G Wireless Networks”, IEEE 

Trans. Commun., vol. 45, no. 56, pp. 522-549. 
[7] Leo Yi, 2010,” A Comparative Study of WiMAX and LTE as 

the Next Generation Mobile Networks”, IEEE Trans. Commun., 

vol. 19, no. 7, pp. 98-141. 
[8] D. Tripper, 2012,” Providing Fault Tolerance Access Networks”, 

IEEE Commun. Mag., vol. 40, no. 1, pp. 58-64. 

 

AUTHOR'S PROFILE 
 

Shikhar Bahl  
is pursuing M.Tech. from Ajay Kumar Garg 
Engineering College, Ghaziabad (affiliated to Uttar 

Pradesh Technical University, Lucknow) in 

electronics and communication engineering. His 
areas of interest are Control Systems, Electronic 

Devices and Circuits and Wireless Communication. 

He completed his B.Tech from Meerut Institute of Engineering and 
Technology, Meerut (affiliated to Uttar Pradesh Technical University, 

Lucknow) in Electronics and Telecommunication Engineering with first 

class in the year 2013. During his career he had done his industrial 
training at BSNL and RRVNL. He had done his major work on project in 

filter design and its specifications in the respective branch for 

consecutive four years during his batch. 

https://en.wikipedia.org/wiki/OFDM
https://en.wikipedia.org/wiki/OFDMA


 

 

 

Copyright © 2015 IJECCE, All right reserved 

452 

International Journal of Electronics Communication and Computer Engineering 

Volume 6, Issue 4, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209 

 

Rishabh Rai  
is pursuing M.Tech (2013-15) from Ajay Kumar 

Garg Engineering College, Ghaziabad (affiliated to 

Uttar Pradesh Technical University, Lucknow) in 
VLSI Design. His areas of interest are Digital System 

Design, Embedded System Design& Wireless 

Communication, & Low Power VLSI Design. He 
completed his B.Tech from Vishveshwarya Institute of Engineering & 

Technology, Gr.Noida (affiliated to Uttar Pradesh Technical University, 

Lucknow) in Electronics and Telecommunication Engineering with 
Honours in the year 2013. During his career, he has been appreciated and 

certified for the academic performance & excellence in the respective 

branch for consecutive four years during B.Tech and Amul Vidya 
Bhushan Award for the academic performance & excellence in AISSCE-

2009, at the District Level. During his graduation, he has also been 

awarded with the Best Paper Presentation in the IEEE Sponsored 

National Conference, ETEAT-2013. He has published 11 Research, 

Technical Papers/Abstract in several National /International 

Conferences/Journals till date. He is the student member of IEEE 
(Membership Number: - 92416730). 

 

 

 


