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Abstract: |
4G wireless communication technology is fully IP based packet switched communication network which vﬂeﬁigh speed
internet access at anytime, anywhere and anyhow with seamless mobility to end-user. It iwgrated wireles§ solution for IP

based and non IP based devices. It provides 100Mbps and 1Gbps data rate respectiveli, utdoor and irfdoor environment

with high quality of service, high degree of security, affordable cost and one billing. r explores what 4G wireless
communication technology is , along with some of the aspects in order to fully fi hitecture, application,
advantages , underlying technologies , security concerns and challenges effectiv lementing 4G wireless
communication technology. o
\ -

We are living in the age of wireless technology. The use of mobile
handset has become integral part of our life. According to TRAI’S mo
subscribers in September 2015. The Compound Annual Growt A) for mobile subscription is nearly 10.2%.Figurel
gust2015. The invention of wireless mobile
tries. {Ehe vast world has become just like small village.

gig§ the 4G technology consists of all basic standard of
both of these with advanced modification and changes wi nMntric design approach. $g is generally described as
ility support, Integrated Wireless solution and Customised
personal service). IEEE ( Institute of Electrica nd e\El i ngineers, USA) officially called 4G as B3G ( Beyond 3G)
According ITU ( International Telecommunic the 4G system is capable of transmitting data with 100 Mbps
speed in mobile phones and 1Gbps in stati orks. The emergent 4G technologies such as Wi-MAX( Wireless

Interoperability for Microwave Access) and L erm Evolution), LTE Advance are stronger enough to provide high

QoS and vast coverage range tha -Fi. Bh?tl irtel launched India’s first 4 G service using TDLTE technology in Kolkota
on April 10,2012.
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THE EVOLUTION TO 4G
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The cellular networks are evolving through several generations (figure 2). The first generation (1G) wireless mobile
communication network was analog system which was used for public voice service with the speed up to 2.4kbps. The second
generation (2G) is based on digital technology and network infrastructure. As compared to the first generation, the second
generation can support text messaging. Its success and the growth of demand for online information via the internet prompted
the development of cellular wireless system with improved data connectivity, which ultimately lead to the third generation
systems (3G).

3G systems refer to the developing technology standards for the next generation of mobile communications systems. One of
the main goals of the standardization efforts of 3G is to create a universal infrastructure that is able to support existing and
future services. This requires that the infrastructure be designed so that it can evolve as technolo hanges, without
compromising the existing services on the existing networks. Separation of access technology, transpo

technology and user application from each other make this demanding requirement possible.
The 4th Generation (4G) wireless technology is considered to be an extension of 3G technology. I

3G cellular networks (i.e., OFDM, CDMA2000, WCDMA and TD_SCDMA) and Wi-Fi (i.e.

ireless

echgmogy, service
v

rate currefif existing
N) nefworks with

fixed internet to support wireless mobile internet as the same quality of service as fixed inter’. F
The evolution 1G to 4G with their important features is schematically shown in figure2 ‘Y ' 4
e Y 3
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The table 1 shows the comparison of 1G to 5 ire nologies with reference to various parameters
lel : C ison of 1G to 5G wireless technologies
Generation— <
Features) 16 2G 3G re sG
Deployment 1970 — 1980 1590 - 2001 20012010 2011 201520 onwards
Data Rates 2kbps 14 4-64kbps IMIbps 200 %E:II:: tol 1Gbps and higher
wwww Unified TP
Dagital Broadband Disital seamless
Digital Cellular Technology: Packet data: B Egb a combmation of
Analog Cellular Digital narrow band CDMA 2000 roachanc broadband
Technology T ;i - : Packet data:
echnology circuit data EWVDO Willax LTE LAN
Packet data UNTS Wi-Fi PAN
EDGE b WLAN
TWILATN
Enhanced andio video D .
streaming Enhanced I f}nanu_c
Amnalog voice Digital voice with higher clarity wvideo conferencing audio, video o ao;r;z;_lon
Service service SMS, MMS support streaming W, b1 d} -
No data service Higher capacity packetized data Web browsing at IP telephony eara_ﬂfAle'\-mes
higher speeds HD mobile TV Ca‘“abi]ities
IPTV support 2P
hiultiplexing J J J J
Switching FDMLA CDMA CDMLA CDMLA
Core Network PSTIN Packet N/W Intemet Intemet
Simgle unified
MTS INMT-2000 . -
Standards AMTS 3.5G-HSDPA standard S“;i;‘;?rge d
INMTS 3. 73G:HEUPA WANLAT
WEB Standard v IPwvd) wwrw (IPvd) e (IPwE)
Handoff Horizontal only Horizontal only Horizontal & Wertical HU{}:I:;?;II & Ho\rr}:rc'glct:ll &
Low capacity, Digital signals were reliant on
Short Fall Unreliable handoff, location & proximity, required NEE}itO accoL _ kd.ate Bei deploved Yet to be
ortiats Poor woice links, Less strong digital signals to help gil:r 2:1:"_01' smg deploye mmplemented
secure mobile phones P Y

2|Page



Novateur Publication’s

International Journal of Innovation in Engineering, Research and Technology [JIERT]
ICITDCEME’15 Conference Proceedings

ISSN No - 2394-3696

OBJECTIVES AND APPROACHES OF 4G
4G is being developed to accommodate the quality of service (QoS) and rate, requirements set by forthcoming applications
like wireless broadband access, Multimedia Messaging Service, video chat, mobile TV, High definition TV content, Digital
Video Broadcasting (DVB), minimal service like voice and data, and other streaming services for anytime-anywhere". The4G
working group has defined the following as objectives of the 4G wireless communication standard: A spectrally efficient
system (in bits/s/Hz and bits/s/Hz/site) High network capacity: more simultaneous users per cell_ A nominal data rate of 100
Mbit/s while the client physically move sat high speeds relative to the station, and 1 Gbit/s while client and Station are in
relatively fixed positions as defined by the ITU-R._ A data rate of at least 100 Mbit/s between any two points in the world
_ Smooth handover_ across heterogeneous networks ‘
_ Seamless connectivity and global roaming across multiple networks

_ High quality of service for next generation multimedia support (real-time audio, high speed M content,
mobile TV, etc.)_ Interoperability with existing wireless standards, and all IP, packet switched netw%

l
REASONS TO HAVE 4G & \ &
One of the major reason of 3G being unable to repeat the success story of 2G was provision of only few itional services
over 2G.It was not encouraging enough for the customers to change their equipment’s. Mser ¢ approach for the design of

4G to avoid mismatch between user’s expectations and services provided by 4G.The i nt

the end user‘s expectations are as follows:

1. Support interactive multimedia services: teleconferencing, wireless Internet eN\
2. The applications developed to avail the services are highly user friendly

3. By configuring the operational mode of their devices, the user can hayv ibi itywltevr the data and services as per his
preferences.

4. Wider bandwidths, higher down load speeds of about 1Gbps in
greater than 3Gwireless network

5. Multiple standards of 3G restrict the user’s mobility and i

N and ws in WAN which is about 250 times

different networks. 4G targets at providing a

7. Global mobility and service portability.

8. Low cost.-4G not require to develop comple

much cheaper than the 3G

9. Scalability of mobile networks i.e. the a andle the increasing number of users and services.4G uses IPv6 addressing
ices eliminating the need for Network Address Translation (NAT)

3

scheme which will support large number of

10. Lower power consumption as c are t%

11. TV, internet, phone, radio, h V1roéent sensors all reachable through one device | the cell phone.

12. High bandwidth and bette W which is 10 times better than 3G.

13. Less time required to syste ‘t uses the same tower and optical fiber cable as 3G.They only have to upgrade the

3G tower with 4G com

4G NETWORK (ELEMENTS OF THE LTE SYSTEM)

¢h E-UTRAN (e Node B)
ects under the term System Architecture Evolution (SAE)
TE & SAE is called Evolved Packet System (EPS)

At a high level a twork is composed of

1. Access network comprised of E-UTRAN

2. Core Network called Evolved Packet Core (EPC)

3. UE - User Equipment used to connect to the EPS (Evolved Packet System). This is an LTE capable UE
4. The LTE network is comprised of Access Network and Core Network.

Fig.3 shows the LTE network elements.
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ACCESS NETWORK:
ENB (e Node B) — The evolved RAN consists of single node, the e Node B that interfaces with UE. The e Node B hosts the
PHY, MAC, RLC & RRC layers. It handles radio resource management & scheduling.

CORE NETWORK (EVOLVED PACKET CORE-EPC)
MME (Mobility Management Entity) — Performs paging, chooses the SGW during UE attach
S-GW (Serving Gateway) — routes & and forwards user data packets
=  P-GW (Packet Gateway) — provides connectivity between the UE and the external packet networks.

—p ! ! Vv N
R Ao | N )
l eNodeB ; i \‘ \ v’
< | 1 . s
! ! / ) 4
i HS.A(?, SGSN E ar : HLRIHES. ' '
é& WPS E i N ‘
Node RNC | I
W HEPA @ < | I
@“v s ¥
I 1
Radio Access Network | EvolvedPacketCore (EPC) 1 mssinternet
Figure3:LTE Network v \
WIRELESS TECHNOLOGIES USED IN 4G v
OFDM /OFDMA
Q
MILLIMETER WIRELES
SMART ANTENNAS v
MIMO
SDR
IPv6 Support \
ORTHOGONAL FREQUENCY DIVISI EXING (OFDM)
OFDM, a form of multicarrier m i s by dividing the data stream for transmission at a bandwidth B into N
multiple and parallel bit streams ach of the parallel bit streams has a much lower bit rate than the original
bit stream, but their summation can provide very high data rates. An OFDM transmitter accepts data from an IP network,
converting and encoding t odulation. An IFFT (Inverse Fast Fourier Transform) transforms the OFDM signal
into an IF analog signal,.w t to RFetrans-receiver. The receiver circuit reconstructs the data by reversing this process.
With Orthogonal su i iver can separate and process each sub carrier without interference from other sub
carriers. More imper and multi path delays than other wireless transmission techniques, OFDM provides better
link and commu FDMA is the multiple access technique using OFDM, which is used for downlink

transmission o
many narrdig ban

ving high spectra efficiency. Figure 4 shows how available bandwidth is divided into very
itted in parallel fashion.

magnitude

Figure4: OFDMA technique
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MILLIMETER WIRELESS

Using the millimeter-wave band(above 4 GHz) for wireless service is particularly interesting, due to the availability in this
region of bandwidth resources committed by the governments of some countries to unlicensed cellular and other wireless
applications. If deployed in a 4G system, millimeter wireless would constitute only one of several frequency bands, with the
5GHz band most likely dominant.

ULTRA WIDE BAND (UWB)
A UWB transmitter spreads its signal over a wide portion of the RF spectrum, generally IGHZ wide or more, above
3.1GHZ.The FCC has chosen UWB frequencies to minimize interference to other commonly used ipment, such as

televisions and radios. This frequency range also puts UWB equipment above the 2.4GHZ range of rowave ovens and
modern cordless phones, but below 802.11 a wireless Ethernet, which operates at 5 GHZ. Traditional R

RF carrier to transmit a modulated signal in the frequency domain, moving the signal from a base ba&
the transmitter uses.UWB is “carrier free”, since the technology works by modulating a pulse, orﬂer\[ens fe
resulting in a waveform occupying a very wide frequency domain. & ‘,'A

One distinct advantage of UWB is its immunity to multipath distortion and interference. N{path propagatipn occurs when a
transmitted signal takes different paths when propagating from source to destinationgTh us paths are caused by the
signal bouncing off objects between the transmitter and receiver. One part of the signa irectly to the receiver while
another deflected part will encounter delay and take longer to reach the receiy, causes the information

crowatts,

the transmitted signal bouncing off objects are much longer than the width UWRB pulse, virtually eliminating IST
form overlapping signals. This makes UWB technology partially infrastricture and mobile communications
applications, minimizing S/N reduction and bit errors. v

SMART ANTENNAS

A smart antenna system comprises multiple antenna ele
radiation (Transmitter) and/reception (receiver)patterns. i
particular, MIMO, shows promise in 4G systems, pafticu
usually a limiting factor when attempting to suppormase ata rates. Smart antenna allow the same radio frequency to be
used for other user without worry of interferen follews the uger as they move as shown in the fig 5.

igle processing to automatically optimize the antennas
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Smart Anternna Technology

Figure 5: Smart antenna technology

MIMO (MULTI-INPUT MULTI-OUTPUT)

It is a smart antenna system where ‘smartness’ is considered at both transmitter and receiver. MIMO represents space-division
multiplexing (SDM) — information signals are multiplexed on specially Separated N multiple antennas and received on M
antennas. Field experiments by several organizations have shown that a MIMO system, combined with adaptive coding and
modulation, interference cancellation, and beam-forming technologies, can boost useful channel capacity by at least an order
of magnitude. MIMO antenna system is multiple antenna system used at both transmitter and receiver. To improve
communication performance .it increases range, quality of received signal and spectrum efficiency.
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Tx Rx
Transmitter Receiver
y g
-
Figure 6: MIMO 2x2 systems a ‘vA‘

Multiple Input Multiple Output (MIMO), 2x2, two antennas at both the transmitter and the receifgr is'sho%n in tli& 6

o h WY
SOFTWARE DEFINED RADIO (SDR) y 4 ) 4

SDR is a radio communication system implemented as software on the personal compute
available networks and then reconfigures itself for the selected network by downloadin
It is used for implementation of the multimodal, multi-band, multi-standard user ter
accessibility across various wireless and wire line heterogeneous networks.
flexibility in network expansion i.e. operator can expands its network infrastruct
transceiver system. It reduces the cost for development of multimodal, iband an
will benefit both the end users and the service providers. The current S e ogy is
networks. It should be enhanced to support multiple networks v“

r edded degices. It scans the
Mre _specific to that network.
arye stations which allow

advantages of SDR such as
ing few modems to base station

tandard user equipment’s. This
t capable of supporting the multiple

INTERNET PROTOCOL VERSION 6 (IPV6) g, )

It is the most recent version of the Internet Protocol (IP), the communications protocol that provides an identification and
location system for computers on networks and routes traffic across the Internet. IPv6 was developed by the Internet
Engineering Task Force (IETF) to deal with the long-anticipated problem of IPv4 address exhaustion. IPv6 is intended to
replace IPv4. It includes 128 bits which is 4 times more than 32 bit IP address in IPv4.

APPLICATION OF 4G TECHNOLOGY \\

Virtual presence : For example always o tion to ke
Virtual navigation: Remote data base
characteristics of a large metropolis

people on event.

theographical representation of streets, buildings and physical
atabase are transmitted in rapid sequence to vehicles.

information of several users, in addition to temporal aspects have many
applications for example GIS ,GPS. ine satellite mapping will be loaded instantly by 4G technology.

Telemedicine: Re
consultant. Thus
Multiuser vid

t is monitored and advised through streaming them related videos by medical
health monitoring.

Ultra high sp i ess: Internet surfing, email, video streaming, live gaming, and general web browsing is
available.

HDTV: HD hannegl is directly available on 4G enabled smart phone.

4G in normal li ic control, mobile phones, sensors on public vehicles.

CHALLENGES FACED IN MIGRATION TO 4G

The challenges faced in migration to 4G are

MULTIMODE END USER TERMINAL

The user terminal used in 4G has to interact with different access network. This may encounter several design issues such as
limitation in the device size, cost, power consumption and backward compatibility to the systems. Availing 4G services
require the multimode devices to discover and select the preferred wireless network. Services discovery in 4G is much more
challenging than 3G. Use of SDR (Software Defined Radio) is the solution for this. SDR scans for the available network and
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download the software required to interface with the selected networks. Fig 7 shows single multimode device with multiple
interface accessing the different wireless network.

iy I Fixed wireless network Satellite network 7 l
/
/ Handoff P J
] Database B
— ‘
; Interface ) |
4+—> Location management “'
v v 1 4
Wireless LAN Cellular network Universal access point
I X ' I Wireless link
Fig 7 Multimode Device “ £H

4

ized performance and high QoS
ave to process the services, and

SYSTEM DISCOVERY & SELECTION
The wireless device has the responsibility to select the wireless network whigh' pro
for a particular time, place and service. Due to heterogeneity of 4G netwo wirgles

connect to appropriate service providers. Various services provider h e n protoeols which can be incompatible with
each other, as well as with the user device. v
Fig.8 shows a user accesses an overlay network consisting of several UAPs

Fixed wireless network Satellite network I \

Overlay netwark

| Database
~ Interface

4> Location management

it Universal access point

i | mmm \Vireless link
Figure 8: Overlay Network

SECURITY& P

Data encrypti n
services aré&introdiice
service. The

ethod being used for 3G network are not suitable for 4G network as new devices and
first time in 4G networks. 4G provides very wide geographical area coverage with seamless
r de has to interact with different networks exchanging different types of data complicates the security and
privacy issues. overeome these security and privacy issues, the existing security & privacy method have to modify with
great extent so that'they will be applicable to heterogeneous 4G network.

QUALITY OF SERVICE WHILE INTEGRATING DIFFERENT DEVICES

The main challenge that 4G networks are facing is integration IP based and IP based devices, the same time maintaining very
good quality of service.

SERVICE AND BILLING

Managing user accounts and billing then has become much more complicated with 4G networks and the mainly due to
heterogeneity of 4G networks and the frequent interaction of service providers. The research team has addressed this concern
and proposed several frameworks to handle the customers billing and user account information.
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LOCATION AND HANDOFF MANAGEMENT

In 4G, user can roam across the whole geographical boundaries of wireless networks. Location management becomes critical
which involves tracking the location of mobile user and maintaining information such as the authentication data, QoS
capabilities, and original and current cell location. In Hand-off management it is essential to maintain ongoing communication
when user moves from one cell to another within the same wireless system across different wireless systems (2G, 3G ,
WLAN). In doing so, hand off process faces several challenges like maintaining QoS and systems performance across the
different wireless networks. Figure9 shows vertical and horizontal handoff management process.

UMTS

y g
coverage (
AV N

& 9
| A N

GSM \‘ \

coveragei “"
. 4

1\- ‘

4

.,

") WLAN <
coverage\

~
:> Vertical handoff ~——®  Horizontal handoff
Fig 9: Handoff Man ement & P

=

LATENCY

Many 4G services are delay sensitive.
CONCERNING COMPLEXITY
4G networks is undoubtedly complex, as compared to tworWeseaIch is required to make the network simpler.
Complex resources allocation

Management of the frequency and spatial resou Nlti network, multiuser environment is complex process as compared
to 3G.
INTERFERENCE
Multiple access interference control and mi

Wgeneous environment (co-existing air interfaces, varied terminal &
services) is an issue.

POWER CONSUMPTION &
By any measure power consu i

seriously compromised, heal
Non compatibility of han

fut£ multifunction, multi standard 4G terminals will sharply increase. Usability is
becomes an issue.

CONCLUSION
In a world going #ir
enable more efficie

4G has greatly
level. It wo

logies with higher throughput get importance day by day.4G wireless networks not only
ordable, reliable wireless services but also provide wider variety of services. The advent of
e field of telecommunication domain bringing the wireless experience to a completely new
Ith of features and services making the world a smaller place to live.4G should also take lesson
from the 3G°s capture the imagination of the end-users. Technology should not be developed for technology’s sake
rather it should ta e end-user. Thus user-centric approach towards 4G’s development is the key to its success. Though 4G
is facing challenges, we believe that future research will overcome these challenges and integrate newly developed services to
4G networks, making them available to everyone, anytime, anywhere and anyhow with any wireless technology.
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