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ABSTRACT 

 In this paper, all the mobile generation are discussed. From the analysis point of view, two technologies i.e. LTE and Wi-

MAX are taken. All the factors related to the generation, operation, network architecture, advantages and disadvantages of both 

technologies are explained. Both LTE and Wi-MAX are 4G. Both the technologies can be expressed as both are 4G use all IP with 

low latency. LTE supports both Frequency Division Duplex and Time Division Duplex both. The latest version of LTE is LTE-

Advanced; LTE-Advanced is backward compatible of LTE whereas LTE is not backward compatible with any other 3G networks. 

The data speed of LTE is based on the location of the tower. In this paper, all the features and difference related to LTE and Wi-

MAX are discussed. The development of 4G network leads to the availability of better network, high speed of data rates, also have 

low latency. 
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 The generation of wireless cellular makes a 
revolutionary change in the life of human beings. This 
revolutionary change related to the system, speed and 
technology. All the generation has some of the standards, 
techniques and other various features. All the generation 
which has already been introduced is 1G, 2G, 3G, 4G, 5G 
and 6G. Two emerging technologies, the IEEE 802.16 
WiMAX (Worldwide Interoperability for Microwave 
Access) and the 3GPP LTE (Third Generation Partnership 
Project Long Term Evolution) are the best technology 
creation till this era. Since this generation of the mobile 
communication provide all the features present in the 
previous generation of mobile communication including 
the latest features such as voice, video and data services at 
very low cost and service models through Internet friendly 
architectures and protocols. Both are of the same category 
of the generation, but instead of having almost same 
features in this technology, some of the specific feature is 
still differentiating both from each other. In this paper, first 
we discuss about all the generation of the mobile 
communication and then the detail analysis of the WiMAX 
and LTE is done including comparison, advantage & 
disadvantage, future scope and Air Interface Radio 
Aspects of both the emergent technologies.  The Air 
Interface Radio Aspects such as access modes, 
transmission bandwidths, supported frequency bands and 
the antenna techniques and various features like control 
mechanisms, Quality of Service (QoS) and security. The 
IEEE originates WiMAX in the protocol (IEEE 802.16 
standard) initially, it belongs to the Local area network 
(IEEE 802.11standard) but it is further enhanced to the 
Metropolitan Area Networks (MAN) and Wide Area 

Networks (WAN). For this wireless accessing of WiMAX, 
radio access technology developed called as OFDMA 
(Orthogonal Frequency Division Multiple Access) for both 
uplink and downlink. WCDMA based Third-generation 
technology also defines the long term evolution of the 
3GPP UMTS/HSPA cellular technology. After this 
evolution, evolved UMTS Terrestrial Radio Access (E-
UTRA) and evolved UMTS Terrestrial Radio Access 
Network (E-UTRAN) are developed which are commonly 
known as 3GPP project LTE. Similar to PHY layer of 
WiMAX, an Orthogonal Frequency Division Multiple 
Access (OFDMA) is used for downlink and SC-FDMA 
(single Carrier Frequency Division Multiple Access) [16] 
[17] is used for uplink. To achieve best coverage and better 
availability of the network with these technologies, 
advanced modulation and multiple antenna techniques are 
used. The overview of the mobile communication network 
shown in figure 1. 

 

Figure 1: Overview of the mobile communication 

network 
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EVOLUTION OF TECHNOLOGY 

 Before introducing LTE technology, there are 
various technologies has been developed such as 1G, 2G, 
3G mobile generations of the telecom companies and their 
associated partners like 3GPP and 3GPP2. The first 
generation (1G) mobile communication is developed in 
1980s. In this generation speech signal services based 
analog communication are used. Nippon Telephone and 
Telegraph (NTT) and Total Access Communication 
Systems (TACS) were the first to use cellular system. This 
system is analogues to the system used in TACS in Europe 
and AMPS in North America [1]. The first generation 
cellular mobile was introduced in 1979; the standard 
technology used in this generation is AMPS (Advanced 
Mobile Phone System). FDMA based circuit switch 
network is used with the speed of 1kbps to 2.4kbps and 
supported by analog voice signals. 

 
Figure 2: First Generation (1G) mobile communication 

 The major drawback of this generation is its 
features such as text messages, picture message and 
multimedia message (MMS). It has been included in the 
next generation of the mobile communication i.e. 2G. 
GSM maintains quit-to-quit security via maintaining the 
confidentiality of calls the use of Signaling and Data 
Confidentiality and Mobile station Authentication. The 
main objective of 2G systems is a circuit switched network 
to Enhanced the voice quality of the user. GSM technology 
is introduced in the 2G technology in 1991. The encryption 
over the user data, exploring of the phone configuration 
and started some mobile services like data services also 
provided in 2G. TDMA and CDMA are the accessing 
methods used in 2G communication. It was introduced in 
the 1980-1990s, which supports digital signal with the 
speed of 14kbps to 64Kbps and the frequency band used in 
this generation is 850-1900 MHz (for GSM) and 825-
849MHz (CDMA).  

 

 

Figure 3: Second Generation (2G) mobile 

Communication  

 In GSM technology, bandwidth/ channel divide 
each band (200 KHz) into eight bands with equal size of 
(25 KHz). This division is based on the multiplexing 
techniques called TDMA/CDMA. The extended version of 
2G services are 2G, 2.5G and 2.75G. 2.5G uses GPRS and 
EDGE technologies, which could enable much faster 
communications uses packet switching and circuit 
switching domain to provide data rate up to 144kbps. In 
2.5G, Gaussian minimum shift keying- GMSK (GPRS) & 
EDGE (8-PSK). For the transmission and reception of 
video or other multimedia a new generation system is 
evolved known as 3G. This system is introduced in many 
parts of the world with different name such as WCDMA in 
Europe and 3G in North America. One the basis of the 
frequency division duplex (FDD) mode, both WCDMA 
and 3G apply separate frequency bands to transmit and 
receive the data. Time Division Duplex (TDD) mode used 
in china known as synchronous CDMA (SCDMA). As the 
2G uses circuit and packet switching technique the 3G also 
continued with the same. 3G enable higher data rate such 
as High Speed Packet Access (HSPA). It is carried out by 
the ITU in 1980s. The existed frequency range of this 
generation is between 400MHz to 3GHz. 

 

Figure 4: Data rate evolution in WCDMA and HSPA 
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 NTT DoCoMo in Japan introduced 3G first. The 
main Advantages of 3G is fixed Wireless Internet Access, 
Wireless Voice Telephony, Video calls, Mobile Internet 
Access and Mobile TV. The variants of 3G are 3.5G and 
3.75G also provides mobile broadband access of several 
Mbps to the smart phones and mobile modems in laptop 
computers. LTE is initially known as 4G mobile 
communication which is introduced by IMT-Advanced in 
2003 [2]. It provides many advantage over 3G but since it 
originates just after 3G and contains almost similar 
properties of 3G. Sometimes, it is also known as 3.9G or 
Pre-4G. This 4G mobile communication has high data 
rates of 1.0Gbps for fixed services, 100Mbps for mobile 
services and also shows mobility up to 500Km/h. The 
main features of the 4G include handover latency and 
VOIP efficiency. Officially, 3GPP UMTS based advanced 
version of LTE called LTE-Advanced released. The main 
concept in the generation of 4G is the transition to the All-
IP to provide common platform to all the technologies 
which has already been developed. The main difference 
between the All-IP and GSM/3G is in the functionality of 
RNC and BSC which is distributed to BTS and a set of 
servers and gateways. With the evolution of 4G, the data 
rate also increases with less cost. It also provides all the 
features of 3G like MMS, Text message; video calling etc. 
5G is very fast among all the generation of the mobile 
communication. All the services related to networks and 
applications can be accessed by single IP. 5G networks 
carriers have extraordinary data capabilities to put all the 
data broadcast and call volumes together. This is due to 
5G, all the radio system will share same spectrum. Almost 
60000 connections can be established at a time for the 
broadcasting of large data.  It also has very important 
feature in comparison of the oldest mobile communication 
technologies i.e. it has Very low battery power 
consumption, Due to multiple connections the data rate 
become faster. Both the IP (IPV6) address (IPV6) is 
together present in 5G technology is used on the basis of 
location and the networks. As the technology enhanced 
day by day, the service providers continuously explore the 
technologies and leads to the conclusion in which they can 
employ one option from the three i.e. deployment of HSPA 
and related technologies, Deployment of WiMAX and 
deployment of LTE. Advance version of HSPA is 
introduced known as HSPA+. HSPA+ contains more 
features which improve the system capacity (including 
voice capacity), end-user throughput, and latency [7]. The 
key technical enhancements included in HSPA+ are Dual-
carrier downlink operation, Continuous packet 

connectivity for improved battery life, Higher-order 
modulation and MIMO to achieve higher peak rates, 
Flexible RLC and MAC segmentation, Advanced mobile 
receivers for data rate and capacity enhancement and 
Single frequency network for improved multi-cast and 
broadcast. IEEE 802.16 referred as WiMAX, which is 
introduced by the Institute of Electrical and Electronics 
Engineers (IEEE) to expand a network called as wireless 
metropolitan area network (WMAN). The basic model of 
WiMAX is the fixed wireless system and later on it has 
changed to dynamic wireless system. Mobile WIMAX 
system is based on the mobility wireless system. In 2001, 
WiMAX is named given as worldwide interoperability for 
microwave access. WiMAX was approved by ITU as an 
IMT-2000 terrestrial radio interface option called IP-
OFDMA. WiMAX is simplest the opportunity to LTE for 
operators seeking to set up mobile broadband, though most 
analysts count on WiMAX to take a much smaller share of 
the global mobile broadband marketplace compared to 
LTE. It need to additionally be mentioned that some of 
components within the LTE layout in particular the use of 
OFDM and OFDMA generation turned into at once 
inspired by using their implementation in WiMAX. The 
WiMAX shows lots of features such as Very High Peak 
Data Rates, Very High Peak Data Rates, Scalable 
Bandwidth and Data Rate Support, Support for TDD and 
FDD, Flexible and Dynamic Per User Resource 
Allocation, Robust Link Layer, Robust Link Layer, IP-
Based Architecture and Support for Advanced Antenna 
Techniques. The line of sight and rooftop based fixed 
wireless access techniques are used to obtained 
metropolitan wireless broadband and also affected by the 
environmental conditions and rain. The first WiMAX 
series as per the applicability was IEEE 802.16d in 2004 
[3]. This standard provided high throughput, broadband to 
long distance and formed a real competitor to the DSL and 
cable data providers. IEEE 802.16e in 2005 [4] formed the 
base model which is known as Mobile WiMAX, or 
WiMAX R1.0. Since its feature is similar to 3G, it was 
recognized as 3G technology in 2007 [6]. IEEE 802.16m, 
standards is known as WiMAX Release 2.0. The main aim 
of the IEEE 802.16m is to develop an advanced air 
interface to meet the requirements for IMT-Advanced and 
also make it compatible with previous 802.16 standards. 
To get more data rate or high speed of the data 
transmission a new technology introduced called WiMAX 
2.0, it is the enhanced version in 4G category over 
WiMAX 1.0. WiMAX 2.0 satisfies all the features desired 
by IMT-Advanced ITU [5]. The advanced version of LTE 
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is LTE-Advanced contains all the features of LTE and 
WiMAX technology. 6G is expected to use 5G technology 
with satellite networks for global coverage. The major 
advantage of this generation is its Ultra fast access of 
Internet, Data rates 10Gbps -11Gbps), Home automation, 
Smart Cities and Villages, used in the production of 
Energy, Space technology, Defense applications with 6G 
networks, highly secured Home based ATM systems, 
communication between Satellites, prediction of natural 
calamities, communication between Sea and Space. 

 
Figure 5: Evolution of mobile generation 

 
Figure 6: Increasing Capacity of generation mobile 

Features and Difference between WiMAX and LTE 

 Instead of number of similarities between 
WiMAX and LTE, it has various factors by which it is 
differs from one another. Both the LTE and WiMAX 
provide full duplex mode accessibility. Concept of Time 
division (TD-LTE) used in LTE where the popularity of 
frequency division is more since it remains continued with 
all the generation. On the basis of spectrum used in the 
technology, IMT-2000 based legacy LTE and LTE 
advanced uses band such as 700, 900, 1800, 2100, 2600 
MHz where as WiMAX uses 2.3, 2.5, 3.5, and 5.8GHz 
frequency bands. Due to the lower range of operating 
frequency of LTE, it becomes more popular for wide area 
networks. The inter carrier spacing between bands is 15 
KHz for LTE where as 10.94 KHz for WiMAX 2.0. 
Access Technology- Both the uplink and downlink uses 
different access techniques, for LTE-advanced OFDMA is 
used for downlink and for uplink single carrier FDMA is 
used. SC-FDMA has features of reducing Peak-to-

Average-Ratio (PAPR) by 3dB to 5 dB [14]. The reduction 
in PAPR ratio, the coverage of LTE technology improved. 
SO-FDMA is used in 802.16m for both uplink and 
downlink. The major drawback of the GSM TDMA and 
wideband CDMA to broadband system increases 
complexity with multipath signal reception. These 
problems were reduced in OFDMA (SC-FDMA). The 
main advantage of OFDM for SC-FDMA is its robustness, 
for broadband systems it helps lots [8]. Comparing 4G 
WiMAX and LTE from other aspects are covered in the 
literature as well. For example [9] compares LTE and 
WiMAX when used in enterprise environment from two 
aspects security and integration into enterprise IT network. 
LTE technology is more superior in mobility, data 
throughputs and capacity. OFDMA provided high data 
rates, all IP and flat architecture [15]. WiMAX is a TDD 
technology which does not require paired spectrum with 
flexibility in sharing the time frame between the uplink 
and the downlink. On the other hand, phone companies, 
adopting 3GPP/3GPP2 standards of 2G, 3G and LTE use 
one band of frequencies for the uplink and another band 
for the downlink. This makes these systems more costly in 
terms of spectrum and equipment. However, the 
introduction of TD-LTE, a TDD version of LTE with 
single band for its operation wipes out one main advantage 
of WiMAX over LTE. The 4G version of WiMAX 
(WiMAX 2.0) have no support for legacy 3GPP devices, 
which means no handovers possible to and from 2G 
(GSM) and 3G (UMTS) etc. On the other hand, 3GPP 
provided a clear evolution path towards LTE for 2G and 
3G standards of Europe, North America and China. The 
3G TD-SCDMA of China will take a home-made 
evolution path aiming at a smooth migration to LTE-
Advanced [10]. Individually, In terms of security, data 
transfer rate, distance coverage without failure of the trans-
reception of the information, power capacity, efficiency 
and Quality of services LTE is much better in comparison 
to the WiMAX technology. In short both the technologies 
can be expressed as both are 4G use all IP with low 
latency, LTE offers speeds of about 320 Mbps with 4×4 
MIMO and 170 Mbps with 2×2 MIMO in 20 MHz 
spectrum. LTE supports both Frequency Division Duplex 
and Time Division Duplex both. The latest version of LTE 
is LTE-Advanced; LTE-Advanced is backward compatible 
of LTE whereas LTE is not backward compatible with any 
other 3G networks. The data speed of LTE is based on the 
location of the tower. WiMAX has 144 Mbps downlink 
speed and 138 Mbps uplink speed. WiMAX has different 
variants i.e. (IEEE 802.16d and IEEE 802.16e) used for 
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broadband solution for home and office use, also it has 
mobile version (IEEE 802.16m) with high throughput 
called WiMAX 2.0 [13]. 

 

Figure 7: Frame structure of WiMAX  

 
Figure 8: Frame structure of LTE-Advanced 

Network Architecture of WiMAX 

 IEEE 802.16e specifies the air interface but end-
to-end network architecture for WiMAX remain 
undefined. The A group known as Network Working 
Group (NWG) made a reference network architecture 
which are used for the improvement of WiMAX. IP 
services based network architecture contains three 
sections: Mobile Station (MS), Connectivity Service 
Network (CSN) and Access Service Network (ASN) [12].  

 
Figure 9: WiMAX network Architecture 

LTE Network Architecture 

 LTE supports packet data switching network 
where as all the other technology which was introduced 
before LTE supports circuit switching data networking. 
LTE provides flawless IP interface between User 
Equipment (UE) and Packet Data Network (PDN). This 
architecture made up of the Core Network (CN) and the 
Access Network (AN), where Core Network corresponds 
to the Evolved Packet Core (EPC). The AN corresponds to 

E-UTRAN. Both CN and AN formed Evolved Packet 
System (EPS) which connects the end users to PDN by 
using IP address so that the accessing of the internet and 
services like Voice over IP (VoIP) is possible [11]. 

 
Figure 8: LTE network architecture 

Access Network 

 The Access Network (EUTRAN) is formed by the 
connecting various eNodeBs to each other through the 
interfaces called X2. Due to the absence of center hub, this 
Architecture flat structure. The eNodeB is connected to 
EPC via S1 interface and to MME through S1-MME 
interface. The eNodeB and S-GW are interlinked by means 
of S1-U interface. The S1-U interface carries user data 
between serving GW and eNodeB. The protocols which 
run between eNodeB and UE are known as Access Stratum 
(AS) Protocol [11]. The responsibilities of the E-UTRAN 
network are as Radio Resource Management (RRM, 
Header Compression, Security and Connectivity to the 
EPC. 

 

Figure 9: E-UTRAN Network 

CONCLUSION 

 In this proposed work, all the wireless 
technologies are compared; mostly this paper is concerned 
over the comparison of two technologies like LTE and 
WiMAX. It also found from the discussion that, various 
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factors which leads the LTE technology as a superior than 
the other technology. The feature like flat architecture, all 
IP network and TDD structure makes the LTE different 
from the other technology. 3GPP uses circuit Switched 
network of 2G, through half packet of 2.5G and 3G and 
this results in getting all IP in LTE and LTE-Advanced. 
LTE originated from mobile generation and WiMAX is the 
technology obtained from data networking industry. LTE 
technology is the future which serves to the public 
networks while WiMAX serves to the dedicated segments. 
WiMAX provides services to the private segments like 
energy utilities, aviation and transportation. The 
Integration of WiMAX and LTE technology will make big 
change in the revolution of mobile generation. Since 
individually both the technology serves different segments 
i.e. public and private sectors, but by merging them to a 
single unit will help in serving the feature to both public 
and private sectors. From the security point of view these 
technologies are more secured, encrypted and authentic.  
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