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Abstract- LTE and WiMAX technologies they were always competitor to each other.  But one of them has to win, to lead the 
next generation of wireless communications.  In this paper we will compare both of these technologies. Then we will conclude 
the paper with the winner of the competition.  
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I. INTRODUCTION 
 
This paper presents a comparison between LTE and 
WiMAX technology, starting with a brief 
introduction.�First, starting with LTE, LTE (Long 
Term Evolution) was developed by 3GPP (3rd 
Generation partnership Project). It is an organization 
established in 1992 to improve the GSM (Global 
system for mobile communication). The first release 
was GPRS in 1998, after that in 1999 WCDMA has 
come, this technology take long time. After 8 years in 
2007 HSPA+ was released, and after just one year, in 
2008 the first LTE release came out, by improving the 
capacity and speed using different radio interface. 
Finally in 2011 the advanced LTE arrived, the one 
that we are using right now in 2014, so LTE is a family 
member of GSM/EDGE and WCDMA/HSPA 
network technologies, with very high speed, up to 300 
Mbps downlink and the uplink up to 75 Mbps. Second 
WiMAX (Worldwide Interoperability for Microwave 
Access), it is a family member of IEEE 802.16, so it is 
a wireless network standards certified by Wi-Fi 
Alliance. IEEE 802.16 standard was established in 
1999 and has been changed to 802.16a, 802.16b, 
802.16c, 802.16d, and more. The most advanced one 
is 802.16m with advanced Air interface with 
downlink data rates up to 120 Mbps for mobile and 1 
Gbps for fixed station and uplink up to 60 Mbps. Both 
LTE advanced (3GPP) and WiMAX advanced (IEEE 
802.16) are the 4th generation.   In the following, each 
section will compare both technologies properties.  
  
II. BACKWARD COMPATIBILITY  
 
As we said LTE is based on GSM, or we can say it is 
based on the 3GPP family, so when the LTE device 
goes beyond the range of the LTE base station, the 
network service can be completely changed 
automatically to 3G/ 2.5G because of the required 
radio technology. But it is a slower connection via 
EDGE by about 14 Mbps. On the other hand WiMAX 
technology is based on wireless broadband, it does not 
have an extensive coverage such as the 3GPP family. 
When the WiMAX device goes beyond the range 

(which is 5 to 16 Km from the fixed station for a 
mobile device), it may have no Internet connection if 
there are no IEEE 802.16 networks around. But if 
there were any 802.16 networks it is possible to 
switch, if both 802.16 networks are compatible. 
WiMAX is more suitable for laptops since it is less 
mobility, but for cellular devices LTE is more suitable, 
since it moves a lot and with its extensive coverage 
there are no problems even with the slower 
connection.  

 
III. IDENTIFY THE SUBSCRIBER  
 
LTE devices use a SIM cards (Subscriber Identity 
Module) to identify itself with the carrier mobile 
network (base station). A SIM card is an integrated 
circuit that stores the data, such as IMSI (Mobile 
Subscriber Identity), Ki (Security authentication 
information) need to identify the subscriber to the 
carrier network (BS), which this key is unique in every 
SIM card. And also card also store another unique 
serial numbers called ICCID, PIN (Personal 
Identification Number), PUK (personal unblocking 
code) for PIN unlocking, LAI�(Local Area Identity), 
and more. �The process of Authentication is as 
follows:  
 

 
Figure 1 GSM algorithm 
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�1. When the LTE device is turned on, the SIM card 
gets the IMSI and passes it to the carrier operator 
service (BS), requesting access and authentication to 
the network.  
 
2. Carrier (BS) will check the IMSI in the database, if 
it is right, then the carrier network (BS) will send a 
128- bit challenge RAND to the assumed subscriber, 
then the SIM will use A3 algorithm and the Subscriber 
Key (ki). After computing it, the LTE device will send 
the signed response called (SRES), after that the 
database checks the SRES and matches it with the 
SERS that database computed.  
 
3. If the SERS matches the SIM will use the second 
algorithms called A8, it computes the Ki and the 
original challenge to get a Session Key (KC) and 
passes it to the database by encrypting them using the 
A5 algorithm. That is how LTE uses the SIM card to 
identify its subscriber.�On the other hand WiMAX 
does not have a SIM card to connect to the network, 
however it can use a SIM card to connect to 3GPP 

networks if it has a SIM Card Interface. WiMAX uses 
an antenna to send and receive. WiMAX uses a 
technology called Access Control; this technology is 
the security mechanism to identify if the subscriber is 
allowed to access the network by using a scheduling 
algorithm.  

This technology has 3 elements:  
�1. Establish a connection between the carrier 

(Base     station) and the device. 
2. Manage the authenticator.� 
3. Decide whether the device can access the server 

or not. 
 
This connection is made by EAP (Extensible 
Authentication Protocol). This protocol was created by 
IETF (Internet Engineering Task Force). It exchanges 
the authentication protocols and other messages such 
as the passwords certifications smart cards between 
the assumed subscriber and the authentication server 
by encapsulating the data and sending it through the 
WiMAX link (radio).  

 
IV. AIR INTERFACE AND RADIO TECHNOLOGY 
 

 
Table 1  Standards of 3GPP 

 
First, 3G technology uses an antenna technology 
called spread spectrum. Now 4G technologies LTE 
and WiMAX technology both use MIMO (Multiple 
Input Multiple output), it is using a multiple antenna 
to send and receive. The reason that both technologies 
uses MIMO is to offer an increase in data throughput 
and the range of the link without any additional 
bandwidth or additional power by spreading the same 
total transmission power over the antennas to achieve 

an array gain that improves the spectral 
efficiency.�Second, LTE frequency bands are 
different around the world, and each carrier may use 
multiple bands. For example Canada is using band 7 
and band 4, Saudi Arabia uses band 38, 3 and 40, and 
in South Korea they use band 1, 3, and 5. A phone 
bought from Canada may not work in South Korea. 
On the other hand WiMAX, the IEEE 802. 16c 
designed for LOS (Line Of Sight) environment from 
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10 - 66 GHz. However the later IEEE 802.16 designed 
for NLOS (Non Line Of Sight) modes have 
frequencies between 2 - 11 GHz.�Finally, multiple 
access technology. Both technologies are based on it. 
However, WiMAX uses a technology called OFDMA 
(Orthogonal Frequency Division Multiple Access), for 
both uplink and downlink. OFDMA inherited from 
OFDM digital modulation scheme. OFDM make a 
subset of subcarriers to individual users allowing 
simultaneous low data rate transmission from several 
users, instead of transmitting the whole data to one 

carrier. On the other hand, LTE uses OFDMA 
technology for the downlink and it uses the SC-FDMA 
(Single Carrier - Frequency Division Multiple access) 
for the uplink, SC - FDMA creates a single carrier 
waveform and shifts it to the desired part of the 
frequency.  
With this technology the signal has more ability to 
resist the Gaussian noise, which appears in OFDMA. 
With this combination it provides high levels of 
spectral efficiency and network performance, by 
increasing the capacity and decreasing the latency.

 

 
Table 2 Current and feature standard of 802.16 WiMAX 

 
V. CODING AND MODULATION  
 
A sine wave is defined by three main characteristics, 
frequency, amplitude, and phase. If anyone of theses 
characteristics is changed the whole wave will be 
different. So, by changing some characteristics of an 
electric signal, a new digital data can be presented. 
From that, we have three main mechanisms for 
modulating the digital data into an analog signal:  
 

1. FSK (Frequency Shift Keying). � 

2. ASK (Amplitude Shifting Keying). 
3. PSK (Phase Shifting Keying).  

 
However, there is a better mechanism, called QAM 
(Quadrature Amplitude Modulation), it is a 
combination of the amplitude and phase.  

 
Bandwidth is one of the highest priority issues in 
mobile communication. Developers are trying to 
figure how to offer high data rates within low or 
limited bandwidth.  

 

 
Figure 2 OFDM and OFDMA allocation 

 
And to do that we use something called higher order 
modulation, such as 16-QAM and 64-QAM. Using 
higher order modulation provides higher data rate 
within the limited bandwidth. The first release of 3G 
standards was using 4-QAM or QPSK. It consists of 

four different signaling alternatives. 4-QAM allows 
up to 2 bits to be communicated during each 
modulation symbol interval. But by extending to 
higher order modulation we have the 16-QAM and 
64-QAM. 16-QAM has 16 different signaling 
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alternatives and it allows up to 4 bits to be 
communicated per symbol interval. Additionally it 
can be extended more, to 64-QAM with 64 different 
signaling alternatives and it allows up to 6 bits to be 
communicated per symbol interval. So, the using of 
higher order modulations whether 16-QAM or 
64-QAM can provides higher data rate in the within 
the given bandwidth, in other words, we can have 
more bandwidth utilization.  However, by sending 
high data rates, require a higher receiver to avoid the 
error rate. This error situation usually happens to the 
higher order modulation schemes. On the other hand 
4-QAM has lower data rare, so it has lower error rate 
than the higher order modulation schemes. LTE and 
WiMAX supports all the above modulation schemes, 
but with a combination with coding schemes. With 
this combination, different types of modulations and 
different types of coding will achieve higher 
throughputs and better spectral efficiencies by 
allowing us to send more bits per symbol interval with 
a lower receiver requirement. The 64-QAM may be 
more efficient than the 16-QAM, and the16-QAM 
may be more efficient than 4-QAM, by the possibility 
of lower rate channel coding. In case if the channel 
condition getting poor, LTE and WiMAX use the 
AMC method (Adaptive Modulation and Coding) to 
adjust the modulation scheme and coding rate. AMC 
method is based on SDR (Software Defined Radio) 
and CR (Cognitive Radio), a combination called 
SDR-CR.  
 

 
Figure 3 Signal Constellation for the modulation 

schemes 
 
How it is works: 
�1. When the receiver gets the packet, it starts 
evaluating it to determine the situation of the channel 
from (SNRS) signal to noise ratios, or Bit Error Ratio 
(BER) by concluding the Channel Quality Indictor 
(CQI). 
 2. The receiver gathers all the information and sends 
the Channel State Information (CSI) to the 
transmitter. 
 3. After informed the transmitter, it can reconfigure 
its self while sending the next packet.  
 
The performance of adaptive modulation and coding 
depend on the accuracy of quality indictor module and 
the quality of the feedback between the receiver and 
the transmitter.  

 
Figure 4 AMC 

 

 
Table 1 Comparison Summaries 

 
CONCLUSION 

 
The most advantage of these networks is the mobility. 
It is become more important every day and require 
higher speed and higher data rate. It becomes more 
interesting for the telecom to offer low cost and high 
efficiency to the operators and the users.  
 
LTE (Long Term Evolution) and WiMAX technically 
are similar, such as channel bandwidth, antenna 
configuration, modulation and coding, and radio 
access modes. WiMAX released to the public, while 
LTE was under construction.  
 
But now LTE starting to become popular and perhaps 
will leave WiMAX behind, because of the most 
advantage of LTE, which is the backward 
compatibility. But still the choice of the next 
generation technology will depend more on the benefit 
of the technology and the legacy platform of the 
service provider.  
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