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Abstract— Long Term Evolution (LTE) is a standard for the future wireless technology and a step towards the fourth 
generation (4G). The current generation of mobile telecommunication standard is 3G and the limitations in response time, 
download speed and cost led to the development of LTE.LTE uses Multiple-Input Multiple-Output (MIMO) technologies 
with four antennas in conjunction with Orthogonal Frequency Division Multiple (OFDM) are placed to increase the data 
rate. The use of OFDM eliminates Inter Symbol Interference (ISI) and the MIMO system provides a solution to the multipath 
challenge and both techniques offer better mitigation against fading and helps in an increase in data rates. Here the 
performance of different MIMO techniques such as transmit diversity and spatial multiplexing are analyzed and the 
performance of latter is checked with different detector (zero forcing detector) at the receiving end and used a lower order 
modulation(BPSK) at the transmitting end. 
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I. INTRODUCTION 
 
LTE is an evolution from UMTS which is widely 
deployed in all over the world. LTE- Advanced is a 
further enhanced system based on LTE and it would 
provide promising and attractive radio access scheme. 
3GPP is a collaboration agreement that was an 
established at the end of 1998 by telecommunications 
standards organizations in Europe, United States, 
China, Korea and Japan in order to develop a global 
standard for IMT 2000 (International Mobile 
Telecommunications 2000).The project provided a set 
of standards for UMTS in March 2000 applying W – 
CDMA as a radio access technology. A key 
requirement for LTE i s to make possible a seamless 
transition from current telecommunication systems. 
This can be made possible by reuse of the current 
spectrums, interoperability between current and 
upcoming system, reuse of existing sites and 
production competitively priced equipment. It gives 
the operators the ability to migrate to new systems 
with ease. But this requires adoption of simplified 
system architecture, stringent limits on spectrum and 
usage of a new radio-access technology with better 
characteristics. Orthogonal Frequency Division 
Multiplexing (OFDM) is a multi-carrier block 
modulation scheme suitable for wireless 
communications. With increasing data rate 
requirements from cost conscious consumers, the 
technology challenges of the physical layer are 
moving towards wide-band wireless communications. 
One of the key issues to be addressed in such systems 
is the frequency selectivity of the wireless channel 
caused by multi-path delay spread. The performance 
degradation due to frequency selective fading 
increases with an increase in signal bandwidth and/or 
bit rate. OFDM is primarily used in high bit rate 
systems to mitigate inter-symbol interference (ISI) 
caused due to delay spread. OFDM transforms a 

frequency selective fading channel into multiple 
narrow flat fading parallel sub-channels. This 
increases the symbol duration and mitigates ISI 
caused due to multi-path. Recently there has been a 
large increase in research motivating the use of 
multiple antennas in wireless system. Such systems 
with multiple antennas at the transmitter and receiver 
are commonly referred to as multiple input multiple 
output (MIMO) systems. It has been shown that the 
capacity of such systems increase linearly with 
number of transmit or receive antennas under the 
assumption that the number of transmit antennas and 
receive antennas are identical .For the same 
bandwidth this capacity scaling feature of MIMO 
systems facilitates spatial multiplexing systems to 
transmit more data with the help of multiple antennas 
in comparison to a single antenna system. MIMO 
systems can also be used for providing better error-
rate performance. This improvement is quantified as 
diversity advantage, which essentially implies a better 
slope in the BER vs. SNR curve. It helps in providing 
a more reliable transmission with multiple antennas 
compared to a single antenna system. OFDM has 
been in-corporated in high-bit rate wireless LANs 
like IEEE 802.11a,g,&n and HiperLAN-2. It is also 
being used for the emerging 4G wireless systems like 
IEEE 802.16e and 3GPP LTE . Along with OFDM, 
Multiple-Input Multiple Output(MIMO) technology 
is also finding its place in most of the above standards 
to either improve the performance or to increase the 
throughput. LTE employs MIMO-OFDM in the 
downlink and single carrier frequency division 
multiple access (SC-FDMA) in the uplink. Spatial 
multiplexing (SM) multiple-input multiple-output 
(MIMO)- orthogonal frequency-division multiplexing 
(OFDM) is considered as one of the most promising 
physical-layer architectures to provide high speed 
communications. In this a spatial multiplexed LTE 
system is being designed. LTE is becoming an 
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emerging technology in nowadays. LTE devices has 
increased eleven fold in the past year. The largest 
LTE device segment will be PCs through 2014, as 
operators initially focus on mobile broadband access 
for PCs. 
 
II. MIMO-OFDM IN LTE SYSTEMS 
 
OFDM-MIMO Technology is used in LTE systems in 
order to obtain high throughput with better mitigation 
against multipath fading. 
. 
A. Orthogonal Frequency Division Multiple Access 
The principle of the OFDMA is based on the use of 
narrow, mutually orthogonal subcarriers. In LTE the 
sub-carrier spacing is typically 15 kHz regardless of 
the total transmission bandwidth. Different sub-
carriers maintain orthogonality, as at the sampling 
instant of a single subcarrier the other sub-carriers 
have a zero value. much more efficient use of 
bandwidth can be obtained with a parallel system if 
the spectra of the individual sub channels are 
permitted to overlap. With the addition of coherent 
detection and the use of subcarrier tones separated by 
the reciprocal of the signaling element duration 
(orthogonal tones), i ndependent separation of the 
multiplexed tones is possible. The transmitted signal 
now has the following key properties: 
 The symbol duration is clearly longer than, for 

example, with WCDMA and also longer than 
the channel impulse response; thus, the channel 
impact is equal to a multiplication by a  
(complex-valued) scalar.  

 There is no inter-symbol interference, as the 
transmitter uses a guard period (cyclic prefix) 
longer than the channel impulse response, 
which is ignored in the receiver and, thus, the  
effect of the previous symbol is not visible.  

 The outcome of an FFT is thus a single signal 
which is basically a sum of sinusoids and 
having an amplitude variation that is larger the 
more sub -carriers have been used as an input to 
an FFT block.  

This kind of signal is ideal from the receiver 
perspective as one does not need equalizer but only 
need to compensate the channel amplitude and phase 
impact on the different subcarriers .In the receiver 
side one uses again the FFT to convert back from the 
frequency domain single signal to the time domain 
representation of multiple sub-carriers .The channel 
estimation is done based on the known data symbols 
that need to be placed periodically on parts of the 
sub- carriers. The equalizer refers to the estimator to 
cancel out the complex-valued multiplication caused 
by the frequency selective fading of the channel and 
does not present a great complexity. Also, the FFT or 
Inverse FFT (IFFT) operations are rather old 
numerical principles for which computationally 
efficient algorithms have long been developed. 
B. Multiple Input Multiple Output 

Multiple-Input Multiple-Output (MIMO) technology 
is a wireless technology that uses multiple 
transmitters and receivers to transfer more data at the 
same time. Wireless products with 802.11n support 
MIMO. This is part of the technology that allows 
802.11n to reach much higher speeds than products 
without 802.11n.MIMO technology takes advantage 
of a radio-wave phenomenon called multipath where 
transmitted information bounces off walls, ceilings, 
and other objects, reaching the receiving antenna 
multiple times via different angles and at slightly 
different times. Multipath is a natural occurrence for 
all radio sources. Radio signals bounce off objects 
and move at different speeds towards the receiver. In 
the past multipath caused i nterference and slowed 
down wireless signals. MIMO takes advantage of 
multipath to combine the information from multiple 
signals improving both speed and data integrity LTE 
uses this advantage. There are two possible options of 
MIMO that is possible in the LTE system, first 
MIMO-Transmit Diversity (MIMOTD), which uses a 
space-frequency block code (SFBC) along the lines 
of Alamouti space-time code and the other being the 
MIMO-Spatial Multiplexing (MIMO-SM). MIMO-
TD provides a means of averaging out the channel 
variation for operation at higher UE speeds or for 
delay sensitive services at both low and high UE 
speeds. Transmit diversity can be further sub-divided 
into Block-codes-based, Cyclic delay diversity, 
Frequency shift transmit diversity, and Time shift 
transmit diversity. A very simple way of realizing this 
for a 2 Tx –antenna system was developed by 
Alamouti and is popularly known as the Alamouti 
scheme . In this technique, typically the same user 
data is sent on both transmit channels with a slight 
modification to the data stream for improving t he 
probability of successfully recovering the desired 
data. MIMO-SM scheme can provide a linear 
increase in data transmission rate with the same 
bandwidth and power by transmitting multiple 
independent data streams unlike transmission 
diversity where a single data stream is always 
transmitted independently .There exist a linear 
relation between the number of transmit/receive 
antenna pairs in a MIMO and the theoretical increase 
in capacity. The concept of the operation of spatial 
multiplexing system is explained with the aid of fig. 
During the first symbol time, the first data symbol, So 
, is transmitted from the upper transmit antenna, Tx0, 
and the second data symbol, s1, is transmitted from 
the lower transmit antenna, Tx1, this occurs 
simultaneously. The data rate is therefore doubled as 
alternate symbols are transmitted from each antenna 
and each symbol is only transmitted once unlike 
STBC where redundant data symbols are sent to give 
the receiver a fair chance of recovering the 
transmitted data. 
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Fig.1. operation of spatial multiplexing 

 
At the receiving end of the transmission, the received 
signal at the upper receive antenna, Rx0, denoted by 
r0, as measured by the receiver as a combination of 
the s0 and s1 including channel effects, h00 and h01. 
Similarly, the received signal at the lower antenna, 
Rx1, denoted by r1, is measured by the receiver as a 
combination of s0 and s1 modified by the channel 
effects, h10 and h11 respectively. 
The MIMO processing block could either be a SFBC 
combiner in the case of MIMO-TD system or a 
Maximum- Likelihood (ML) Decoder in the case of 
MIMO-SM. Here it is designing the MIMO system 
with spatial multiplexing scheme. Spatial 
multiplexing (SM) multiple-input multiple-output 
(MIMO)- orthogonal frequency-division multiplexing 
(OFDM) is considered as one of the most promising 
physical-layer architectures to provide high-speed 
communications. SM-MIMO OFDM has been 
included in several next-generation standards, 
including 3GPP Long Term Evolution (LTE) .and 
IEEE 802.16m .And also this technique is analyzed 
with a different detector like zero forcing detector 
with different modulation scheme. Zero forcing 
detector will provide same result as with maximum 
likelihood detector. With lower order modulation 
scheme in this, like BPSK and QPSK in SM-MIMO 
provides better performance (diversity) than that of 
higher order.  
 
The block diagram of physical layer of LTE system is 
given in the figure below. Code words are given as a 
random matrix .Here first the data is scrambled and 
then it is given to the modulation mapper .Here the 
modulation used is QPSK .commonly used 
modulation schemes are bpsk,qpsk,16qam,64 QAM. 
Always prefer lower order modulation since it will 
give better error rate performance .Next is the 
technology that is MIMO operation .For multilayer 
transmission MIMO is using, Here the data is send as 
two layer. That is two transmission antennas and two 
receiving antennas are used .This will provide better 
diversity and better error rate performance .Layer 
mapping and pre-coding are the two processes 
involved in this MIMO processing scheme .First the 
given code word is mapped as different layers and 

pre-coding is done. Pre-coding will convert a matrix 
channel into a set of parallel independent subchannels 
and which is then suitable to convert as OFDM 
signals .Here OFDM and MIMO are combined in 
order to make the system to useful in broadband 
transmission .Resource element mapper will provide 
subcarriers for this parallel sub channels obtained 
after the pre-coding .FFT is the algorithm using here 
to obtain the subcarrier. Since OFSM is a multicarrier 
modulation scheme,we need no. of subcarriers .This 
number of subcarrier depends upon the code words 
given .After modulating cyclic prefixes are given to 
avoid inter symbol interference between adjascent 
channels .The two commonly used cyclic prefixes in 
LTE are normal(4.7µs) and extended (16.7µs).These 
OFDM signal are then directed to the antenna ports 
.The whole process is reversed at the receiving end. 
 

 
Fig.2 Block Diagram of Physical Layer of LTE 

 
III. PERFORMANCE RESULTS 
 
Performance enhancement has been done for the 
proposed system based on MATLAB simulation. In 
communication Systems, information bits are 
typically grouped into a frame or packet and 
transmitted to receiver. The received packet may be 
lost or include errors because of a noisy channel for 
transmitting the data. The bit error rate (BER) is the 
percentage of received bits that include an error. BER 
in a coded system depends on the ratio of the bit 
energy to noise spectrum density (SNR). Bit Error 
Rate (BER) is the basic parameter to access the 
quality of any digital transmission and quality 
measurement of recovered data. Using FFT approach 
as the number of subcarrier increases the better is 
accuracy due to higher number of points. Hence data 
rate will also increase with this technology. 
 

 
Fig.3. OFDM signal 
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Figure 3 shows the first four consecutive OFDM 
signals used to transmit through the channel .In order 
to use this LTE for broadband application the MIMO 
channels are converted to OFDM signals. 
 

 
 

Fig.4.Performance of MIMO-TD With BPSK Modulation 
 
Figure 4 shows the plot of BER vs SNR of MIMO 
transmit diversity (TD) scheme. Here BPSK 
modulation scheme is used .Transmit diversity will 
provide reliable transmission of data. 
 

 
Fig.5.performance of MIMO-SM with ML detection 

 
Here the figure 5 gives the BER vs SNR plot for 
MIMO spatial multiplexing scheme .Here it done 
using QPSK modulation and maximum likelihood 
detection is used at the receiving end. 
 

 
Fig.6.performance of MIMO-SM with zero forcing detection 

 
 
 
 
 
 
 
 
 

MIMO spatial multiplexing(SM) scheme with zero 
forcing detection at the receiving end is done here 
.Figure 6 gives SNR vs BER plot for MIMO-SM. 
Zero forcing detection is computationally simpler 
than maximum likelihood detection. This will also 
provide better transmission rate with better reliability. 
Here lower order modulation (BPSK) is used to 
enhance the reliability. 
 
CONCLUSION 
 
In this project performance of two MIMO techniques 
for LTE is analysed. Both transmit diversity and 
spatial multiplexing have advantages .When transmit 
diversity technique provides reliable data 
transmission spatial multiplexing provides better data 
rate. MIMO-SM with ML detection and zero forcing 
detection will give better throughput as compared to 
other diversity techniques .By using lower order 
modulation in latter that is with zero forcing detection 
will provide enhanced performance. 
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