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Abstract - This article proposal targets at estimating 3GPP
LTE, the representatives of the 4G wireless system. LTE is
recent high-speed wireless communication technique which
promises increased data rates, greater bandwidth, security
and more productive use of the wireless spectrum. An intuitive
way to enhance the total power at the transmitter and
receiver side is to use diversity. Diversity based approach on
beam forming uses multi-transceiver RF systems which
potentially increases the received signal power and allow for
higher data rates.

The crux of this proposal is an LTE MIMO system. The multi-
antenna system (MIMO) technique is used in the LTE standard
for performance parameters including higher radio access
data rates, enhanced system capacity, significant boost in
spectral efficiency, multi-antenna support, and seamless
incorporation with the existing mobile communication
systems. This proposal promises good quality signal with high
data rates.
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1. INTRODUCTION

The growth in data intensive mobile services and
applications have led to the expansion of the next generation
high-speed wireless standards to provide the data rates and
network capacity necessary to support worldwide delivery
of rich multimedia applications. In 1997, the goals declared
by the ITU IMT-2000 (International Telecommunications
Union International Mobile Telecommunication) were
implemented. Various wireless standards such as UMTS,
HSDPA, HSUPA, HSPA + (MIMO) were developed. The HSPA+
standard can reach 84Mbps rates and the use of an even
higher modulation scheme (64QAM).

2. MULTI ANTENNA SYSTEM

Multi-antenna system uses multiple Txy antenna/ multiple
Rxn antenna. By using this system, it is viable to build high-
speed wireless communication offering advanced data rates
and small error rate. Multi-antenna systems are SISO, SIMO,
MISO and MIMO systems [10-11, 17].

SIMO SYSTEM

\
—

Y

MISO SYSTEM

SISOSYSTEM
MIMO SYSTEM

Fig-1: Multi-antenna Systems (SISO, SIMO, MISO, MIMO).

2.1 SISO (Conventional Radio System)

Conventional Radio transmission systems use single antenna
for transmission and one antenna for reception [1]. In MIMO
diction, the system is called as Single Input, Single Output
(SISO) (Fig.1) system. Channel capacity is the maximal
capacity of transmission that can be achieved on a channel
given any combination of any coding scheme, transmission
or decoding scheme. The channel capacity C of this system is
given by:

Cyso = B*l0g, (L+ S/ it /sec 8

Where C is the capacity, B (in Hz) is the bandwidth of the
channel, S (in Watt) is the output signal power, and N (in
Watt) is the output noise power. Implementation of SISO is
comparatively simple and cheap. It is used in TV broadcast,
radio, personal wireless technologies such as Wi-Fi and
Bluetooth.

2.2 SIMO

In MIMO term, a system in which the number of Rxy
antennas is more than Txy antennas[2] is termed as Single
Input Multiple Output (SIMO) system, also known as Receive
diversity (Fig. 1) The simplest case consists of Txi-Rxz
antenna. The multiple receive antennas can help us get a
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stronger signal through diversity. The SIMO channel capacity
is given by,

Camo = B*log, (1+ NS/ )bit / sec @)

Where C is known as capacity, B is known as bandwidth, S/N
is known as the signal to noise ratio, n is the number of
antennas used at the receiver side. Implementation is very
simple. The signal-to-noise ratio can be improved by
employing the suitable approach in the receiver.

In Switched Diversity or Selection Diversity Technique, the
receiver chooses the best antenna to receive a stronger
signal or can merge signals from all antennas in such a way
that maximizes SNR known as Maximum Ratio Combining
(MRC) Technique. MRC is a mostly good multi-antenna
system technique when, in a fading channel, signals exhibit
equal strengths.
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Fig-2: MRC Technique

2.3 MISO

A system in which the number of Txy antennas is more than
Rxy antennas, is named Multiple Input Single Output (MISO)
system, also called Transmit diversity (Fig.1).The simplest
scenario uses Tx,-Rx; antenna (MISO, 2x1).

The redundancy coding is displaced from the mobile UE to
the base station, so this method is advantageous, easier and
cheaper to implement these technologies. Alamouti STC
(Space Time Coding), a technique employed at the
transmitter with two antennas. STC are used in order to
produce a redundant signal. It allows the message to be
transmitted by transmitting antennas at distinct times
consecutively i.e. the replica of the signal sent through
different antenna at different time. This type of delayed
transmission is called Delayed Diversity.

Fig 3 depicted the combination of spatial and temporal
signals in Space-time codes. Signal replica is added to create
the Alamouti space-time block code later. Multiplexing of the
signals s1 and s; are done in two data chains. Space-time
codes enhance the conduct and make spatial diversity
accessible. Space Frequency Coding is a frequency domain
signal processing. The MISO capacity is given by,

Cuso = B*10g, (L+NS/{ bit / sec 3)

Where, n = number of transmitting antenna in MISO systems,
C= System Capacity, B= Bandwidth of the system and S/N=

Signal to noise ratio.
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Fig-3: Alamouti Coding
2.4 MIMO

Using additional antennas at the transmitter and/or the
receiver is an efficient way of increasing the received power,
improvement in capacity and Bit Error Rates (BERs). This
represents a class of multi-antenna system referred to as
Multiple Input Multiple Output (MIMO) System. Figure 1
depicted a MIMO system which mostly consists of Txn-Rxn
antennas where N denotes number of antennas.

Among various MIMO techniques, Spatial Multiplexing
introduces a multi-antenna methodology that achieves a
linear capacity growth with the number of antennas used.
The capacity is defined as the maximizing of the mutual
information between the input and output given a power
constraint P on the total transmission power of the input,

that is Tr(K;) <P , where Tr(K.) is the trace of a
matrix K. . K is the covariance of the input C. In other

words,

C = My . 100, (Gt + (/7 )H™ K HDbits/ sz
@)

The unit bits/(sHz) represents the fact that for a bandwidth
of W, the maximum possible rate for reliable communication
is CW bits/s.
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3. SPATIAL MULTIPLEXING GAIN AND ITS TRADE-
OFF WITH DIVERSITY

By using spatial multiplexing, in general one can transmit up
to min {Txn, Rxn} symbols per time slot, where

Txn: Number of transmit antenna

Rxn: Number of receive antennas.

If TX, = RX, , one can send Rxy symbols and achieve a

diversity gain of Txn-Rxn+1. Note for Txy=Rxy , the diversity
gain will be one. On the other hand, the maximum spatial
diversity while transmitting only one symbol per time slot is
Txn*Rxn. Therefore, the advantage of a MIMO channel can be
utilized in two ways, by increasing the diversity and the
number of transmitted symbols of the system. For the case in
which transmit antenna is more than

one, TXy = RX, >1 thereisa theoretical trade-off between

the number of transmit symbols and the diversity of the
system (Fig 4). The capacity of a MIMO channel increases by
raising the SNR.

Optimal tradeoff
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Fig-4: Optimal trade-off between Spatial Multiplexing Gain
(an indication of rate) and Diversity[4]

4.LONG TERM EVOLUTION (LTE)

LTE fulfill the aim of achieving global broadband mobile
communications. The objectives include improved radio
access data rates, improved system capacity along with
spectral efficiency, reduced operating costs, flexible
bandwidth, low latency, multi-antenna support.

Table-1: Summarizes the peak data rates of various
wireless technologies.

Technology Theoretical peak data rate
(at low mobility)
GSM 9.6 Kbps
IS-95 14.4 Kbps
GPRS 171.2 Kbps
EDGE 473 Kbps
CDMA-2000(1xRTT) 307 Kbps
WCDMA(UMTS) 1.92 Mbps
HSDPA(Rel 5) 14 Mbps
CDMA-2000(1x-EV-DO) 3.1 Mbps
HSPA+Rel 6) 84 Mbps
WiMAX(802.16¢) 26 Mbps
LTE(Rel 8) 300 Mbps
WiMAX(802.16m) 303 Mbps
LTE-Advanced(Rell0) 1 Ghps

4.1 LTE (Releases 8 & 9) and LTE-Advanced
(Release 10)

LTE standard (3GPP version 8) was released in December
2008. Release 9 came in December 2009[3]. It included
features such as Multimedia Broadcast/Multicast Services
support, location services, and provisioning for base stations
that support multiple standards. LTE-Advanced (released in
December 2010) is a transformation of the original LTE
standard. It includes technologies such as carrier
aggregation, enhanced downlink MIMO, uplink MIMO, and
relays[3]. Table 1.summarizes the peak data rates of various
wireless technologies.

4.2 LTE-MIMO

Incorporation of many multi-antenna systems techniques
results in achieving high maximum data rates standards like
the LTE and its advanced standards. MIMO algorithms
exploits two main multi-antenna techniques i.e. Transmit
Diversity such as SFBC and Spatial Multiplexing with or
without delay diversity coding. On different antennas, the
relationship between Txy and Rxn resource elements is
expressed by a system of linear equations at each subcarrier.
In this system, the multiplication of the vector of transmitted
resource elements on transmitting antennas by the MIMO
channel matrix results in the vector of received resource
elements on receive antennas. As indicated by the MIMO
system of equations, so as to recover the best estimate of the
transmitted resource element at a given subcarrier, we need
not only the vector of received resource elements but also
the channel response channel state information connecting
each pair of transmitting and receive antennas.
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5.SURVEY RESULT
It has been surveyed that the capacity and data rates can be

increased by using Multi-antenna systems such as SIMO,
MISO, MIMO in spite of SISO system.

BAIRD CHARMPELS CARACITY
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Figure 5 depicts the channel capacity of MIMO with two
transmit antennas and two Receive antennas assuming a
Rayleigh fading model. It can be seen that at SNR of 20 dB, it
is possible to achieve capacity of the order of 11 bits/sec/Hz

6. CONCLUSION

This paper presents that increase in systems data rates &
performance is achieved by proper system design of MIMO
system. The capacity hikes linearly by using MIMO system at
high SNR, i.e. as Txny and/or Rxy of the MIMO system
increases their capacity increases. We have presented the
Shannon capacity formula. Different multi-antenna systems
are studied thoroughly.
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