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ABSTRACT

In this paper we have presented an overview of MIMO systems in Wireless communication systems which are
the breakthrough in wireless communication technology nowadays. MIMO systems are used to improve the
noise and interference performances of a channel. In this paper, the use of MIMO systems to improve channel
capacity and BER is also highlighted. The discussion then proceeds further towards the advancements in this
technology in modern scenario which includes merger of OFDM with MIMO. By the use of MIMO-OFDM, very
high data rates are achieved.
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l. INTRODUCTION

Multiple Input Multiple Output (MIMO) systems are a natural extension of developments in antenna
array communication. MIMO systems consist of multiple transmitting antennas at the transmitter and
multiple receiving antennas at the receiver. The advantages of MIMO communication, which exploits
the physical channel between many transmit and receive antennas, are currently receiving significant
attention.

MIMO systems provide a number of advantages over single-antenna-to-single-antenna
communication. Sensitivity to fading is reduced by the spatial diversity provided by multiple spatial
paths. Under certain environmental conditions, the power requirements associated with high spectral
efficiency communication can be significantly reduced by avoiding the compressive region of the
information-theoretic capacity bound. Here, spectral efficiency is defined as the total number of
information bits per second per Hertz transmitted from one array to another.™

Impressive improvements in capacity and bit error rates (BERs) have increased the recent interest in
multiple-antenna systems. Along with the gains, however, comes a price in hardware complexity. The
radio front end has complexity, size and price that scale with the number of antennas. It is possible to
alleviate this cost and at the same time capture many of advantages of MIMO systems by a technique
known as antenna selection.

Capacity of the channel increases linearly with signal-to-noise ratio (SNR) at low SNR, but increases
logarithmically with SNR at high SNR. In a MIMO system, a given total transmit power can be
divided among multiple spatial paths, driving the capacity closer to the linear regime for each mode,
thus increasing the aggregate spectral efficiency [6, 7]. MIMO systems enable high spectral efficiency
at much lower required energy per information bit. The graph of channel capacity versus no. of
antenna elements is shown in figure 1. From the graph, it is clear that MIMO capacity has linear
relationship while SIMO/MISO capacity has logarithmic relationship with the number of antenna
elements. Thus, making MIMO, the subject of discussion for efficient wireless communication.
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Fig. 1: Graph showing the variation of channel capacity with number of antenna elements.

Il. SYSTEM MODEL

It is common to represent the input/output relations of a narrowband, single-user MIMO link by the
complex baseband vector notation
y=Hx+n ...(1)

where X is the (nTx1) transmit vector, y is the (nRx1) receive vector, H is the (nRxn) channel matrix,
and n is the (nRx1) additive white Gaussian noise(AWGN) vector at a given instant in time.
Throughout the paper, it is assumed that the channel matrix is random and that the receiver has perfect
channel knowledge. It is also assumed that the channel is memory less, i.e., for each use of the
channel an independent realization of H is drawn. Figure 2 shows the general working of an NxM
MIMO system. At the input of a communication system, discrete source symbols are mapped into a
sequence of channel symbols. The channel symbols are then transmitted or conveyed through a
wireless channel that by nature is random (as shown in figure 3). In addition, random noise is added to
the channel symbols. In general, it is possible that two different input sequences may give rise to the
same output sequence, causing different input sequences to be confusable at the output.

X, — T j W —
K."—‘ Tx? J/ Ry ? —1/

Xy —— TxM j \L RN —Vy

Fig. 2: An NxM MIMO System

To avoid this situation, a non-confusable subset of input sequences must be chosen so that with a high
probability, there is only one input sequence causing a particular output. It is then possible to
reconstruct all the input sequences at the output with negligible probability of error.?l A measure of
how much information that can be transmitted and received with a negligible probability of error is
called the channel capacity. A general block diagram of an NxM MIMO system is shown in figure 3
where N represents number of receive antennas while M represents number of transmit antennas. In
the figure, X1, X2 . . . Xm are the symbols to be transmitted by 1%, 2", . .. M™ transmitting antenna and
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Y1, Y2, . . . Yn are the symbols received by 1%, 2" ... N™ receiving antenna respectively at the
transmitter and receiver sides.

7

| *2 | MIMO

e IEEE—

V1
|
[ ]
channel [ _ J
YN

Fig. 3: General Block Diagram of an NxM MIMO System

I1l.  DISCUSSION

Regarded as a breakthrough in wireless communication system design, multiple antenna systems fuel
the ever increasing data rate requirements of advanced technologies like LTE, WLAN etc.

The use of MIMO systems in wireless communications have led us to overcome several problems
related to wireless communication like fading, multipath, etc. The concept of spatial diversity is used
to increase the reliability of data and spatial multiplexing is used to increase the data rates of the
communication channels. There is usually a primary (direct) path from transmitter to receiver and
some of the transmitted signals take other paths to the receiver like bouncing off objects, ground or
layers of atmosphere. The signals traversing indirect path arrives at the receiver with a delay and often
gets attenuated. A common strategy for dealing with weaker multipath signals is to ignore them but
the energy in this case is wasted. The strongest multipath signals may be too strong to ignore and also
can degrade the performance of the wireless equipment. The strongest signal in each moment in time
is received and adds different delays to received signals to force the peaks and troughs back to
alignment this concept is used in MIMO and thus MIMO takes advantage of multipath. Multipath
occurs when the different signals arrive at the receiver at various times.

Instead of increasing data rate or capacity, MIMO can also be used to exploit diversity. Transmit
diversity schemes are already known from WCDMA release 99 and will also form part of LTE as one
MIMO mode. In case the channel conditions do not allow spatial multiplexing, a transmit diversity
scheme will be used instead, so switching between these two MIMO modes is possible depending on
channel conditions. Transmit diversity is used when the selected number of streams (rank) is one. The
same data is coded and transmitted through different antennas which effectively double the power in
the channel. This improves SNR for cell edge performance.

In MIMO systems the trade-off exists between the spatial multiplexing and the spatial diversity. Pure
spatial multiplexing allows for full independent use of the antennas. However, it gives limited
diversity benefit and is rarely the best transmission scheme for a given BER (Bit Error Rate) target.®!
The possibility of a linear capacity growth with the number of antennas is good, especially knowing
that increased power (SNR), coding the symbols within a block can result in additional coding and
diversity gain, which can help improve the performance and robustness, even though the data rate is
kept at the same level. It is also possible to sacrifice some data rate for more diversity.[“

IVV. ADVANCEMENTS IN MIMO

OFDM is a key technology which stands for Orthogonal Frequency Division Multiplexing. It is a
method of encoding digital data on multiple carrier frequencies. It is a specialized FDM (Frequency
Division Multiplexing) in which all carrier signals are orthogonal to each other. This technology is
employed in 4G wireless systems such as for instance LTE (Long Term Evolution) is 4G cellular
standards. Another competing 3.75G standard is WiMAX (Worldwide Interoperability for Microwave
Access). These both are dominant standards and both of these are based upon OFDM. Another
standard is LTE-A (Long Term Evolution Advanced) is also based on OFDM. So, OFDM is a key
wireless broadband technology. Here, by broadband it means that a wireless system which has a large
bandwidth which means that OFDM is a broadband technology which operates on a huge bandwidth
or a very large band for example a GSM system has a bandwidth of 200kHz but an OFDM system can
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have a bandwidth of 20MHz. Since it has a large bandwidth therefore naturally the data rates are
higher and the higher data rates are used in 3G & 4G wireless systems. These higher data rates are of
the order of hundreds of Mbps. So LTE and LTE-A which are based on OFDM are operated thereby
at cellular systems and can enable very high data rates, this is possible because of OFDM.P!
Considering a communication system has bandwidth (B) and a single carrier of certain frequency.
Now for instance if B=10MHz. So, this is a broadband system of bandwidth 10 MHz. The

communication system that is implemented over this bandwidth has a symbol time (T) given by:
1

T=< .2
. 1
" 10 % 10°
T=0.1ps

However, the delay spread (Tq) is defined as the difference between the time of arrival of the earliest
significant multipath component (typically the line-of-sight component) and the time of arrival of the
latest multipath components. Tq of a wireless system is approximately 2-3us. Therefore, symbol time
is much less than delay spread. Here, delay spread is 20 times that of symbol time.

As from the property of wireless channel that when delay spread is larger than the symbol time this
leads to a problem of ISI (Inter Symbol Interference). So, symbol time (T) has inverse relation with
bandwidth (B) means more is the bandwidth of the channel, lesser is the symbol time and if this T is
less than T this leads to a problem of ISI. When interference occur this leads to a degradation or loss
of performance for wireless communication system. Therefore ISI leads to degradation in
performance and this is a significant challenge in broadband wireless system. In order to overcome
this problem instead of taking the entire bandwidth (B) it is split into sub bands (smaller bands).
Earlier, there was single carrier and now there are multiple carriers in each sub band and this is termed
as subcarrier. If it is assumed that bandwidth (B) is split into N sub bands then bandwidth of each sub
band (Bs) is given by:

Bs= B/N...(3)
For example: If B = 10 MHz and N = 1000 then bandwidth of each sub band is,

5= 1°M‘32 — 10000 = 10kHz

Also, symbol time of each sub band (Ts) is given by,
1 N

Ts= BN-B 4)

S:10kHZ = 100|,LS

Now, if this symbol time of each sub-band (Ts) is compared with delay spread (Tq) then Ts is much
greater than Ty Therefore, there is no Inter Symbol Interference (ISI) in this system which has
multiple sub bands and subcarrier in each band and such a system is called as Multi Carrier
Modulated (MCM) system. This system is the basis of OFDM system.

The use of OFDM modulation with in MIMO-structured systems creates a strong system that has the
ability to successfully reject fading and fulfils the need for high throughput. The increased capacity of
MIMO channels can be translated into increased throughput provided that proper coding is done prior
to transmission.

V. CONCLUSION

MIMO will ultimately benefit every major wireless industry including mobile telephones, wireless
LAN industries and many other industries as well. Also, LAN industry is leading the way in mobile
innovations. That is why MIMO-OFDM is the foundation of all proposals for the IEEE 802.11n
standard MIMO-OFDM. For the same throughput, MIMO-OFDM achieves a range that is about 3
times larger than non-MIMO systems. This significant improvement in range-rate performance makes
MIMO-OFDM the ideal solution not only for wireless LAN, but also for home entertainment
networks and 4G networks).The areas where MIMO techniques add significant value to wireless
system includes WLAN — WiFi 802.11n, Mesh Networks (e.g., Muni Wireless), WMAN — WiMAX,
4G, Cellular, RFID, Mobile satellite TV, Satellite radio, Digital Home. In general, MIMO exploits
the multipath by spatial diversity as well as spatial multiplexing techniques. The improvement in
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wireless communication performance, at no cost of extra spectrum (only hardware and complexity are
added), is largely responsible for the success of MIMO as a topic for new research and hence it is
considered as an independent subject. The MIMO multiplies speed to deliver high bandwidth
application such as streaming multimedia.
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