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ABSTRACT: In wireless mobile communications, diversity techniques are widely used to reduce the effect of
multipath fading and improve the reliability of transmission without increasing the transmitted power or sacrificing the
bandwidth. The diversity technique requires multiple replicas of transmitted signals at the receiver, all carrying the
same information but with small correlation in fading statistics. Proper combination of various samples results in
greatly reduced severity of fading, and correspondingly, improved reliability of transmission. In most wireless
communication systems a number of diversity methods are used in order to get better performance.
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I. INTRODUCTION

In radio, multiple-input and multiple-output, or MIMO (commonly pronounced my-moh or me-moh), is the use of
multiple antennas at both the transmitter and receiver to improve communication performance. It is one of several
forms of smart antenna technology. Note that the terms input and output refer to the radio channel carrying the signal,
not to the devices having antennas. Pre coding is multi-stream beam forming, in the narrowest definition. In more
general terms, it is considered to be all spatial processing that occurs at the transmitter. In (single-layer) beam forming,
the same signal is emitted from each of the transmit antennas with appropriate phase (and sometimes gain) weighting
such that the signal power is maximized at the receiver input. The benefits of beam forming are to increase the received
signal gain, by making signals emitted from different antennas add up constructively, and to reduce the multipath
fading effect. In the absence of scattering, beam forming results in a well defined directional pattern, but in typical
cellular conventional beams are not a good analogy. When the receiver has multiple antennas, the transmit beam
forming cannot simultaneously maximize the signal level at all of the
receive antennas, and pre coding with multiple streams is used. Note that pre coding requires knowledge of channel
state information (CSI) at the transmitter. Spatial multiplexing requires MIMO antenna configuration. In spatial
multiplexing, a high rate signal is split into multiple lower rate streams and each stream is transmitted from a different
transmit antenna in the same frequency channel.[3] If these signals arrive at the receiver antenna array with sufficiently
different spatial signatures, the receiver can separate these streams into (almost) parallel channels. Spatial multiplexing
is a very powerful technique for increasing channel capacity at higher signal-to-noise ratios (SNR). The maximum
number of spatial streams is limited by the lesser in the number of antennas at the transmitter or receiver. Spatial
multiplexing can be used with or without transmit channel knowledge. Spatial multiplexing can also be used for
simultaneous transmission to multiple receivers, known as space-division multiple accesses. By scheduling receivers
with different spatial signatures, good separability can be assured

Il. LITERATURE SURVEY

This paper gives overview of space-time coding for Multiple-Input/Multiple-Output (MIMOQO) systems. The
performance of space-time codes for wireless multiple-antenna systems with Channel State Information (CSI) at the
transmitter has been also studied. Alamouti code is the only OSTBC that provides full diversity at full data rate (1
symbol/time slot) for two transmit antennas. [9] A noble method diversity technique for estimating the channel
performance of mobile communication signals affected by Rayleigh multipath fading phenomena is discussed. The
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performance of Alamouti scheme and Maximum ratio combining technique are evaluated under the assumption of
BPSK signals affected by reflection, diffraction and scattering environment. It is shown that in wireless MIMO system
based on Alamouti diversity technique and Maximum ratio combining technique can help to combat and mitigate
against Rayleigh fading channel and approach AWGN channel performance with constant transmit power. For this
reason, multi-antenna MIMO channels have recently become an attractive scheme means to increase quality of wireless
communications by the use of spatial diversity at both sides of the link and occupies a considerable part. [3] In this
paper, the performance investigation of EGC diversity technique is presented by comparing between co-phased and non
co-phased signals in fading channels. The numerical and simulation results reveal the significant differences of
performance only if the fading is not AWGN channel. Moreover, this paper presents both simulation and measurement
results of using non co-phase EGC diversity technique with increased antennas on limited dimension of WLAN
terminal like notebook. [10] In this paper, the diversity is used to provide the receiver with several replicas of the same
signal. Diversity techniques are used to improve the performance of the radio channel without any increase in the
transmitted power. As higher as the received signal replicas are de-correlated, as much as the diversity gains can be
achieved. Different types of Diversity schemes have their own merits and demerits so in different environment different
diversity schemes are selected. [11]

I11. DIVERSITY

Diversity Coding techniques are used when there is no channel knowledge at the transmitter. In diversity methods, a
single stream (unlike multiple streams in spatial multiplexing) is transmitted, but the signal is coded using techniques
called space-time coding. The signal is emitted from each of the transmit antennas with full or near orthogonal coding.
Diversity coding exploits the independent fading in the multiple antenna links to enhance signal diversity. Because
there is no channel knowledge, there is no beam forming or array gain from diversity coding. Spatial multiplexing can
also be combined with pre coding when the channel is known at the transmitter or combined with diversity coding
when decoding reliability is in trade-off. Spatial multiplexing techniques makes the receivers very complex, and
therefore it is typically combined with Orthogonal frequency-division multiplexing (OFDM) or with Orthogonal
Frequency Division Multiple Access (OFDMA) modulation, where the problems created by multi-path channel are
handled efficiently.[5] The IEEE 802.16e standard incorporates MIMO-OFDMA. The IEEE 802.11n standard, released
in October 2009, recommends MIMO-OFDM. Diversity is a powerful communication receiver technique that provides
wireless link improvement at a relatively low cost. Diversity techniques are used in wireless communications systems
to primarily to improve performance over a fading radio channel. In such a system, the receiver is provided with
multiple copies of the same information signal which are transmitted over two or more real or virtual communication
channels. Thus the basic idea of diversity is repetition or redundancy of information. In virtually all the applications,
the diversity decisions are made by the receiver and are unknown to the transmitter Diversity is the technique used in
wireless communications systems to improve the performance over a fading radio channel. Here receiver is provided
with multiple copies of the same information signal which are transmitted over two or more real or virtual
communication channels. Thus the basic idea of diversity is repetition or redundancy of information. In virtually all the
applications, the diversity decisions are made by the receiver and are unknown to the transmitter. Communication
through fading channels can be difficult. Special techniques may be required to achieve satisfactory performance. The
general time varying fading channel model is too complex for understanding and performance analysis for wireless
channels. One approximate channel model is the wide-sense stationary uncorrelated scattering (WSSUS). In WSSUS
model, the time-varying fading process is assumed to be wide-sense stationary random process and the signal
copies from the scatterings by different objects are assumed to be independent.[1]-[4] If the bandwidth of the
transmitted signal is small compared with (Af)c, then all frequency components of the signal would roughly undergo
the same degree of fading. The channel is then classified as frequency non-selective (also called flat fading). We
notice that because of the reciprocal relationship between (Af)c and (At)c and the one between bandwidth and
symbol duration, in a frequency non-selective channel, the symbol duration is large compared with (At)c. In this case,
delays between different paths are relatively small with respect to the symbol duration. We can assume that we would
receive only one copy of the signal, whose gain and phase are actually determined by the superposition of all
those copies that come within (At)c. On the other hand, if the bandwidth of the transmitted signal is large
compared with (Af)c, then different frequency components of the signal (that differ by more than (Af)c would
undergo different degrees of fading. The channel is then classified as frequency selective. Due to the reciprocal

Copyright to IJAREEIE DOI:10.15662/IJAREEIE.2015.0412003 9412


http://en.wikipedia.org/wiki/Diversity_Coding
http://en.wikipedia.org/wiki/Channel_state_information
http://en.wikipedia.org/wiki/Space-time_coding
http://en.wikipedia.org/wiki/Array_gain
http://en.wikipedia.org/wiki/Orthogonal_frequency-division_multiplexing
http://en.wikipedia.org/wiki/Orthogonal_Frequency_Division_Multiple_Access
http://en.wikipedia.org/wiki/Orthogonal_Frequency_Division_Multiple_Access
http://en.wikipedia.org/wiki/Orthogonal_Frequency_Division_Multiple_Access
http://en.wikipedia.org/wiki/802.16e

ISSN (Print) : 2320 - 3765
ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An ISO 3297: 2007 Certified Organization)
Vol. 4, Issue 12, December 2015

relationships, the symbol duration is small compared with (At)c. Delays between different paths can be relatively
large with respect to the symbol duration. We then assume that we would receive multiple copies of the signal. [8]

IV. MODULATION TECHNIQUES

Examples of digital modulation formats: Amplitude shift keying (ASK), Phase shift keying (PSK), Frequency shift
keying (FSK), and a hybrid combination of ASK and PSK sometimes called Quadrature amplitude modulation (QAM).
When the receiver exploits knowledge of the carrier wave’s phase reference to detect the signals, the process is called
coherent detection; when it does not have phase reference information, the process is called no coherent. In ideal
coherent detection, prototypes of the possible arriving signals are available at receiver.[6] These prototype waveforms
exactly replicate the signal set in every respect, even RF phase. During detection, the receiver multiplies and integrates
(correlates) the incoming signal with each of its prototype replicas. No coherent modulation refers to systems designed
to operate with no knowledge of phase. As phase estimation processing is not required, system complexity is reduced.
FSK modulated waves can be demodulated both coherently and non-coherently. But there cannot be no coherent PSK
because no coherent means without using phase information. However, there is a pseudo no coherent PSK technique
termed differential PSK (DPSK) that utilizes RF phase information of the prior symbol as a phase reference for
detecting the current symbol. Since signal propagation takes place in the atmosphere and near the ground, apart from
the can be defined as propagation.

Modulation Waveform Analytic

1
M
s (t)=acos(mt
.
s, (t)=a,cos(o_t +2n1—)
o [ M
Where, i=0,1 .. M; 0<t=T,

Fig 1. Different Modulation Techniques.

The effect can cause fluctuations in the received signal's amplitude, phase and angle of arrival, giving rise to
terminology multipath fading. Generally, there are two fading effects in mobile communications: large-scale and small-
scale fading. Large-scale fading represents the average signal power attenuation or path loss due to shadowing effects
when moving over large areas. On the other hand, small-scale fading refers to the dramatic changes in signal amplitude
and phase that can be experienced as a result of small changes (as small as a half-wavelength) in the spatial separation
between a receiver and transmitter. Small-scale fading is also called Rice fading because the envelope of received
signal can be represented by a Rice pdf. To understand and compare different modulation format efficiencies, it is
important to understand the difference between bit rate and symbol rate. The signal bandwidth for the communications
channel depends on the symbol rate or also known as band rate.

Symbol rate=Bit rate/ Number of bits transmitted per symbol
Bit rate is the sampling frequency multiplied by the number of bits per sample. For example, a radio with an 8-
bit sampler is sampled at 10 kHz for voice. The bit rate, the basic bit stream rate in the radio, would be 8 bits multiplied

by 10k samples per second giving 80 kbps. In this example, extra bits required for synchronization, error correction, etc
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are ignored for simplicity. In GMSK, only one bit can be transmitted for each symbol. Thus, the symbol rate for this
modulation technique is 80 kbps. However, high data rate like 8-PSK, as it will be reviewed in the next section, can
transmit 3 bits per symbol. Thus, the symbol rate, if this modulation scheme is employed, is 26.7 kbps. The symbol rate
for 8-PSK is three times smaller than that of GMSK. In other words, 8-PSK or any high order (M) modulation scheme
can transmit same information over a narrower piece of RF spectrum. BER is a performance measurement that
specifies the number of bit corrupted or destroyed as they are transmitted from its source to its destination. Several
factors that affect BER include bandwidth, SNR, transmission speed and transmission medium. SNR is defined as the
ratio of a signal power to noise power and it is normally expressed in decibel (dB). The mathematical expression of
SNR is
SNR= 10logy, (Signal Power)/ Noise Power Db

V. SIMULATION RESULTS

1) Channel Capacity of MIMO:
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Fig 2. Channel Capacity of MIMO

From the above graph, we can say that, as the SNR increasing the Speed of the data transmission is increase as compare
to SISO. The physical antenna spacing are selected to be large; multiple wavelengths at the base station. The antenna
separation at the receiver is heavily space constrained in hand sets, though advanced antenna design and algorithm
techniques are under discussion. Recently, the research on multi-user MIMO technology has been emerging.

2) No. of Antenna Vs SNR for EGC:
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Fig 3. No. of Antenna Vs SNR for EGC

Copyright to IJAREEIE DOI:10.15662/IJAREEIE.2015.0412003 9414


http://en.wikipedia.org/wiki/Wavelengths

/4
o

2 areeie i ISSN (Print) : 2320 — 3765

‘. ' .f ; ISSN (Online): 2278 — 8875

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering
(An ISO 3297: 2007 Certified Organization)
Vol. 4, Issue 12, December 2015

From the above graph, we can say that, as the No of Antenna increase then the SNR is increase with Equal gain
combining Technique.

3) No. of Antenna Vs SNR for MRC:
BER for BPSK modulation with Maximal Ratio Combining in Rayleigh channel
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Fig 4. No. of Antenna vs. SNR for MRC.

From the above graph, we can say that, as the No of Antenna increase then the SNR is increase with Maximum ratio
combining Technique as compare to Equal Gain combining.

4) SNR Vs BER for 16-QAM(MIMO)[Transmitter=2,Receiver=4]:
MIMO Tx=2, Rx=4, 16-QAM
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Fig 5. SNR Vs BER for 16-QAM (MIMO)[Transmitter=2,Receiver=4]

Here, with 16-QAM Modulation technique, SNR is increase then SER is Decrease in the case when Tx=2 & Rx=4.
(MIMO)
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5) SNR Vs BER for 16-QAM (MIMO) [Transmitter=8,Receiver=12]:

4 MIMO: TX=8,RX=12, 16-QAM
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Fig 6. SNR Vs BER for 16-QAM (MIMO) [Transmitter=8, Receiver=12]

Here the Receiver Antenna is increase. With 16-QAM Modulation technique, SNR is increase then SER is Decrease in

the case when Tx=8 & Rx=12. (MIMO).

6) SNR Vs BER for 16-QAM with Selection Combining Technique No of Antenna:
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Fig 7. SNR Vs BER for 16-QAM with Selection Combining Technique No of Antenna

The SNR Vs BER for 16-QAM with Selection Combining Technique & Equal Gain Combining with increasing No of
Antenna. The SER is more decrease in the case of EGC as compare to Selection combining Technique.
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7) SNR Vs BER for 16-QAM with Equal Combining Technique No of Antenna:
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Fig 8. SNR Vs BER for 16-QAM with Equal Combining Technique No of Antenna

SNR Vs BER for 16-QAM with Selection Combining Technique & Equal Gain Combining with increasing No of
Antenna. The SER is more decrease in the case of EGC as compare to Selection combining Technique. This makes
EGC more efficient over selection combining techniques.

8) Comparison SNR Vs BER for 16-QAM with Selection Combining Technique, Equal Gain Combining & Maximum
Ratio Combining:
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Fig 9. Comparison SNR Vs BER for 16-QAM with Selection Combining Technique, Equal Gain Combining &
Maximum Ratio Combining.
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This Graph shows the SNR Vs BER for 16-QAM with Selection Combining Technique, Equal Gain combining &
Maximum Ratio Combining. Here the SER is much decrease with MRC as compare to other three techniques. There is
highest SER in selective combining and if there is less number of antennas to be used.

VI. CONCLUSION

The focus was comparing the performance of the three techniques in terms of the complexity and improvement in SNR.
Figure 9 plots the improvement in SNR as a function of the number of elements. As expected the best improvement is
for the maximal ratio combiner, while the worst is for the selection diversity technique. Note that the improvement in
the case of equal gain combining is comparable to that of maximal ratio combining. In terms of the required
processing, the selection combiner is the easiest - it requires only a measurement of SNR at each element, not the phase
or the amplitude, i.e., this combiner need not be coherent. Note, however, that the results presented use a coherent
receiver (the phase of channel is removed after the fact). Both the maximal ratio and equal gain combiners, on the
other hand, require phase information. The maximal ratio combiner requires accurate measurement of the gain too.
This is clearly difficult to implement, as the dynamic range of a Rayleigh fading signal may be quite large. For this
additional cost, for two elements, the MRC improves performance by about 0.6dB over the equal gain combiner at a
BER of 1%. This section suggests that receiver diversity combining technique using the modulation techniques are
MSK & GMSK.
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