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ABSTRACT

In wireless communications, diversity techniques are widely used to reduce the effects of multipath fading and improve the reliability of transmission without increasing the transmitted power or sacrificing the bandwidth. For spectral efficiency and improved Bit Error Rate, diversity provides an attractive option. Providing different replica of transmitted signal to the receiver is called diversity. There are many diversity techniques and among them space diversity technique is taken into main consideration in this thesis.

During the detail study of Space Diversity one of the main reference paper was Sivash M. Alamouti ‘A Simple Transmit Diversity Technique For Wireless Communication’ 1998. This paper gives the possibility of transmit diversity with the use of BPSK as a modulation technique and Rayleigh as a fading model. Higher modulation technique such as QPSK is bandwidth efficient technique over BPSK and other fading model such as Ricean also exist in the environment. Rayleigh fading model is used when there are many objects in the environment where the signal is transmitted, resulting in the scatter of the signal before arriving at the receiver end. If the environment is such that, there is a presence of dominant path  along with scattering between transmitter and receiver, then such situation is better modeled with Ricean fading model. Implementation of QPSK modulation technique and Ricean fading model along with the essential finding of this paper will be a additional benefit in space diversity technique. Simulated result shows that bandwidth efficient  result with slightly higher BER in both receive diversity and transmit diversity is obtain from QPSK and very much low BER is obtain in Ricean fading model than that of  the Rayleigh fading model which was proposed in the paper. 
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Chapter 1
Introduction
1.1 Background
With the advent in modern wireless technology and increased customer base, quality of service has been a top priority for wireless communication vendors and operators. In order to provide seamless coverage with minimal error rates, there seems to be two possible options. One is to increase the transmitted power and the other is to increase the bandwidth. Transmitted power is invariably controlled by regulatory bodies and bandwidth is and has always been a precious commodity. In order to tackle this problem diversity techniques offer an attractive alternative to significantly reduce bit error rates for seamless wireless coverage.
Diversity technique requires multiple replicas of the transmitted signals at the receiver, all carrying the same information but with small correlation in fading statistics. The basic idea of diversity is that, if two or more independent samples of a signal are taken, these samples will fade in an uncorrelated manner. This means that the probability of all the samples being simultaneously below a given level is much lower than the probability of any individual sample being below that level [1]. 

Diversity can be achieved at the receiving side by increasing the number of receiving antenna but there are different complexities in doing so. It is difficult to increase number of antenna in mobile set as the size of mobile set is becoming more compact and handy. Transmit diversity would be the ultimate solution and the possibility of this diversity come into the lime light after the scheme proposed in [2]. His scheme was one of the major breakthroughs in wireless communication in tackling multipath fading. Rayleigh was the fading model and the BPSK was the modulation scheme used in his paper.

 Binary Phase Shift Keying (BPSK) uses two phases which are separated by 180°. One drawbacks of BPSK is that it can only able to modulate at one bit/symbol and so is inappropriate for high data-rate applications when bandwidth is limited. Quadrature phase shift keying (QPSK) uses four points in constellation diagram, each point is equispaced around a circle. By using four points or four phases, it can encode two bits per symbol. Hence the benefit can be obtain to get double the data rate than that of the BPSK by maintaining same bandwidth or the advantage of bandwidth reduction  to halve, by maintaining the same data rate as that of BPSK. Observing this advantage, implementation of QPSK will be a good modulation technique in this scheme. 
Rayleigh fading model is used when there are many objects in the media where the signal is transmitted, resulting in the scatter of the signal before arriving at the receiver end. This scattering of signal is due to attenuation, reflection, refraction, and diffraction of the signal from high buildings present in metropolitan city where there isn’t presence of strong line of sight. This model assumes that the magnitude of signal that has passed through such environment will vary randomly according to a Rayleigh distribution.  
In some propagation scenarios, such as satellite or microcellular mobile radio channels, there are essentially no obstacles on the line-of-sight path. The received signal consists of a direct wave and a number of reflected waves. The direct wave is a stationary nonfading signal with constant amplitude. The reflected waves are independent random signals. Their sum is called the scattered component of the received signal [1]. A Ricean channel model is used in systems where there is a significant amount of line of sight (LOS). Inspired by the fact that there exists a strong line of sight (LOS) in some wireless communication systems, the diversity techniques are implemented using a Ricean channel model and their performance is compared along with the Rayleigh channel.
1.2  Objective
The objectives of the thesis are:
· Simulation of receive and transmit diversity in BPSK and Rayleigh fading model as proposed in [2] as a basic requirement for the thesis work.
· To use higher modulation technique QPSK for bandwidth efficiency than that of BPSK.
· To use Ricean Fading model and find the possibility of using Alamouti scheme other than Rayleigh Fading model as used in the paper.

1.3 Methodology
Monte Carlo simulation techniques are a class of computational algorithms that rely on repeated random sampling to compute their results. It can handle every complex and realistic system but has to repeat for each decision point. Thesis work is completely simulation based and need Monte Carlo simulation technique. For simulation purpose Matrix Laboratory (MATLAB) is used. MATLAB is a high-level language and interactive environment that enables to perform computationally intensive tasks faster than with traditional programming language. MATLAB is a numerical computing environment and fourth generation programming language. MATLAB allows  matrix  manipulation, plotting of  functions and data, implementation of algorithms, creation of user interfaces, and interfacing with programs in other languages. C programming is also used for the generation of the matrix for noise and channel and transmitting the symbol and receiving the signal using combining scheme.  
CHAPTER 2
Literature Review 
2.1  Wireless communication and the diversity technique 
Wireless communication is the transfer of information over a distance without the use of electrical conductors or wire. Wireless Communication is one of the most energetic areas in this ever going field of communication. Recent advances in wireless communication systems have increased the throughput over wireless channels and also the reliability. Hence people are using wireless communication more often. Main advantage of wireless communication is portability, mobility and accessibility.  Although wired communication brings more stability, better performance and higher reliability, it comes with the necessity of being restricted to a certain location.  Therefore, there is always a desire of getting rid of these wires [3].
 Two fundamental aspects of wireless communication that make the problem challenging and interesting are fading and interference. These aspects are not significant in wire line communication. Fading can be defined as the variation of channel strength over time and frequency. The variation can be divided into two parts as large scale fading and small scale fading. Large scale fading is due to the path loss of signal as a function of distance and shadowing by large objects such as buildings and hills. This is typically frequency independent. Small scale fading is due to the constructive and destructive interference of multiple signal paths between the transmitter and receiver [4].
Variations in the received signal from various components of the transmitted signal that are propagated over different paths are known as multipath fading. So the multipath fading must be handled properly in order to minimize its effect. One solution for minimizing this problem is to increase transmit power but increasing transmit power is a difficult solution because of different constraints. Very useful solution comes from the concept of diversity.  Diversity is used where two or more inputs at the receiver are used to get uncorrelated signals [5]. Previously in conventional wireless communications, a single antenna is used at both the source and the destination.  Such configuration gives rise to problems due to multipath effects. During the transmission, when the signal is obstructed by hills, buildings etc they are scattered, and thus takes many paths to reach to the destination. The delayed arrival of scattered portions of the signal causes problems such as fading and discontinuous reception. In data transmission system such as wireless internet, data speed is reduced and number of error is increased. The use of two or more antennas at the source and the destination eliminates the trouble caused by multipath wave propagation. In particular, researchers have shown that schemes with multiple antennas on both sides can tremendously enhance the system throughput, reliability and coverage, without the necessity of extra power and bandwidth [10].
2.2 Different type of diversity technique 
2.2.1 Time Diversity 
When different time slots are used for diversity; it is called time diversity. Independent fades can be obtain if  two time intervals separated for more than the coherence time and with this fact different copies of transmitted signal are send through separated time slot. These phenomena of time diversity can be described as using a repetition code. Signals representing the same information are sent over the same channel at different times is time diversity and it is used in such type of system that suffers from burst error.
2.2.2 Space Diversity  
The concept of space diversity is that the antenna should be spaced far enough apart so that different received copies of the signal undergo independent fading, so that at least any one of the copy of signal may not suffer from deep fading. In space diversity no additional work is required on the transmission end, and no additional bandwidth or transmission time is required but the physical constraints which are associated with it may limit its applications. This feature of space diversity completely differ it from frequency diversity and time diversity. The spacing is an important factor in space diversity [4]. Fading is different at different points on the earth, so two antennas placed a few wavelengths, apart will have uncorrelated fading and this is the fact of space diversity. 
2.2.3 Pattern Diversity 
In pattern diversity there are of two or more co-located antennas, but this co-located antenna has different radiation pattern. Directive antennas are used in this type of diversity scheme that are usually physically separated from distance apart. Compared to that of single omni directional antenna, it can provide higher gain.

 2.2.4 Frequency Diversity
Fading are different at different frequencies so frequency diversity is used. Different carrier frequencies are used to transmit the signal copies. To achieve diversity, the carrier frequencies should be separated by more than the coherence bandwidth of the channel. Frequency diversity suffers from bandwidth deficiency because different frequency is use to transmit the replica of signal. Frequency means bandwidth which is very precious. Also the receiver needs to tune to different carrier frequencies [11].
2.2.5 Polarization Diversity 
Signals can go through multiple reflections, resulting in the change of polarization of transmitted signal due to transmission media. By utilizing two complementary polarizations, this diversity scheme can minimize a system from polarization mismatches. This reduces the signal fading caused by polarization mismatch. Polarization diversity has proven valuable for mobile communication base stations because of the fact that base station are susceptible to the near random orientations of transmitting antennas. Normally polarization is used in mobile base stations with radiating element separated by 900 apart.
2.2.6 Angular Diversity
Angular diversity uses directional antennas to achieve diversity so that the different copies of the transmitted signal are collected from different angular directions. This different signal collected from different angles travels different path and all signal will not suffer from deep fading. Unlike multiple antennas, it doesn’t need separate physical locations like using multiple antennas so it is also very good for small devices [11]. An angular-diversity radiating system is described for troposphere-scatter radio links.
2.3 Space time coding
Space-time coding is a coding technique designed to be use with multiple transmit antennas. Coding is performed in both spatial and temporal domains to introduce correlation between signals transmitted from various antennas at various time periods. The spatial-temporal correlation is used to exploit the MIMO channel fading and minimize transmission errors at the receiver. Space-time coding can achieve transmit diversity and power gain over spatially uncoded systems without sacrificing the bandwidth [1]. There are various approaches in coding structures but the key issue in all these schemes is the exploitation of multipath effects in order to achieve high spectral efficiencies and performance gains.
Space time coding (STC) rely on transmitting multiple, redundant replica of a signal to the receiver. Multiple, redundant copies is sent so that, all of them fade simultaneously and few of them may survive the physical path  in a good enough state so that reliable decoding is possible. By the use of multiple transmit antenna space–time code (STC) improve the reliability of data transmission in wireless communication systems.
Space–time coding is a communications technique for wireless systems that employ multiple transmit antennas and single or multiple receives antennas. Information theory has been used to demonstrate that multiple antennas have the potential to dramatically increase achievable data rates. Space–time codes realize these gains by introducing temporal and spatial correlation into the signals transmitted from different antennas. There is, in fact, a diversity gain that results from multiple paths between base station and mobile terminal, and a coding gain that results from how symbols are correlated across transmit antennas. Significant increases in throughput are possible with only two antennas at the base station and one or two antennas at the mobile, and with simple receiver structures. The second antenna at the mobile terminal can be used to further increase system capacity through interference suppression [8]. This article provided in [8] is an overview of space–time coding techniques and the associated signal processing framework for narrowband and broadband wireless communications.
The main objective of space-time codes is to achieve the maximum possible diversity. Space-time codes provide a diversity gain equal to the product of the number of transmit and receive antennas. An effective and practical way to approach the capacity of multiple-input multiple-output (MIMO) wireless channels is to employ space-time (ST) coding [9].  

2.4 Multiple-Input Multiple-Output (MIMO)
Wireless technique supports wide range of application, while supporting these applications it poses a significant technical challenge. Physical properties such as ambient noise, propagation losses, multipath and interference impose a vital challenge in wireless communication channel. Increasing  demand  for  higher  data  rates,  better  quality of service,  and  higher  network capacity are always additional challenges in this  field. To meet these needs there is a requirement for new techniques that improve the spectral efficiency and increase the reliability of system. 
One of the technologies which is emerging in these days to provide these capabilities is Multiple-Input Multiple-Output (MIMO). A MIMO system uses multiple antenna elements in both transmitter and receiver. Signals are transmitted from the transmitter antenna array simultaneously and then travel through the wireless channel. These signals are then received at the receiver antenna array which combines the signals in such a way that the quality of the communication in terms of BER and data rate is significantly improved for each MIMO user. Transmitting data on multiple signal paths increases the amount of information transferred in a system. Therefore, the system is able to handle more information and at a faster rate than a single-input single-output (SISO) scenario with a single path. 
MIMO systems are based on a space-time signal processing architecture where time is complemented with space or distance which is obtained from the spatial distribution of antennas in the transmitter as well as the receiver. 
An interesting feature of MIMO is that it exploits the multipath scenario, a drawback of wireless transmission communication, to its advantage.  MIMO benefits from it by transmitting data on multiple signal paths which increases the amount of information transferred in a system which in turn increases the number of users it can serve. Multiple-input multiple-output (MIMO) architecture has emerged as a popular solution to the nonstop search for increased capacity in modern wireless communication systems. It promises  enormous  capacity  with  a  marginal  increase  in  cost  and  complexity.  This technology is now poised to penetrate large-scale commercial wireless products and networks  such  as  broadband  wireless  access  systems,  wireless  local  area  networks (LAN), third-generation (3G) networks and beyond.
2.5 Diversity Combining Scheme 

2.5.1 Selection Combining 
Selection Combining technique is the simplest diversity technique. The receiver having the highest instantaneous SNR is connected to the demodulator. It selects the best signals among all of them. Practical selection diversity cannot function on a truly instantaneous basis, it must be designed so that the internal time constant of the circuit is shorter than the reciprocal of the signal fading [6].

Figure.2.1 Block diagram of Selection Combining

2.5.2 Feedback or Scanning Combining 

In feedback combining, all signals are scanned in a fixed sequence until one is found to be above of predetermined threshold [6]. Signal is then received until it falls below threshold and scanning process again starts after signal lies below threshold level.


Figure 2.2 Block Diagram of Feedback or Scanned combining scheme

2.5.3 Maximal Ratio Combining

In Maximal Ratio combining each signal branch is multiplied by a weight factor that is proportional to the signal amplitude. That is, branches with strong signal are further amplified, while weak signals are attenuated. Individual signal are co-phased before being summed. This combining scheme produces an SNR output equal to the sum of individual SNR [6].

Figure 2.3 Block Diagram of Maximal Ratio Combining

CHAPTER 3
Research Methodology
3.1 Classical Receive Diversity Scheme
At a given time, a signal is sent from the transmitter. The channel including the effects of the transmit chain, the airlink, and the receive chain may be modeled by a complex multiplicative distortion composed of a magnitude response and a phase response. The channel between the transmit antenna and the receive antenna zero is denoted by ho and between the transmit antenna and the receive antenna one is denoted by h1 [2].

Figure 3.1 Two branch classical Maximal-Ratio Receive Combining (MRRC) Scheme 
The channel transfer functions h0 and h1 are expressed as
  h0 =
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Noise and interference are added at the two receivers. The resulting received baseband signals are

r0=h0s0+n0
r1=h1s1+n1
The received vector is expressed as
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where n0 and  n1 represent complex noise and interference and assume as Gaussian distribution.
The receiver combining equations for the two branches MRRC is as follows
S0=h0*r0+h1* r1
   = h0* (h0S0+ n0) + h1* (h1S0 + n1)
    = (α02 + α12)S0 + h0* n0+ h1* n1................................................................equation(3.1)
The Euclidean distance is used for the detection purpose where xi is chosen whenever the following condition is satisfied.

d2 (xi , y) <= d2 (xk ,y) for all i ≠ k

Where, d2 (x, y) = (x - y) (x*-y*)

In case of the two branch MRRC 

SO= (α02 + α12)s0 + h0* n0+ h1* n1 ……………………………………………………………equation(3.2)
si  is chosen if,

d2 (s0, (α02 + α12)si )<= d2 (s0, (α02 + α12)sk )
If signals are equal constellations (i.e. for PSK signals)

d2(s0, si ) <= d2(s0, sk) for all i ≠ k

3.2 The New Transmit Diversity Scheme
The scheme uses two transmit antennas and one receive antenna and may be defined by the following three functions:

• The encoding and transmission sequence of information symbols at the transmitter
• The combining scheme at the receiver
• The decision rule for maximum likelihood detection.

Figure 3.2 New transmit diversity scheme with one receiver two-branch 
Encoding and Transmission sequence
Two signals are simultaneously transmitted from the two antennas at a given symbol period. The signal transmitted from antenna zero and antenna one is denoted by S0 and  S1 respectively . During the next symbol period signal -S1* i.e. negative conjugate of S1 is transmitted from antenna zero, and S0* conjugate of signal S0 is transmitted from antenna one. Transmission of the sequence is shown in Table 3.1.
	
	    ..t+3T
	   t+2T
	       t+T
	     T

	Antenna 0
	     -S3*
	     S2
	     -S1*
	     S0

	Antenna 1
	      S2*
	     S3
	      S0*
	     S1


Table 3.1 Symbol transmitted in Alamouti Scheme 

In this table the encoding is done in  space–time coding. The encoding can also be done in space and frequency. Instead of two adjacent symbol periods, two adjacent carriers may be used which is known as space–frequency coding.
The fading is assumed to be constant across two consecutive signals. The received signal is then expressed as

r0=r(t)=h0S0+h1S1+n0.................................................................................equation (3.3)
r1=r(t+T)=-h0S1*+h1S0*+n1........................................................................equation (3.4)
The combining Scheme:

The combining scheme is used as shown in equations (3.5) and (3.6)
S0=h0*r0+h1r1*............................................................................................equation (3.5)
S1=h1* r0-h0r1*............................................................................................equation (3.6)
The Maximum Likelihood Decision Rule
The resulting combined signals in equation (3.5) and (3.6) are equivalent to that obtained from two-branch MRRC in equation (3.1). The only difference is phase rotations on the noise components which do not degrade the effective SNR. Hence the New diversity scheme i.e. new two-branch transmit diversity scheme with one receiver is equal to that of two-branch MRRC.

These combined signals are then sent to the maximum likelihood detector which, for each of the signals and uses the decision rule expressed in as
 d2 (s0 , si) <= d2 (s0 ,sk) for all i ≠ k

Implementing the above decision rule, Si is chosen whenever

d2(SO , (α02+ α12) Si ) <= d2(SO , (α02 + α12) Sk)
which is equivalent to two-branch MRRC.
3.3 Two branches transmit diversity with M antennas:
There may be applications where a higher order of diversity is needed and multiple receive antennas at the remote units are feasible. In such cases, it is possible to provide a diversity order of 2 with two transmit and receive antennas [2].
Figure 3.3 The new two-branch transmit diversity scheme with two receivers.

	
	Rx antenna 0
	Rx antenna 1

	Tx antenna 0


	h0
	                h2

	Tx antenna 1

	h1
	                h3


Table 3.2 Definition of channels between the transmit and receive antennas 

	
	Rx antenna 0
	Rx antenna 1

	Time t

	r0
	             r2

	Time t+T

	r1
	             r3


Table 3.3 Receive signal at two receivers
Encoding and Transmission sequence
The encoding and transmission sequence is identical to 2 transmit one receive diversity which is shown in table 3.1
The combining Scheme
The combining process is done as below 
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The result of combining signals are given as 
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Which is equivalent to
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The Maximum Likelihood Decision Rule
The value of Si is chosen whenever the following condition is satisfied.

 d2(sO , (α02 + α12+ α32) si ) <= d2(sO , (α02 + α12+ α32) sk )
If signals are equal constellations:
d2(s0, si ) <= d2(s0, sk) 

3.4. Result

[image: image28.png]Py, bit error rate (BER)

~0= no diversity (1 Tx, 1 Rx)
~v= MRRC (1 Tx, 2 Rx)
=0~ MRRC (1 Tx, 4 R¥)
|—0— naw scheme (2 Tx, 1 Rx)
=0 new scheme (2 Tx, 2 Rx)





                                                                      SNR
Figure 3.4 The BER performance comparison of coherent BPSK with MRRC and two-branch transmit diversity in Rayleigh fading.[2]
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Figure 3.5 Simulation result of BER performance of different diversity technique 

3.5 Implementation Issues

BER simulation of the Figure 3.5 is not smooth as that of Figure 3.4 as it approaches to lower end of the graph, this is because of the limitation of the sample size that we are using.  Simulation is computed using maximum sampling size of 1000000 due to the lack of processor speed. Actually to obtain a BER, simulation has to be perform 10/BER times. This constraint has resulted in lack of smoothness. 

In new transmit diversity scheme there are two transmitting antenna which transmit two different symbols simultaneously.  This two transmitting antenna requires double radiating power than that of the two-branch MRRC case where there is presence of only one transmit antenna. Simulation in this thesis work has assumed same radiation power for both the cases which result in 3-dB worse performance in new transmit diversity scheme than that of two-branch MRRC. If both the transmitting antenna in new transmit diversity scheme individually radiates same energy as that of the single antenna in Two-branch MRRC then the 3dB penalty would not have occurred.

3.6 Summary
This chapter focuses on the classical diversity and the new transmit diversity scheme presented in [2]. Here different equations presented in [2] are studied, analyzed and then implemented. Figure 3.4 is the simulated result presented in the paper and Figure 3.5 is the result obtained from the simulation. Comparison of this two result shows that the simulated result is almost identical to that presented in the Figure 3.4. The simulation result shows that the scheme with 1TX and 2RX is almost identical with that of the scheme with 2TX and 1RX. Invariably, there are more receivers than transmitter in wireless communication. Instead of having complex receivers it is economical to have a complex transmitter. Also, the scheme with 1TX and 4RX gives the best performance but the scheme with 2TX and 2RX is comparable to that of 1TX and 4RX. The scheme with 2TX and 2RX opens up a new avenue for MIMO communication.
Chapter 4
Performance Evaluation of Different Modulation Technique
4.1 Modulation 

Modulation is the process of encoding information from a message source in a manner suitable for transmission. Modulation can be done by varying the amplitude, phase or frequency of a high frequency carrier in accordance with the amplitude of the message [6]. This chapter describes the various modulation techniques used in the thesis work. 
4.1.1 BPSK
BPSK uses two points on the constellation diagram. It lies totally in one axis i.e. x-axis. It has no y-axis projection. The vector flip-flops on x-axis depending on the value of bit [12]. It does not particularly matter exactly where the constellation points are positioned. This modulation is the simplest of all the PSK modulation techniques. It’s drawbacks is that it can only modulate at one bit/symbol and so is inappropriate for the cases where  high data-rate is required and the bandwidth is limited.
In BPSK, the phase of a constant amplitude carrier signal is switched between two values according to two possible signals m1 and m2 corresponding to binary 1 and 0, respectively. If sinusoidal carrier has an amplitude Ac and energy per bit Eb=1/2Ac2tb, then transmitted BPSK signal is either [6].
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It is often convenient to generalize m1 and m2 as binary data signal m(t),  which takes on one of the two possible pulse shapes. Then the transmitted signal may be expressed as 
Sbpsk(t)= m(t)
[image: image42.wmf]2

b

b

E

T

cos(2
[image: image43.wmf]p

fc t+
[image: image44.wmf]q

c) …………………………………  equation(4.1)     

From this expression the constellation diagram is drawn as shown in the figure.



Figure 4.1 Constellation diagram of BPSK

From the constellation diagram, it can be seen that the distance between adjacent points in the constellation is 2
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. Using this in the average probability of bit error in additive white Gaussian noise (AWGN), the average probability of bit error is obtain as

Pe, BPSK = Q
[image: image46.wmf]0

2

b

E

N

æö

ç÷

ç÷

èø

……………………………………………………equation (4.2)
Where N0 is the noise spectral density.
4.1.2. QPSK

Quadrature phase shift keying (QPSK) uses four constellation points, and each point is equispaced around a circle as shown in the figure 4.2. Advantage of using four points or four phases, it can encode two bits per symbol. In QPSK, information is conveyed through phase variations, so that in each time period, the phase can change only once. Since there are four possible phases, there are 2 bits of information conveyed within each time slot. 
In QPSK, phase of the carrier takes on one of the four equally spaced values, such as 0, 
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/2, where each of the value corresponds to a unique pair of message bits. The QPSK signal for this set of symbol states may be define as [6]
Sqpsk(t)= 
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 ……………..………equation(4.3) 

Where Ts is the symbol duration and is equal to twice the bit period.

Using Trigonometric identities

Sqpsk(t)= 
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 for the  QPSK signal set, then four signals in the signals in set can be expressed in terms of the basis signal  as
Sqpsk(t)= {
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Based on this representation, a QPSK signal can be represented using a 2-D constellation-diagram with four points as show in figure


Figure 4.2 Constellation diagram of QPSK

Distance between adjacent points in QPSK constellation diagram is  2Es. Since each symbol corresponds to two bit, then Es=2Eb, thus the distance between two neighboring points in the QPSK constellation is equal to 2
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. Using this in the average probability of bit error in additive white Gaussian noise (AWGN), the average probability of bit error is obtained as
Pe, QPSK = Q
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Similarly the Probability of symbol error rate for QPSK
Pe, QPSK =2Q
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Since QPSK is transmitting two bits simultaneously, so in order to achieve same symbol error probability as BPSK, QPSK must use twice the power of that of BPSK.
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Figure 4.3 Simulation Result of Classical Receive diversity using BPSK and QPSK modulation technique
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Figure 4.4 Simulation Result of New Transmit diversity using BPSK and QPSK modulation technique
4.3. Summary 
This chapter focuses in the modulation technique that is implemented in the thesis work. Results are obtained by using BPSK and QPSK in both classical diversity and new transmit diversity. While using QPSK slightly higher SER (symbol error rate) is observed in the simulation than that of BPSK but since the two bits are transmitted at a time, bandwidth efficiency or higher data rate is obtained. Here the transmit power is assumed same but in QPSK two bits are transmitted simultaneously. If the transmit power for QPSK is made double than that of BPSK, probability of error almost identical to BPSK can be obtained. 

                                               Chapter 5
Performance Evaluation of Different Fading Model
5.1 Fading

Fading is used to describe the rapid fluctuations of the amplitudes, phases or multipath delays of a radio signal. Fading is caused by interference between two or more version of the transmitted signal which arrives at receiver at different times. Rayleigh and Ricean fading channels are useful models, which occurs in real-world in wireless communication. These models are due to phenomena such as multipath effect, time dispersion and doppler shifts.
5.1.1 Rayleigh fading 
Rayleigh distribution is commonly used to describe the statistical time varying nature of the received envelope of a flat fading signal or the envelope of an individual multipath component [6]. Rayleigh fading model is used when there are many objects in the media where the signal is transmitted, resulting in the scatter of the signal before arriving at the receiver end. This scattering of signal is due to attenuation, reflection, refraction, and diffraction of the signal from high buildings present in metropolitan city where there isn’t presence of strong line of sight. This model assumes that the magnitude of signal that has passed such environment will vary randomly according to a Rayleigh distribution. If there isn’t presence of dominant component, then such a process will have zero mean and phase evenly distributed between 0 and 2π radians.
The envelope of the sum of two quadrature gaussian noise signals obey a Rayleigh distribution. The Rayleigh distribution has a probability density function (pdf) given by [6]
                      P(r) =        
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 is the rms value of the received voltage signal and 
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2 is the time average power before envelope detection 
Combination of two Gaussian random variable gives Rayleigh channel model

Rayleigh channel model = Gaussian random variable + j Gaussian random Variable

5.1.2 Ricean Fading
If the transmission media is such that, there is a presence of dominant  line of sight path between transmitter and receiver along with the scattering, then the mean of the random process will not be zero, instead  it will vary  around the power-level of the path. For this type of situation a better model known as Ricean fading model is used. Hence a Ricean channel can be described as a transmission channel that includes several scatter multipath component along with the strong line of sight.
The probability density of the amplitude of Ricean fading channel is given by

P(r)= 
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Where, A is the peak amplitude of the dominant non fading component and I0 is the modified Bessel function of the first kind and zero order. The Ricean factor K specifies the ratio of the deterministic signal power and the variance of the multipath.
                        K=
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K(dB)=10 log10 
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As A→0 (K → −∞), the power of the dominant path diminishes, and the Ricean PDF converges to the Rayleigh PDF. Airplane to ground communication links and microwave radio channels are the example of Ricean Fading [7].
We can simply change the mean of either real or imaginary or both of the complex Gaussain random variables to get the Ricean fading model. Ricean fading model can be expressed as
Ricean channel model= (k*cos(t) + Gaussian random variable) / sqrt(2) + j*(k*sin(t) +  Gaussian random variable) / sqrt(2) 

where t is any real number, normally t = n
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/4 and K is the Ricean factor
5.2. Result       
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Figure 5.1 Simulation Result of Classical receive diversity using Rayleigh and Ricean Fading model.
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Figure 5.2. Simulation result of new transmit diversity using Ricean and Rayleigh fading model
5.3. Summary
In this chapter we have studied, analyzed and implemented the Rayleigh and Ricean fading model in the classical and new transmit diversity scheme. Due to the presence of strong line of sight much improved result is obtained in case of Ricean fading model than that of Rayleigh fading model. The result from simulation shows that due to the presence of strong signal strength in Ricean model, BER was not obtained for higher SNR value. Plot was drawn in normal scale for Classical diversity technique but very high variance was obtained in the value for new transmit diversity scheme hence the plot was done in logarithmic scale for new transmit diversity scheme.
CHAPTER 6
Techniques and implementation
6.1 Algorithm:
Step1- Specify the number of the transmitter and receiver antenna 
Step2- Specify SNR value 
Step3- Sigma value (variance) for corresponding SNR  
Step4- Find the length of Step 3 
Step5- Generate the channel matrix 
Step6- Generate BPSK or QPSK signal
Step7- Generate the noise 
Step8- Generate the received signal 
Step9- Use the MRRC method for combining the received signal  
Step10- Estimate the received signal 
Step11- Compare the estimated signal with the generated signal
Step12- Monte Carlo simulation is done to find the bit error rate 
Step13 - Graph plotted for SNR Vs BER 

6.2 Implementation Issue 
· In Two-Branch MRRC, there is a presence of one antenna and in new transmit diversity scheme there are more than one antenna in the transmitter side. Transmit power from Two-Branch MRRC with single antenna and total transmit power from the two antennas for the new scheme is assumed to be same. This result in 3-dB penalty in the simulation of BER than that of the Two-Branch MRRC.
· Similarly for QPSK, two bits are transmitted at a time but here QPSK and BPSK uses the same transmit power. If the transmit power for QPSK is double than that of BPSK, probability of error almost identical to BPSK can be obtained. 
· Perfect knowledge of the channel is known to the receiver.
· Equal error probabilities are assumed for transmitted signal for both BPSK and QPSK.                                      

CHAPTER 7
Conclusion and Future Work
7.1 Conclusion

Thesis work was started with Classical receive diversity scheme using BPSK as a modulation technique and Rayleigh Fading Model. In this classical receive diversity, there are three cases:

1. No diversity with one transmit one receive antenna. 

2. One transmit two receive antenna and

3 One transmit four receive antenna.  
Simulation result using Maximal Ratio Combining Scheme gives the graph between BER and SNR for all three cases. From the result it was found that one transmit one receive (no diversity) scheme has the highest BER among all. When the receiver antenna is increased to four, least BER among all of them for a particular SNR was obtained. Hence, one transmit four receive scheme gives the best performance in receive diversity scheme. 
After the completion of classical diversity scheme, further work was continued towards the new transmit diversity scheme. This part explores the possibility of transmit diversity and gives the possibility to increase the antenna at transmitter side which reduces the technical complexity to increase the number of receiver antenna at receiver side. In practice it is difficult to increase antenna at receiver side. New transmit diversity scheme includes
1. Two branch diversity with one receiver and 
2. Two-branch Transmit diversity with M receivers.

Comparison of graph of BER Vs SNR between receive diversity and new transmit diversity shows that transmit diversity result is better than that with no diversity. In fact, in the case of two transmit two receive diversity, BER was nearly identical to one transmit four receive antennas.

After the successful evaluation of classical receive diversity and new transmit diversity scheme using BPSK and Rayleigh fading model, next work was towards bandwidth efficient modulation technique and  other  fading model. From the simulation of both Receive and Transmit diversity in QPSK and Ricean fading model different graph between BER and SNR was plotted and following conclusion were drawn. Result from the simulation show that  use of  QPSK gives little bit higher bit error rate than that of  BPSK but since QPSK can transmit two bit simultaneously at a time, bandwidth efficient technique is obtained even though the BER was slightly high. Similarly when there is presence of strong line of sight, channel was modeled with Ricean fading model. Use of this model shows that there was tremendous improvement in the BER, due to the presence of strong line of sight between transmitter and receiver.
7.2 Future Work
Higher modulation technique such as 8-QAM, 16-QAM can be studied and implemented in the scheme. Constraints mentioned about power factors in new transmit diversity scheme and QPSK modulation technique in the section 6.2 implementation issue can be explored. Transmit power in new transmit diversity scheme can be doubled than that of classical diversity and 3-dB improved result in new transmit diversity scheme can be obtained. Similarly for QPSK, transmit power can be made double than that of BPSK and result can be observed. Result must show almost identical symbol error rate for both BPSK and QPSK.
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