
 

 

Subject Name: Wireless Communication 

Subject Code: EC-7005 

Semester: 7
th

      

 

 

 

 



Unit IV 

Transceivers and signal processing 

Structure of a wireless communication link: transceiver block structure, simplified models. Modulation 

formats, demodulator structure, error probability in AWGN channels, error probability in flat fading 

channels, and error probability in delay and frequency dispersive fading channels. 

---------------------------------------------------------------------------------------------------------------------------------------------- 

 Transceiver Block Structure 

The goal of a wireless link is the transmission of information from an analog information source 

(microphone, video camera) via an analog wireless propagation channel to an analog information sink. The 

digitizing of information is done only in order to increase the reliability of the link. Figure 1 shows the block 

diagram of a transmitter and receiver of wireless system. 

The transmitter (TX) can then add redundancy in the form of a forward error correction code, in order to 

make it more resistant to errors introduced by the channel (note that such encoding is done for most, but 

not all, wireless systems). The encoded data are then used as input to a modulator, which maps the data to 

output waveforms that can be transmitted. By transmitting these symbols on specific frequencies or at 

specific times, different users can be distinguished. The signal is then sent through the propagation 

channel, which attenuates and distorts it, and adds noise. 

At the receiver (RX), the signal is received by one or more antennas. The different users are separated. If 

the channel is delay dispersive, then an equalizer can be used to reverse that dispersion, and eliminate 

inter symbol interference. Afterwards, the signal is demodulated, and a channel decoder eliminates (most 

of) the errors that are present in the resulting bit stream. A source decoder finally maps this bit stream to 

an analog information stream that goes to the information sink in the case when the information was 

originally digital, this last stage is omitted. 

 
Figure 1 Block diagram of a transmitter and receiver 

 Simplified Models 

In the simplified model of transceiver some blocks are groped for the analysis of link and modulation 

format. Figure 2 shows a simplified model that is useful for the analysis of modulation methods. In this 

model parts between the information source and the output of the transmitter multiplexer are grouped 

into a single unit named as digital data source and other blocks like analog radio channel, up converters, 

down converters, RF elements and all noise-interference signals is groped into an equivalent time-discrete 

low-pass channel. The quality of the modulation format is analysis on the basis of the bit error probability 

at the interfaces. 

 
Figure 2 Simplified model of transceiver. 
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Digital modulation is the mapping of data bits to signal waveforms that can be transmitted over an analog 

channel. For transmission of digital data over analog wireless propagation channel data must be in form of 

analog waveforms. For this reason, the digital modulator at the transmitter (TX) has to convert the digital 

source data to analog waveforms. At the receiver (RX), the demodulator tries to recover the bits from the 

received waveform.  

A sequence of digital symbols is used to alter the parameters of a high-frequency sinusoidal signal called 

carrier. It is well known that a sinusoidal signal has three parameters: amplitude, frequency, and phase. 

Thus amplitude modulation, frequency modulation, and phase modulation are the three basic modulation 

methods in pass band modulation. Figure 3 shows three basic binary carrier modulations. They are 

amplitude shift keying (ASK), frequency shift keying (FSK), and phase shift keying (PSK) .  

 

 
Figure 3 Digital modulation schemes 

In ASK the modulator puts out a burst of carrier for every symbol 1, and no signal for every symbol 0. This 

scheme is also called on-off keying (OOK). In a general ASK scheme, the amplitude for symbol 0 is not 

necessarily 0. In FSK, for symbol 1 a higher frequency burst is transmitted and for symbol 0 a lower 

frequency burst is transmitted, or vice versa. In PSK, a symbol 1 is transmitted as a burst of carrier with 0 

initial phases while a symbol 0 is transmitted as a burst of carrier with 1800 initial phase.  

Based on these three basic schemes, a variety of modulation schemes can be derived from their 

combinations. For example, by combining two binary PSK (BPSK) signals with orthogonal carriers a new 

scheme called quadrature phase shift keying (QPSK) can be generated. By modulating both amplitude and 

phase of the carrier, we can obtain a scheme called quadrature amplitude modulation (QAM), etc. 

 Binary Phase Shift Keying 

In binary phase shift keying (BPSK), the phase of a constant amplitude carrier signal is switched between 

two values according to the two possible signals m1 and m2 corresponding to binary 1 and 0, respectively. 

Normally, the two phases are separated by 180°. Figure 4 shows the block diagram of BPSK modulator and 

demodulator. If the sinusoidal carrier has an amplitude Ac and energy per bit Eb, then the transmitted BPSK 

signal is either  

 � � = √ cos � + �                

or � � = √ cos � + � + �   
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 � � = −√ cos � + �            

where =   

 
 

Figure 4 (a) BPSK Modulator (b) BPSK Demodulator 

 

It is often convenient to generalize m1 and m2 as a binary data signal m(t), which takes on one of two 

possible pulse shapes. Then the transmitted signal may be represented as  

 � � = √ cos � + �   

The BPSK signal is equivalent to a double sideband suppressed carrier amplitude modulated waveform, 

where cos( πfct) is applied as the carrier and the data signal m (t) is applied as the modulating waveform. 

Hence a BPSK signal can be generated using a balanced modulator.  

 
Figure 5 Binary phase shift keying  Quadrature Phase Shift Keying (QPSK) 

QPSK is also known as four level PSK in which signal carries one bit per symbol interval on both the 

in-phase and quadrature-phase component. QPSK is most widely used M-ary PSK schemes because it does 

not suffer from BER degradation while the bandwidth efficiency is increased. QPSK has twice the 

bandwidth efficiency of BPSK, since two bits are transmitted in a single modulation symbol. QPSK signals 

are defined as  
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 = √ cos � + � ,        ,            = , , ,      

 � = − �
  

Where E is the transmitted signal energy per symbol, T is symbol duration and fc is carrier frequency. The 

initial signal phases are π/ , π/ , π/  and 7π/ .By using basic trigonometry identity equation may me 

written as 

 = √ cos � cos � − √ sin � sin �   

 = � + �   

where � = √ cos �   

 � = √ sin �   

and = √ cos �   

 = √ sin �   

Above two equations shows the elements of signal vector si1 and si2 and their values are summarized in 

table.Table QPSK signal coordinates 

Dibit Phase θi = √ cos �  = √ sin �  

11 /  +√ /  +√ /  

01 /  −√ /  +√ /  

00 /  −√ /  −√ /  

10 /  +√ /  −√ /  

 

The modulator of QPSK is shown in Figure 6. Two channels used in modulator one is inphase (I) channel 

with cosine reference and second one is quadrature (Q) channel with sine reference. Modulator separate 

odd numbered bit sequence for I-channel and the even-numbered-bit sequence for Q-channel from the 

data sequence by the serial-to-parallel converter .Then logic 1 are converted to a positive pulse and logic 0 

is converted to a negative pulse, both have the same amplitude and duration of T. Next the odd numbered 

bit pulse train is multiplied to cos( πfct) and the even-numbered-bit pulse train is multiplied to sin( πfct). 

Both the I-channel and Q-channel signals are BPSK signals with symbol duration of 2Tb. Finally a summer 

adds these two waveforms together to produce the final QPSK signal .   
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Figure 6 QPSK modulator  Quadrature Amplitude Modulation (QAM) 

In M-ary PSK modulation, the amplitude of the transmitted signal was constrained to remain constant, 

thereby yielding a circular constellation. By allowing the amplitude to also vary with the phase, a new 

modulation scheme called quadrature amplitude modulation (QAM) is obtained. Figure 7 shows the 

constellation diagram of 16-ary QAM. The constellation consists of a square lattice of signal points. 

 The general form of an M-ary QAM signal can be defined as  

 

= √ � �� cos � + √ � �� sin �                                                                                                                           =, …  

 

Where Emin is the energy of the signal with the lowest amplitude, and ai and bi are a pair of independent 

integers chosen according to the location of the particular signal point.  

 

The power spectrum and bandwidth efficiency of QAM modulation is identical to M-ary PSK modulation. In 

terms of power efficiency QAM is superior to M-ary PSK . 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Constellation diagram of an Mary QAM (M=16) signal set 

 

 Error Probability in Additive White Gaussian Noise Channels 

Additive White Gaussian Noise Channel (AWGN) is channel model used for the description of the thermal 

noise and other factor in communication channels. The meaning of three words  

Additive- As the received signal is equals to the transmit signal plus some noise introduced by the channel, 

where the noise is statistically independent of the signal. 

White- the noise is white in nature i.e, the power spectral density is flat, so the autocorrelation of the noise 

in time domain is zero for any non-zero time offset. Which means that this noise is equally present with 

the same power at all the frequencies. So, in frequency domain, Noise level is flat throughout at every 
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frequency. 

Gaussian - the noise samples follow the Gaussian distribution. This thermal noise is random in nature, and 

has Gaussian distribution with 0 mean and variance as the Noise power.  

 

The error probability of any channel is calculated on the basis of Bit Error Rate (BER) and Symbol Error Rate 

(SER). BER describes the number of bit errors per unit time. The bit error ratio is the number of errors 

divided by the number of transmitted bits. For the case when infinitely many bits are transmitted, this 

becomes the bit error probability. The error probability is different for the different modulation 

techniques. 

 

 Error Probability in Flat-Fading Channels 

In fading channels, the received signal power is not constant but changes as the fading of the channel 

changes. In many cases, we are interested in the BER in a fading channel averaged over the different 

fading states. For a mathematical computation of the BER in such a channel, we have to proceed in 

three steps: 

1. Determine the BER for any arbitrary SNR. 

2. Determine the probability that a certain SNR occurs in the channel in other words, determine the 

pdf of the power gain of the channel. 

3. Average the BER over the distribution of SNRs. 

 

 Error Probability in Delay- and Frequency-Dispersive Fading Channels 

In wireless propagation channels, transmission errors are caused not only by noise but also by signal 

distortions. These distortions are created on one hand by delay dispersion (i.e., echoes of the transmit 

signal arriving with different delays), and on the other hand by frequency. For high data rates, delay 

dispersion is dominant; at low data rates, frequency dispersion is the main reason for signal distortion 

errors. In either of these cases, an increase in transmit power does not lead to a reduction of the BER; for 

that reason, these errors are often called error floor or irreducible errors. Of course, these errors can also 

be reduced or eliminated, but this has to be done by methods other than increasing power (e.g., 

equalization, diversity, etc.). Here we only treat the case when the receiver does not use any of these 

countermeasures, so that dispersion leads to increased error rates.  
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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