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Contemporary Communication Systems Using MATLAB Solution Manual

Modern communication systems are the backbone of our interconnected world. From 5G cellular networks and 

satellite links to Wi �Fi routers and IoT sensor networks, the design and analysis of these systems demand rigorous 

mathematical modeling, simulation, and verification. MATLAB has become the industry �standard tool for engineers 

and researchers to tackle these challenges because of its powerful numerical libraries, built �in signal processing 

toolboxes, and intuitive visualizations. A contemporary communication systems using MATLAB solution 

manualis more than a collection of code snippets; it is a comprehensive guide that bridges theory and practice,

helping readers master complex concepts through hands �on examples.

Why MATLAB is Essential for Modern Communications

In the past decade, the complexity of communication protocols has grown dramatically. New standards like 5G NR,

Wi �Fi 6E, and beyond �5G massive MIMO introduce sophisticated waveforms, channel models, and resource

allocation algorithms. MATLAB’s strengths align perfectly with these demands:

•  Extensive Toolboxes – Signal Processing, Communications, DSP, and RF Toolboxes provide ready �made 

functions for modulation, channel coding, equalization, and more.

•  Rapid Prototyping – Scripts and functions can be written and executed in seconds, enabling quick iteration of 

design ideas.

•  Visualization – Built �in plotting functions (e.g., scatterplot, waterfall, surf) help engineers intuitively understand 

waveform behavior and channel effects.

•  Integration – MATLAB interfaces with Simulink, C/C++, Python, and hardware (e.g., USRP) for end �to �end 

system validation.

Structure of a Solution Manual for Contemporary Systems

A well �crafted solution manual should guide the reader from foundational concepts to advanced applications. Below

is a typical layout, illustrated with sample topics relevant to contemporary communication systems.

1. Introduction to Communication Theory

Before diving into MATLAB, readers should grasp core ideas such as bandwidth, signal �to �noise ratio (SNR),

modulation, coding, and channel models. This section sets the stage for the practical exercises that follow.

2. MATLAB Fundamentals for Communications

Key MATLAB commands, data structures, and best practices are introduced. Topics include:

1.  Vector and matrix operations

2.  Complex number handling

3.  Plotting and animation

4.  Script vs. function files

5.  Debugging and performance optimization



3. Modulation and Demodulation Techniques

Hands �on projects demonstrate how to implement and analyze:

•  QPSK, 16 �QAM, 64 �QAM

•  OFDM, SC �FDMA, and FBMC waveforms

•  Adaptive modulation based on channel conditions

4. Channel Models and Signal Propagation

Real �world channels introduce multipath fading, Doppler shifts, and shadowing. The manual covers:

•  AWGN, Rayleigh, Rician, and Nakagami channels

•  Time �varying and frequency �selective channels

•  Channel estimation and equalization

5. Coding and Error Correction

MATLAB’s Communications Toolbox offers functions for:

•  Convolutional, LDPC, and Polar codes

•  Turbo decoding and iterative techniques

•  Simulation of coded BER curves

6. Advanced Topics

For readers ready to push the envelope:

•  Massive MIMO beamforming

•  Millimeter �wave propagation and beam alignment

•  Non �orthogonal multiple access (NOMA)

•  Machine �learning �based channel estimation

7. Project �Based Learning

Capstone projects that integrate multiple modules, such as building a 5G NR base �station simulation or designing a

low �power IoT communication link, cement understanding.

Sample Problem and Step �by �Step MATLAB Solution

Below is an illustrative example that demonstrates the practical value of a solution manual. The problem is to

simulate an OFDM system with adaptive modulation and compute the resulting BER.

Problem Statement

Design a 64 �subcarrier OFDM transmitter and receiver that uses QPSK modulation for subcarriers 1–32 and

16 �QAM for subcarriers 33–64. The channel is AWGN with varying SNR from 0 dB to 20 dB. Estimate the BER

across this range.

MATLAB Implementation

1.  Define system parameters:

numSubcarriers = 64;

modOrderLow = 4;  % QPSK

modOrderHigh = 16;  % 16 �QAM

cpLen = 16;  % cyclic prefix length



numSymbols = 1e4;  % number of OFDM symbols

1.  Generate random bits:

bitsLow = randi([0 1], numSymbols*log2(modOrderLow), 1);

bitsHigh = randi([0 1], numSymbols*log2(modOrderHigh), 1);

1.  Map bits to symbols:

qamLow = qammod(bitsLow, modOrderLow, 'UnitAveragePower', true);

qamHigh = qammod(bitsHigh, modOrderHigh, 'UnitAveragePower', true);

1.  Assemble OFDM frame:

ofdmSymbol = [qamLow, qamHigh];

ofdmSymbol = [ofdmSymbol, ofdmSymbol(1:cpLen)];  % add cyclic prefix

txSignal = ofdmSymbol(:);  % flatten to vector

1.  Transmit over AWGN channel:

For each SNR value:

snrVec = 0:2:20;

ber = zeros(length(snrVec),1);

Loop over SNRs:

for idx = 1:length(snrVec)

  rxSignal = awgn(txSignal, snrVec(idx), 'measured');

  rxSignal = rxSignal(cpLen+1:end);  % remove cyclic prefix

  rxSymbols = reshape(rxSignal, numSubcarriers, numSymbols);

  rxLow = rxSymbols(1:32, :);

  rxHigh = rxSymbols(33:end, :);

  rxBitsLow = qamdemod(rxLow(:), modOrderLow, 'UnitAveragePower', true);

  rxBitsHigh = qamdemod(rxHigh(:), modOrderHigh, 'UnitAveragePower', true);

  bitErrorLow = biterr(bitsLow, rxBitsLow);

  bitErrorHigh = biterr(bitsHigh, rxBitsHigh);

  ber(idx) = (bitErrorLow + bitErrorHigh) / (numSymbols * (log2(modOrderLow)+log2(modOrderHigh)));

  end

1.  Plot results:

semilogy(snrVec, ber, '-o');

grid on;



xlabel('SNR (dB)');

ylabel('Bit Error Rate (BER)');

title('BER of Adaptive OFDM System');

This concise script demonstrates how a solution manual can walk the reader through each step, explaining the

rationale behind parameter choices and the impact of SNR on performance.

Best Practices for Using a Solution Manual

1.  Start with Theory – Before jumping into code, review the underlying mathematical principles. A solution 

manual should provide concise explanations of concepts such as Fourier transforms, probability distributions, and 

error metrics.

2.  Incremental Complexity – Begin with simple scenarios (e.g., single �carrier QPSK over AWGN) and gradually 

introduce additional layers (multipath, adaptive modulation, coding). This scaffolding approach keeps readers 

engaged and reduces frustration.

3.  Code Commentary – Every line of MATLAB script should be accompanied by a comment that explains its 

purpose, especially when using toolbox functions that may be opaque to newcomers.

4.  Visualization Emphasis – Encourage readers to plot intermediate results (constellation diagrams, channel 

impulse responses, BER curves). Visual feedback accelerates learning.

5.  Encourage Experimentation – Provide “What if” questions that prompt readers to tweak parameters (e.g., 

increase subcarrier count, change modulation order, or add a channel estimator) and observe the effects.

6.  Cross �Reference Standards – Link MATLAB examples to real �world specifications such as 3GPP 5G NR, 

IEEE 802.11ax, and ITU �R recommendations. This contextualizes learning and showcases practical relevance.

7.  Performance Analysis – Teach how to measure computational complexity, memory usage, and execution 

time. This is crucial for transitioning from simulation to real �time implementation.

8.  Version Control – Suggest using Git or MATLAB’s version control integration to track changes, especially 

when collaborating on larger projects.

Common Pitfalls and How to Avoid Them

•  Assuming Unit Power – Many toolbox functions normalize power to unity. When comparing with theoretical 

SNR values, remember to scale accordingly.

•  Ignoring Timing Offsets – In OFDM, symbol timing and carrier frequency offsets can severely degrade 

performance. Always include synchronization blocks in realistic simulations.

•  Overlooking Channel Estimation – Assuming perfect channel knowledge leads to overly optimistic BER 

curves. Include pilot symbols and estimation algorithms for realism.

•  Misinterpreting BER vs. SER – Bit error rate (BER) and symbol error rate (SER) are distinct metrics. Ensure 

you compute the correct one for the system under study.

•  Neglecting Computational Load – Complex algorithms (e.g., MIMO detection) can become bottlenecks. Profile 

your MATLAB code and consider vectorization or compiled functions (MATLAB Coder).
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