
EE433 Learning Objectives 
 
 
Lecture 1:  Review of Modulation 
 

1. Explain the differences between the three major analog/digital modulation techniques. 
2. Characterize an analog or digitally modulated signal in terms of the time domain and frequency 

spectrum. 
3. Calculate the major performance characteristics (power, power efficiency, bandwidth, SNR, or 

BER) for an analog or digitally modulated signal. 
 
Lecture 2:  Time, Frequency, and Code Division Multiple Access 
 

1. Explain the difference between duplexing and multiple access. 
2. Describe the operation of Time Division Duplexing. 
3. Describe the operation of a Time Division Multiple Access system. 
4. Describe the operation of Frequency Division Duplexing. 
5. Describe the operation of a Frequency Division Multiple Access system. 
6. Identify the major commercial wireless standards that use TDD/TDMA and FDD/FDMA. 

 
Lecture 3-4:  Gain, dB, and Noise in Depth 
 

1. Calculate the gain (attenuation) of an arbitrary device (DUT). 
2. Convert between voltage gain and power gain of a DUT. 
3. Express gain as both a linear ratio and logarithmic (dB) value. 
4. Calculate the noise power of an arbitrary DUT given noise figure and bandwidth. 
5. Express noise figure as both a linear ratio and logarithmic (dB) value. 
6. Calculate the overall gain of a cascaded receiver system. 
7. Calculate the overall noise figure of a cascaded receiver system. 
8. Calculate the Minimum Detectable Signal give the noise power/noise figure of a system. 
9. Explain the impact of MDS on the operation of a wireless system. 
10. Given a series of devices, determine the optimal configuration to minimize the cascaded 

noise figure. 
 
Lecture 5:  Fundamentals of CDMA 
 

1. Explain the difference between CDMA and FDMA/TDMA techniques. 
2. List the three major reasons for using CDMA in wireless systems. 
3. Describe the operation of a Direct Sequence CDMA system. 
4. Illustrate how to recover a desired signal from a composite CDMA transmission. 
5. Calculate the bandwidth and spectrum of a DSSS CDMA transmission. 
6. Calculate the BER of a DSSS CDMA system with a large number of users. 

 



Lecture 6:  History of the US Cellular System 
 

1. List the major questions and decisions surrounding the origins of the US cellular system 
ca. 1946 and describe how they impact the operation of the system today. 

2. Describe the procedure for setting up either a land-originated or mobile-originated 
cellular phone conversation. 

3. Critique the legacy decisions, and identify the major technical decisions required to 
develop the next generation of wireless communication systems. 

 
Lecture 7:  Cell planning and Frequency Reuse 
 

1. Explain how cell planning via hexagonal cells is used to maximize system capacity and 
minimize interference. 

2. Calculate system-wide capacity in terms of number of users supported given a wireless 
standard’s reuse factor. 

3. Classify wireless standards in terms of their reuse efficiency. 
4. Apply the concepts of cellular reuse to design a cellular system in a geographical region. 

 
Lecture 8:  Interference, System Capacity, and Handoffs. 
 

1. Describe the impact of reuse number on signal to interference ratio (SIR). 
2. Calculate total interference power at a cell edge for various reuse numbers and 1st and 2nd 

tier interferers. 
3. Calculate the SIR at the cell edge for various reuse numbers and 1st and 2nd tier 

interferers. 
4. Explain the difference between a Soft and Hard handoff at the cell boundary. 

 
Lecture 9:  Trunking and Grade of Service for Voice 
 

1. Describe the reasons for using Trunked systems rather than dedicated lines for each 
individual user. 

2. Calculate the probability of blocking for Erlang B trunked systems. 
3. Analyze the tradeoff between improved Grade of Service, number of users supported, and 

overall system cost/complexity. 
4. Explain different techniques for improving Grade of Service. 

 
Lecture 10:  Trunking and Grade of Service for Data 
 

1. Calculate the amount of traffic generated by a data packet. 
2. Calculate the probability of delay for data in Erlang C trunked systems. 
3. Calculate the Grade of Service for Erlang C trunked systems. 
4. Analyze the tradeoff between improved Grade of Service, number of users supported, and 

overall system cost/complexity. 
5. Explain why data systems have a higher overall performance (number of users supported, 

better grade of service, lower cost/complexity) than voice systems. 
 



Lecture 11:  Trunking and Grade of Service Examples 
 

1. Analyze a trunked radio voice system for various configurations, levels of traffic, and 
wireless standards. 

2. Analyze a trunked radio data system for various configurations, levels of traffic, and 
wireless standards. 

Lecture 12:  Coverage and Capacity in Cellular Systems 
 

1. Explain the difference between coverage and capacity. 
2. Describe the major techniques used to improve system coverage and capacity. 
3. Calculate improvement in SINR or capacity based on sectoring cells. 

 
Lecture 13:  Introduction to GSM Physical Layer 
 

1. Explain the reasons for the development of the GSM standard. 
2. List the four major components of the GSM architecture. 
3. Explain how GSM identifies both a handset and a subscribed user. 
4. Describe the basic phases of operation of a GSM system. 

 
Lecture 14:  GSM Signaling 
 

1. Describe the major GSM layers and how they incorporate the major network layers. 
2. Explain how GSM uses trunking and multiplexing to maximize the use of bandwidth. 
3. Explain how GSM uses compression and adaptive signaling to maximize voice quality 

given the RF channel limitations. 
4. Illustrate the GSM frame structure and list the major logical channels. 

 
Lecture 15:  Introduction to Propagation 
 

1. Explain the difference between large-scale and small-scale propagation. 
2. Calculate the Effective Isotropic Radiated Power of a transmitter/antenna combination. 
2. Apply the Friis free-space equation to solve a variety of free-space propagation problems. 

 
Lecture 16:  Power and E-Field / Three Propagation Methods 
 

1. Calculate power, voltage, and E-Field strength at the output of a receiver’s antenna 
assuming a 50Ω matched load impedance. 

2. List the three modes of electromagnetic wave propagation. 
3. Describe qualitatively the three modes of electromagnetic wave propagation. 

 
Lecture 17:  Reflection and the Two-Ray Model 
 

1. Describe the fundamental scenario for two-ray reflection of an electromagnetic wave and 
list the major assumptions in the derivation of the two-ray model. 

2. Calculate the phase difference between a line-of-sight (LOS) and reflected wave. 
3. Calculate the received power of a signal via either the exact or approximate two-ray 

model. 
 



Lecture 18:  Scattering 
 

1. Describe qualitatively how electromagnetic waves scatter from rough surfaces. 
2. Apply the radar cross-section model to calculate the received power when 

electromagnetic energy is scattered from a rough surface. 
3. Describe how the log-distance model arises from the combination of the three modes of 

propagation. 
4. Describe how an environment can be characterized via a path loss exponent and 

shadowing parameter. 
5.  Calculate received power given path loss exponent for a particular environment. 
6. Given a set of received power measurements from a particular environment, determine 

the environment’s path loss exponent and shadowing parameter. 
7. Given a shadowing parameter, calculate the outage probability of a user operating in that 

environment. 
 
Lecture 19:  Diffraction (Knife Edge) 
 

1. Illustrate the geometry of knife-edge diffraction and label the LOS zone, shadowed zone, 
and region of no reception. 

2. Given a normalized knife-edge diffraction scenario, calculate the diffraction angle α, as 
well as the Fresnell-Kirchoff diffraction parameter υ. 

3. Calculate the diffraction gain given α, υ. 
4. Normalize a diffraction scenario that has different transmitter and receiver heights. 

 
Lecture 20:  System Planning and Link Budgets 
 

1. Explain how link budgets are used to evaluate coverage of a wireless system and plan 
BTS locations. 

2. Given a scenario geometry and system parameters (path loss exponent, frequency, system 
performance requirements) calculate the received power of a user at a distance d from the 
transmitter. 

3. Apply link budgets to evaluate tradeoffs in various system parameters (e.g., transmit 
power vs. gain). 

  
Lecture 21:  Indoor Propagation Models 
 

1. Describe the difference between a general-purpose model and site-specific model. 
2. Apply the partition-based path loss model (or one of its derivatives) to calculate received 

power for various indoor scenarios.  
3. Describe the advantages and limitations of the partition-based path loss model. 
4. Describe qualitatively how ray-tracing can be used to more accurately model indoor 

propagation. 
 



Lecture 22:  Introduction to Small-Scale Fading  
 

1. Describe the impact of fading on a mobile wireless receiver. 
2. Explain the difference between motion-based (Doppler) fading and delay-spread 

(multipath) based fading. 
3. List the three major factors that influence the amount and severity of fading. 
4. Describe the four types of fading (slow/fast/flat/frequency selective) and calculate which 

type applies to a particular scenario. 
 
Lecture 23-24:  Parameters of Multipath Channels 
 

1. Illustrate the impulse response of a wireless channel both graphically and mathematically. 
2. Calculate Mean Excess Delay, RMS Delay Spread, Max Excess Delay, Coherence 

Bandwidth, and Doppler Spread given a channel’s impulse response. 
3. Given the above parameters, evaluate whether a particular wireless signal or standard will 

be compatible with the channel. 
4. Given a particular transmitter-receiver geometry, calculate the Doppler spread 

experienced by the received signal. 
5. Calculate the Doppler spectrum experienced by a wireless signal undergoing a particular 

Doppler spread. 
6. Explain how Doppler shift impacts the receiver’s ability to track and demodulate a 

wireless signal. 
 
Lecture 25:  Derivation of Rayleigh Fading 
 

1. List the major assumptions/environmental conditions that cause Rayleigh fading. 
2. Calculate the average fade duration and level crossing rate for a Rayleigh fading channel. 
3. Explain the conditions under which a wireless signal would experience Rayleigh fading. 

 
Lecture 26:  Derivation of Ricean Fading 
 

1. List the major assumptions/environmental conditions that cause Ricean fading. 
2. Calculate the average fade duration and level crossing rate for a Ricean fading channel. 
3. Explain the conditions under which a wireless signal would experience Ricean fading. 
 

Lecture 27:  Statistical Modeling for Fading Channels 
 

1. Explain how the Clarke and Gans model describes fading in a mobile wireless 
environment. 

2. Calculate and draw the Doppler spectrum that results from the Clarke and Gans model. 
3. Explain conceptually how the Saleh-Valenzuela model predicts the multipath structure 

for a wireless channel. 
4. Describe the difference between Rayleigh, Ricean, and Nakagami-m Fading. 
 



Lecture 28:  Orthogonal Frequency Division Multiplexing 
 

1. Explain how OFDM is resistant to both multipath time dispersion and fading. 
2. Describe the difference between single-carrier and multi-carrier modulation. 
3. Explain how the Fourier Transform and Inverse Fourier Transform are used to generate 

OFDM signals. 
4. Illustrate the spectrum of an OFDM signal for a given number of carriers. 
5. Discuss the advantages and limitations of OFDM signals. 
6. Evaluate the performance of an OFDM system in the presence of multipath, fading, or 

Doppler spread. 
 
Lecture 29:  Performance of Digital Modulation in Fading Channels 
 

1. Calculate the BER for a digital modulation (ASK, FSK, PSK, or OFDM) signal in the 
presence of Rayleigh or Ricean fading. 

2. Compare the performance of different modulation schemes in fading channels. 
 

Lecture 30:  Introduction to Receiver Diversity Techniques 
 

1. Illustrate the geometric interpretation of fading and list the major types of diversity 
schemes. 

2. Explain how diversity is used to improve the performance of wireless signals in the 
presence of fading. 

3. Explain the differences between the major diversity combining techniques (equal gain, 
selection, and maximum ratio). 

 
 


