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Matlab code
% max reference parameters
df_max = 480*10^3; % Hz
Nfft = 4096;
Tc = 1/(df_max * Nfft);
% LTE reference parameters
df = 15*10^3; % Hz
Nfft_r = 2048;
Ts = 1/(df*Nfft_r);
K = Ts/Tc; % K parameter
mu = 4; % Numerology: it's the 5G BS numerology
disp(['Your numerology mu = ', num2str(mu)])
disp(' ')
Nsym_u = 2048 * K * 2^(-mu); % OFDM symbol useful part
Ns_LCP = 144 * K * 2^(-mu) + 16 * K; % Long cyclic prefix
Ns_RCP = 144 * K * 2^(-mu); % Regular cyclic prefix
% Symbol duration
TsymbL = (Nsym_u + Ns_LCP) * Tc; % Duration of an OFDM symbol with LCP
TsymbR = (Nsym_u + Ns_LCP) * Tc; % Duration of an OFDM symbol with RCP
T_LCP = Ns_LCP * Tc;
T_RCP = Ns_RCP * Tc;
disp(['Nsamp in Tc grid: an OFDM symbol with LCP = ', num2str(Nsym_u + Ns_LCP), '; LCP = ', num2str(Ns_LCP)])
disp(['Nsamp in Tc grid: an OFDM symbol with RCP = ', num2str(Nsym_u + Ns_RCP), '; RCP = ', num2str(Ns_RCP)])

%% Parameters for your numerology
df_mu = 2^mu*15*10^3; % The BS has 30 kHz SCS
Nfft_mu = 2048;
T_mu = 1/(df_mu * Nfft_mu);

% Sample numbers for your numerology
Nmu_symbL = TsymbL/T_mu;
Nmu_symbR = TsymbR/T_mu;
Nmu_LCP = T_LCP/T_mu;
Nmu_RCP = T_RCP/T_mu;
disp(['Nsamp in T_mu grid: an OFDM symbol with LCP = ', num2str(Nmu_symbL), '; LCP = ', num2str(Nmu_LCP)])
disp(['Nsamp in T_mu grid: an OFDM symbol with RCP = ', num2str(Nmu_symbR), '; RCP = ', num2str(Nmu_RCP)])



The Taste of Channel Modeling



Multipath propagation

Multipath effects occur in a wireless channel, which is 
called as multipath propagation channel, where a 
transmitted signal reflects from different obstacles. 
Instead of one signal, the receiver receives several 
copies of the transmitted signal.

For OFDM signals, this becomes frequency-selective!

Wall

LoS

NLoS

Base 
Station



Higher Frequency Communication Issues
• The following is a classical multipath channel model

• The time delay dispersion does not depend on the frequency that we use
- Hence, shorter CP leads to a complicated receive
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A Simple Observation
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The Smartphone’s Orientation Change 

The Smartphone is near the human’s head The Smartphone is in the human’s hand



Antenna Polarization
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Field strength at angle 𝜃!

Angle dependent attenuation coefficient:

𝑘(𝜃') = sin 𝜃'

The amplitude of the transmitted 
signal decreases with this factor

𝑠 𝜃' , 𝑡 = 𝑘 𝜃' 𝑠 𝑡



3D Polarization Calculation
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Antenna Radiation Pattern

Link to Cisco site

https://www.cisco.com/c/en/us/products/collateral/wireless/aironet-antennas-accessories/prod_white_paper0900aecd806a1a3e.html


An Example for a Smartphone

Optimizing antenna design

https://www.comsol.com/blogs/optimizing-antenna-design-for-5g-and-the-internet-of-things/


Exam task examples



How to Find Paths in a Generic Environment?

Ideal reflecting surface
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How to find the reflecting point?

We need to use the Law of Reflection
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How to Find Paths in a Generic Environment?
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Frequency Selective Channel
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Frequency Selective Channel and Polarization 
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D LoS => SNR max
D NLoS Reflection Coeff => SNR min
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Exam Questions Example
• Problem 1: Multiple Choice Questions (3p

• Problem 2: Short Answer Questions (6p)

• Problem 3: Discussion Questions (10p)



Exam Task Example 1

You will define numerology, 
BW allocation, and etc.



1. TB CRC is calculated and attached
a. If TB > 3824, then 24-bit CRC; 
b. Otherwise, 16-bit CRC.

2. Code-block segmentation 
a. Code-block size is defined by 

LDPC coder;
b. 8424 bits for base graph 1, 

3840 bits for base graph 2;
c. CB CRC has 24 bits

3. CB CRC is calculated and attached
Channel coding

Exam Task Example 2



Exam Task Example 2



Exam Task Example 3

MCS rc Mod
0 120/1024 QPSK
1 378/1024 QPSK
2 658/1024 16QAM
3 666/1024 64QAM
4 682.5/1024 256QAM
5 885/1024 256QAM

SNR max

SNR min



Frequency-selective channel
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