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Part 1. Derivation of the theoretical bit-error rate

— - BPSK equivalent discrete time model #ZE

Derive the equivalent discrete-time system model from the continuous-time
model.
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Part 2. BER Simulations Using Matlab

Theoretical vs simulated BER

Theoretical vs Simulated BER for BPSK

100E
107
10‘2é
10‘3é
10‘4é
10‘5é

100 ¢

T T

Theoretical BER |
== == Simulated BER




& 1

FEHE 2:

Probability Density Function

0.15

0.1

0.05

FERATRE > FRERAT T 1077 fEERSEAEER: - 1B 2I{E SNR=14dB
IRy > AESREH SR ECE S h SRERE > (RIS BB 55 bits BELTHITHY
i bits BrE/D - BEH E > T IR

BERheor = Q(VSNR) = Q<,/1OSN1I§°‘B> _ Q(1/1o%> ~ 2.87 x 107

Theoretical error bits = bits X BERe0r = 107 X 2.87 X 1077 = 2.87

Simulated errir bits = bits X BERg;, = 107 x 1077 =1

tgtEas > HEATHITE 3R 2.87 (E#haR bits - {EREAERER A H
B 1 (EgEE bits » BN REEEMEAIRE (R - Q1R AEGEHEE S e
s > A DABR A B 2RV ERORAEERD - (U B — S R -

Simulated f,(z) vs theoretical condition pdf at SNR=3dB and 10dB

Simulated fz(z) and Theoretical Weighted Conditional PDFs at SNRz =3dB
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% Simulation BER of BPSK (Using equivalent discrete time model)

%% Parameters for BER to SNR_dB curve
SNR_dB = 0:1:14;

sim_pts = length(SNR_dB);

BER_sim = zeros(l, sim pts);
BER_theor = zeros(1l, sim_pts);

%% Paramters of transmitter

M = 1e7; % Transmit M bits
Eb=1;

A=1;

T=2%*EDb/ A2;
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%% Loop for different SNR_dB value
for i = 1l:sim pts

SNR = 10~(SNR_dB(i) / 1@); % SNR_dB=10log(SNR)
rng(17); % Control experimental variable

3. BPSK s ] s Al
%% Transmitter
d =2 * randi([@, 1], 1, M) - 1; % d=1, -1 with 5@% chance
s =d * sgrt(2 * E b * T); % Equivalent transmitted signal

%% Channel
Noe=2%*EDb/ SNR; % SNR=2*E_b/N_© where PSD _n(t)=N_0/2
w_mu = @;

w_sigma = sqrt(N_@ * T);
W=wmu + w sigma * randn(1l, M); % Equivalent noise

%% Receiver
z = s + w; % Equivalent demouldated signal
d hat = 2 * (z » @) - 1; % Optimal dectector, z>@ ? 1:-1
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%% BER
% Theoretical BER
BER_theor(i) = @.5 * erfc(sqrt(SNR) / sqrt(2)); % Q(sqrt(SNR_z))

% Simulated BER

error_count = sum(d_hat ~= d);
BER_sim(i) = error_count / M;

5. {El&

%% SNR_dB=3
% Save data for histogram later
if SNR_dB(i) == 3
Z_SNR_3dB = z; % For f_z(z)
w_sigma_3dB = w_sigma;
end

end

%% Plot

% Plot BER to SNR_dB curve

figure;

set(@, 'DefaultAxesFontSize', 18);

semilogy(SNR_dB, BER_theor, 'b-', 'LineWidth®, 2, 'DisplayName', 'Theoreticlal BER');
hold on;

semilogy(SNR_dB, BER_sim, 'r--', 'LineWidth', 2, 'DisplayName', 'Simulated BER');
grid on;

xlabel('SNR (dB)'); ylabel('BER'); title('Theoretical vs Simulated BER for BPSK');
legend('show');

% Plot pdf

figure;

h = histogram(z_SNR_3dB, 'Normalization', 'pdf', 'DisplayName', 'f_z(z) (Simulated)'); % f_z(z)
h.NumBins = 50;

hold on;

z_range = linspace(min(z_SNR_3dB), max(z_SNR_3dB), 10@9);

f_z_d_plusl = normpdf(z_range, sqrt(2 * E_b * T), w_sigma_3dB);

f_z_d_minusl = normpdf(z_range, -sqrt(2 * E_b * T), w_sigma_3dB);

plot(z_range, f_z_d_plusl/2, 'r-', 'LineWidth', 2, 'DisplayName', '©.5*f_z(z|d=+1) (Theoretical)'); % P(d=+1)*f_z(z|d=+1)

plot(z_range, f_z_d_minusl/2, 'b-', 'LineWidth', 2, 'DisplayName', '@.5%*f_z(z|d=-1) (Theoretical)'); % P(d=-1)*f_z(z|d=-1)
xline(®, 'k--', 'LineWidth', 1.5, 'DisplayName', 'Decision Boundary'); % Decision line z=0

grid on;

xlabel('z");

ylabel('Probability Density Function');

title('Simulated f_z(z) and Theoretical Weighted Conditional PDFs at SNR_z = 3 dB');
legend('show');
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