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Course Schedule (1)

Date Text Contents
#1 June 17 |1,7 Introduction to wireless communication systems
#2 June 17 | 2, 5, etc | Link budget design of wireless access
#3 June 24 Up/down conversion and equivalent baseband
system
#4 June 24 | 3.3, 3.4 | Digital modulation and pulse shaping
July 1 No class
#5 July 8 3.5 Demodulation and detection error due to noise
#6 July 8 4.4 Channel fading and diversity combining
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Narrow Band System
Time invariant narrow band system
Valt) = [ (@5, (1 =2)dT = fys, (1)
hy = Iy () = h(z,)e "

Time variant narrow band system Mobile communication
BS
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Gain of Propagation Channel

Gain of narrow band propagation channel
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Pathloss I~
Tx antenna 4/\: Rx antenna -% Fading
\\ . ) 5
% I_, C% qé _-- Shadowing
» e © P
//// 7! £ ol
\/ G| Pathloss |
Shadowing Multi-path fading >

o o Distance
July 8, 2016 Wireless Communication Engineering 6



Standing Wave & Fading

Multi-path propagation channel Multi-path fading
Superposition of

hB (t ) = E hBi (t ) WU'”'D?FE waves
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Multi-path channel

Rayleigh Fading

Multi-path fading
Superposition of
wulti-path waves

hule)= S (@l = x4

4 Central limit theorem N

Sum of independent random variables
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Gaussian distribution
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Complex Gaussian distribution ,
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Probability of Fading

Cartesian to polar conversion / Jacobian \
2 2
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2 =|detJ|drde
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£, 9) = (e detd] = - ——2) - /
h Oy AN
Rayleigh distribution (amplitude & power) Uniform phase distribution
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Fading variation

Rayleigh Distribution

—

Probability distribution
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Cumulative Distribution

Rayleigh distribution

1 g
f(g)= —zexp(——z) cbF
Oh Oh 10"
Cumulative probability distribution (CDF) g
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CDF of SNR

Signal-to-Noise Ratio (SNR)

Plhy(c)  Pele) CDF
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Error Rate in Fading Channel

BER of BPSK
1 Plh
Py(7) = Eerfc(ﬁ ) - i

O

‘ 2

Rayleigh fading channel
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f<y>=éexp(—é) 7=E
4 4

Average BER
By(7) = [P (1)dy
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BER Performance in Fading Channel

BER performance
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Diversity Technologies
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Antenna Signal Processing

Receive signal model
Array antenna receiver

|l [ ] 7y ]
h Y |n )
y.z I Rch n.z hl /ll\l y, ><W1
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Weighted combining
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Maximum Ratio Combining

SNR after weighted combining

' Eflw"n[] W' E[nn w w0’

Vector outer product

E[nn" ] = 0’1, Uncorrelated noise

Maximum Ratio Combining (MRC)

W, =argmaxy =ch
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PDF & Characteristic Function

PDF of sum of random variables

Independent random variables x )

Jx) ) Sy =) ()

Zz=X+y <—— Sum of random variables
f(2) =ff(x)f(z —x)dx <—— Convolution

Characteristic function of PDF

) == [ aesp-jmdy —— ¢l0)= [ F(exp(mdy

Theorem on Fourier transformation
r=>Y7 — o0)=] v ®
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CDF of SNR after MRC

SNR after MRC
RN CDF
V= 2 yi 10° —— 1( =
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BER of MRC Diversity

Average BER BER performance

MRC diversity, QPSK Signaling, Rayleigh
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Summary

B Error rate in fading channel

1 = (- |1 y
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B Antenna signal processing Em; 7
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Diversity Order

PDF of SNR after MRC

fy)= : Mle r 10° o
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