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#1

#2

#3

#4
#5
#6
#7
#8

Date

June 11

June 14

June 18

June 21
June 25
June 28
July 2
July 5

June 18, 2018

Course Schedule (1)

Text
1,7

Contents

Introduction to wireless communication systems

2, 5, etc | Link budget design of wireless access

3.3, 3.4
3.5

3.5
4.4

Up/down conversion and equivalent baseband
system

Digital modulation and pulse shaping
Demodulation and matched fileter

Collaborative exercise for better understanding 1
Detection and error due to noise

Channel fading and diversity combining
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From Previous Lecture

* Channel capacity
C =Blog,(1+y)=ax f, xR [bps]

Friis propagation model

P[5 ) Gar y:(ijz.GrGtPt
r 47Z'd r—tot 472.d P

n

* User rate and multiple access
Blog, (1 + 7/) Blog, (1 + 7/)
Cug =

2
N g mdyn
Design of wireless access systems

CII?EIO T NUE,C - d()aBaR - foapt»Gt
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Contents

* Transmit signal (up conversion)

* Recelve signal (down conversion)
* Equivalent baseband signal

» Auto-correlation & power spectrum
* Frequency domain analysis
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System Model

B System model
White noise

L N : :
Transmit signal /\ n(t) Receive signal

N /= VYV 4
T pot S~ O R L
%

Impulse response of wireless channel

B Receive signal model

y(t) = [ h(D)s(t = 7)d7 +n(t)
/N

Assuming delay spread Carrier freq. f, & bandwidth B
(frequency selective fading)
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Carrier Frequency and Modem

———————————————————————————————————————————————————————————————

- Transmitter | ’ Receiver
' ' RF signals

Carrié:arfreq f() I / \\ . Carrier freq. fO

S(t) 0 n(t) BandW|dth

(1) Y
Sﬁ converter Y/\ 4’@_"

h(f)

Impulse response

Down /y B (t)

conver §

S

________________________

Baseband signals
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Transmit Signal (Time Domain)

B Baseband & RF analytic signal

Baseband transmit signal: Sg(¢) = Spp (£) + jSg ()
In-phase  Quadrature

RF analytic signal: s, () = §5 (t)ejZﬂfot

o Up conversion (BB — RF)
B Transmit signal

s(t) = Re[SA (t)]
= Sqp (2) COS 27f )t — 55, (1) sSin 27f
= s (0 + 52,0 OS2, + £ 531 /50
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Receive Signal (Time Domain)

B Receive signal

y(0) = [ h(z)s(t—7)dr
- Re [ h()s, (- r)dr]
= Re f h(T)sg (1 - ‘L')ejzﬂfo(f‘T) d‘lf]

B RF analytic & baseband (BB) receive signal

Analytic receive signal: Y (1)=y(t)+ jhilb ()’(t))

Hilbert transformation
Baseband receive signal: (1) = Va (t)e‘ﬂ”fot

Down conversion (RF — BB)
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Equivalent Baseband Signal

B RF and baseband (BB) receive signal
y(1) = Re[ [ 1(@)sy (1 -7y’ dr]

yp(1) =y, (e = (y(0)+ jhilb(y(1)))e >
B Equivalent baseband system

V()= [ (D)5t =) *77d T = [ hy(2)s(t —7)d T

Separation from carrier freq.

Equivalent baseband impulse response: /1, (7) = h(z-)e_jz’yfof

Phase rotation depending on carrier freq.
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Frequency Domain Analysis

Transmitter

Up conversion

L)L

3L

RF channel

- 0 fo f
S5 (f) Sx (/) $*(f)
Baseband Analytic RF
Receiver
Down conversion
o f (:] 0 f f (:] £ 0 ff
Si (f) S (f) ' (f)
Baseband Analytic RF

Double convolution

[
>

-f, 0 2JI”0f

[H(f)
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Auto-correlation & Power Spectrum

B Random pulse sequence . ]

720 2 4 6 8 10 12 14 16 18 20
2
Sy (1 1 5
B 0
-1

) 2 4 6 0 12 14
15

B Auto-correlation

R;(7)=E [s; ()8, (1 + r)]

05— o o5 1
B Power spectrum
. , . [
Sé(f):j Ri(r)e " dr AR
_w °
e

June 18, 2018 Wireless Communication Engineering 11



Analytic Signal (Freq. Domain)

B Auto-correlation of analytic signal
R, (7)= E[SZ (1)s, (t + r)]

= E[S; (1)sg(t+ t)]ejz‘”for =R, (7)™
Up conversion (BB — RF)
B Power spectrum of analytic signal

Si(f)= [ _Ri(t)e " dT =S5(f - £,)

Frequency conversion

June 18, 2018 Wireless Communication Engineering 12



Transmit Signal (Freq. Domain)

B Auto-correlation of transmit signal

_ 1 .
s(1) =Re[s, ()] = E(SA(t) +5,(1))
s " % Assuming independency
R (‘L‘) =E|s (I)S (l‘ + ‘L’)] between in-phase & quadrature signals

_ %(Ri (T) N RZ* (_L_)) _ _(R]s3 (T)eﬂﬂfor + RIS: (T)e—JQﬂfOI)

B Power spectrum of transmit signal

S ()= Rl de =550/~ £)+ S5 ~1,)

Positive freq. Negative freq.
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Example of Transmit Spectrum

| )

0 f 0 f f

Sy (/) Su(f)=Ss(f - 1)
I: = I | B
0 f —fo 0 fo f

i) S 0-A)esir 1)
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Receive Signal (Freq. Domain)

B Auto-correlation of receive signal

= [ hy(2)s5(t —7)d7
R(7)=E [yE(t)yB(Hr)]
—j j hy(z, R (z — 7, +7,)d 7, d7,

Double convolution
B Power spectrum of receive signal

Sy(f)=]_ Ry(z)e > dz=|H, (/) S5(/)

- 2 Feature of double convolution
— —] T
HB(f)_I_th(T)e dz
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Power [dB]

“10]
—o0|
_s0|
—a0|

-50
-1

Example of Receive Spectrum
S3()=H (1) S3(f)

S5 (/) H,(r) S5(/)

Transmit spectrum Channel response Receive spectrum

10 10 10

— Received signal

0,

Power [dB]
|

P [dB]
8 8B 3 o
%
|
g
> i
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Summary

* Equivalent baseband system

Vo(t)= [ 1y (D)5t - 1)z
Va() =y, (e 2™y, ()= y(t)+ jhilb(y(1))

* Power spectrum of transmit signal
S 1 S S
()= 830 =)+ S5 = 1)
* Power spectrum of receive signal

Sy(f)=|Hs (1) S5(f)

June 18, 2018 Wireless Communication Engineering
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Fourier Transform Pairs
x(t)=f_o;X(f)ej2”ﬁdf = X(f)=foo x(t)e ™" dt

—00

x(t)e™™ & X(f- 1)
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