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Course Schedule (1)

Date Text Contents
#1 June 12 (1,7 Introduction to wireless communication systems
#2 June 15 | 2, 5, etc | Link budget design of wireless access
#3 June 19 Up/down conversion and equivalent baseband

system

#4 June 22 | 3.3, 3.4 | Digital modulation and pulse shaping
#5 |June 26 | 3.5 Demodulation and detection error due to noise
#6 June 29 Collaborative exercise for better understanding 1
#i July 3 4.4 Channel fading and diversity combining
#8 | July 6 4.6 Error correction coding
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From Previous Lecture

* Equivalent baseband system

valt)= [ha(@)sy (1 - D)de
yo (1) =y, (H)e” > ya() = y()+ jhilb(y(2))

* Power spectrum of transmit signal
S 1 S S
()=S0 - f)+ 531 - 1)

* Power spectrum of receive signal

Sy(f)=|Hy (1) S5(f)
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Contents

» Structure of transmitter
« Amplitude shift keying
* Phase shift keying

* Frequency shift keying
* Pulse shaping

* Experiments
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Transceiver System

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

-~ Transmitter | | Receiver
| | RF signals

Carrié:erfreq fO I / \\ Carrierfreq.fO

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

| B
SB(t) | 7/\V e
\:\ converter ] _'@—'

h(r)

Impulse response

Down /)/ B (t)

conve §

22

________________________

Baseband signals
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Transmitter @
/() g(?) sq (1)

Sp (?)
M(t) Digital Pulse Analog
modulation shaping D/A .| modulation

—

Message signal Message sequence Modulation order & bit rate

1, 1f symbol 1 M =2
m(t) = Zané(f —nTS\) a = {O, if symbol 0 —> R=log, M =1

Symbol period

Digital modulation { - Amplitude

* Phase
* Frequency

sp(0) = 55, (1) + s () = f (m(2))
N\
Pulse shaping Mapping function
» Rectangular

53(0) =50+ Jsag (1) = [£(D)s (1 =T)T - Nyauis
» Gaussian
Pulse shape
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Transmitter @008(27[ £1)
1) (NN ()

Sp (?) \V4
m(t) Digital Pulse D/A Analog S(t)
modulation shaping |[___, D/A .| modulation
/A IQ modulator
Analog modulation i
g e Carrier freq. - \
s(t) = sg (1) cos2m f 1) - SBo (t)sin(2mx f 1) 5y (t @_l
" X
In-phase (I) Quadrature (Q) Y s(t)
AT
. .. A
= Re[(sBI(t) + JSgq (t))(cos(Zn fot)+ jsin(2x fot))]SBQ( ) X)
Complex baseband signal \ /

= Re[r(t)exp(jOt))exp(j27 fyt)] = r(t)cos2m fyt +6(1))
Amplitude Frequency Phase
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Design of Modulation & Pulse Shaping

Carrier freq.  f,
Symbol period T,
Modulation order M

Modulation f()

Pulse shape g(?)

AP
4maN, f7,

Coverage d, = \/

Bandwidth B« %

log, M
T

S

Data rate

Power efficiency, complexity,
error rate p.

Power leakage

Sa(0) =|g(f)] S5 (@)
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Amplitude Shift Keying (ASK)

Digital modulation Message sequence

Sp (1) = Sp; (1) = m(?) 1
Pulse shaping (rectangular) %0-5—
SB(t) =fgrect(T)SD(t_z—)dT Or r r , r
0 1 2 3 4
= E angrect (l‘ —_ n]-;) Time t/T_
" RF signal
Analog modulation LMF : MMMf :
s(t) = sg(t)cos(2m f,t) g 09|
- 2 of SR —
2 t ) f = 1 E -0.5
_| coserhh), e, S VI
Oa 1f an = O 0 1 2 3 4
Time t/TS

Main features
Error rate = Fair, Power efficiency = Fair, Complexity = Excellent
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Binary Phase Shift Keying (BPSK)

Message sequence

Digital modulation
sp () = exp(jm(1)) .
= 051
= cos(/mm(t)) + jsin(mm(t)) of L1 L
5( T ) 1, 1f a, = 0 ’ 1 ‘ Time3t/Ts ’ 5 6
NRZ signal S .
Pulse shaping (rectangular) 5_1_ VUV VVVVU VU vy,
0 1 2 3 4 5 6
Time t/T
SB(t)=Ea2ngrect(t_nT;) S .
7 Constellation
Analog modulation r . S8|
cos(2xf,t), 1ifa =0
s(t) =sz(t)cos(2m ft) = .
—cosm f,t), ita,=1
Main features M SBI
Error rate = Excellent, Power efficiency = Good, Complexity =
10
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Quadrature Phase Shift Keying (QPSK)

Message sequence

Message signal
S 1
M =4 —> Two binary sequences (%), m(¢) %02: _
Digital modulation & pulse shaping ) 10 - Tim:t/l o
sp(t) = exp(jmm, (1)) + explj(amo () + 7 12)) 5o _
< % i 2 3 4 5 6
= cos(:zmI (t))+ j cos(an (t)) Time /1,
Eaﬂné(t nT)+]Ea2Q o(t—nT)) ) t RF Signql
< 1
2 0
sg(t) = Eaﬂngrect(t nT)+.]Ea2Qngrect(t nT,) < _1(; I T S
Time t/T_
Analog modulation Constellation
S
5(t) = 55, (1) OS2I f1) = 5, (1) SIn2 7 f1) =
=2 cos(27 fyt + atan(sg, (¢), S, (1))
Main features SBI
Rate = Good, Error = Excellent, Power = Good, Complexity = Fai
11
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M)

Quadrature Amplitude Modulation (QA
Message signal Message sequence

M =16 —> Two 4-level sequences 11,(t), m,(?) gz S

Digital modulation & pulse shaping §;0 e
Timet/TS
g
i
Timet/TS

O

Sp(t) = Sp(E) + JSpo (£)

Scatter plot

ation M =16

spi() = 2m () =M +1= Y a,,0(t - nT,)
Constell

Spo(t) =2my (1) =M +1= E 40,0t —nT,)
SB(t) = Ea4lngrect(t _n]-;) + ]E a4Qngrect(t —I’ZT;)

3re
2l

1@

Analog modulation
(1) = 55, (1) COS(27 ft) — S, (1) SIN(27T f 1)

= S (1) 830 (1) COSQTfy + atan(5p (1) 83 (1))

Main features
Rate = Excellent, Error = Fair, Power, Fair, Complexity = Fair,
Wireless Communication Engineering
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Binary Freq. Shift Keying (BFSK)

BPSK modulation
Sp(t) = E a, g..(t—nl)) Message sequence
BFSK modulation B L1
0 1 2 . 3 4 5
sg(t) =cos(8(t)) + jsin(H(¢)) fime V1,
0(1) = mAf [ "5 (t)dt RF signal
— g 1f . . - -
1 d6@) Af . Zo
fu(t) = SN0 R R e T
2 dt 2

Time t/TS

Analog modulation |
s(t) = cos(0(t))cos(2m f,t) — sin(6(t))sin(2 7 f,t) Con‘stellanon

2 _
= cos(27tfit +6(1)) = cos(f, + M) 5, (0)1) / a, =1

Main features

Rate = Fair, Error = Fair, Power = Good, Complexity = Good
June 22, 2017
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Minimum Shift Keying (MSK)

Differential representation of phase

Message sequence

O(nT) = Af f: 5. (r)dr

Amplitude
o
o v —~

6

1 2

o T T

3

4

5

I o
= Nf R ()M +60(n-11)) 3
= ”Afj;aba + 0((” - 1)7;) RF signa|
Modulation order (BT factor) 8 ; mmmmm
2
Condition on constant phase difference Tl !
Time t/T

AfTa, = k% —> AT =§
SBQ

k=1 —> MSK

Constellation

Main features
Rate = Fair, Error = Excellent, Power = Excellent, Complexity
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Pulse Shaping Filter

Rectangular pulse

Pulse shaping filter 5 0;‘
g(?) £, L
S (2 S (t) ' I(s\lormalizez time t/]I'0 N
p () Pulse B I
) shaping ) 3
S5(/) Sa(f)
<
93 -2 -1 0 1 2 3
SB (l‘) =fg(T)SD (l‘ _‘L’)dr Normalized freauencv fT
Nyquist pulse
S 2 K o 1 l l l i
() =GN S3(f) v\/\/v
3
< o0

4 6 8 10 12
Normalized time t/T

AN

0 , , :
=3 -2 - 0 1 2 3
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T

Trade-off between
bandwidth & inter-symbol interference

Amplitude
o
()]




Nyquist Pulse

Frequency response

Frequency response

— Oy

G(f) = 1 e, | mem— Ot:ol5
r -« g 08 -

- o
1 0<|/T)| < 2 o5
£
1 JT 1 1 o4
. -a +a
=<2(1—Sm(m(2m—l))) > S‘fTS< 5 02 / \
0 . L LB\ .
=3 -2 - 0 1 2 3
O\ 1-;0{ < ‘jTS <1 Normalized freauencv fT
| oo fact Impulse response
ole-0O11 Tactor 12 S——
----- 0=05 ||
Impulse response TN e
71t ot Zero cross v I
sm| — | cos| —— | every symbol period 2 ** / \\
£ 04
S S <

e 2o No inter-symbol e A W

T; T; interference B T e e R B T
Normalized time t/T
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Gaussian Pulse
Frgqugncy res‘ponlse

Frequency response
2 14
G(f)=exp|-| L
1-
/. 3dB bandwidth g ||
=5 G- B
=— —>
C 0.4
J2 “2m2
212f B R e S S
G(f) = eXp - n B Normalized frequency fT
Impulse response
0.16 T : : :
Impulse response 014k o
5 Ty S O BT, =0.6
JU 2 o
g(1) = Bexp| -———(Bi)
2In2 2In2 5"
< 0.06 -
0.04
0.02f
% S S S 6
Normalized time t/T
17

Sharpest response in both freq. & time
Wireless Communication Engineering
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Summary

B Digital modulation ,
{ « Amplitude

* Phase
* Frequency

55() = 55, (1) + Jispo (8) = f(m(2))

Data rate, power efficiency, complexity, error rate

B Pulse shaping (band limitation)
« Rectangular
s, (1) =fg(z')SD (t-7)dt { - Nyquist

 Gaussian

Bandwidth, error rate

® |Q analog modulation
(1) = 855, (1) COS(27T ft) — S5, (1) SIN(27T f 1)

Carrier frequency
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Experiment

/Osilloscope
« TDS 3034B (Tektoronix)
* Time domain analysis

* Constellation (X-Y) analysis
k ( ) y /

~— : « SMJ 100A (R&S)

Spectrum analyzer A
* FSQ 26 (R&S)
» Spectrum analyss
Signal generator )
* Modulation, pulse shaping y
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BPSK(QPSK) + Rect. Pulse

BPSK

o 31+
LS
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t Pulse

QPSK + Nyquis

Rectangular pulse

Nyquist pulse

:
:
m
Z
2
g
&
i
m
:

'ZER - 20Hz ... 26,5 GHz

® ROHDEASCHWARZ  Fsa26 - SIGNAL ANALY,
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BFSK + Rect. Pulse

MSK

June 22, 2017

Tektronix 10500540
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MSK + Gaussian Pulse

Nyquist pulse,

23
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