Mobile Radio Communications

Session 4: Modulation & transmission
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Why modulation ?

 RF carrier astransmission medium
 spectral efficiency

 robustness on radio path

 analog versusdigital information

TELECOMMUNICATION Session 4, page 2 UNIVERSITY *
) ENGINEERING Mobile Radio Communications OF J

© J.C. Haartsen TWENTE



Carrier modulation

e amplitude/phase
« phasor / complex baseband representation

e | and Q modulation:
cosand sin
In-phase and quadrature component

real

complex
(3 rea P

L AM

» O

PM
—> | > |
<= AM
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Constant-envelope modulation

 RF amplitude constant

o class C amplification (efficiency)

e [imiting receiver

e non-linear TX-RX operations

 information in phase only (but be careful ...)

PA

s(t) — VCO

|
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Analog modulation

 |Information is analog
* AM, PM, and FM

AM S, (t)= AL+ m(t) cos27f t

k="n i m(t):icoszmt
A A

an | aim
f

'fc C

|
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SSB modulation

 AM: redundant information (two side bands)
 Removeone sideband - Single Side Band
e Complex!

ﬁ SSSB (t) = At(m(t)COSZI'A‘Ct + m(t)SI n 277fct)

m(t) Hilbert transform

N B | 1 1
£, f.
‘ = e
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SSB generation
S,

a L
SN S
1 _.JL- an

TELECOMMUNICATION Session 4, page 7 UNIVERSITY ¢
]

ENGINEERING Mobile Radio Communications TWENTE kJ
© J.C. Haartsen




SSB generation

Am(t)cos27f t A.J. .ll

f. f,

A(t)sin 27 t «.j-. .l.—
fC

» Addition: lower side bands
 Subtraction: upper side bands
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SSB features

 Amplitude and phase modulation

e Bandwidth efficient but poor performancein
radio channel

* Needs accurate frequency tuning

* Pilot tonerequired
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Angle modulation

* Frequency or phase
 Constant envelope

EM [ t m
Sem (t) = A, cos[27f t + 27K, Im(T)dTD
L] 2o (]
k: frequency deviation in V/Hz
ﬁ — kf A‘n _ Af
if m(t)=A,cos27f t "W W
K . [
S (1) = A COSTRAE £+~ S 27, ¢
(] f, 0
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Angle modulation

PM

PM

FM

Su (1) = A, cos 27t + k()
K, phase deviation in rad/Hz

m(t)— oot

FM

m(t)— J'

PM

W -
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FM modulation

"llhl'. ‘ .'Ilhl"
-f f

C C

Carson’srule:

B =2(5; +DT,, B <1

B, = 2Af B >>1
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FM SNR performance

2, +1w W
R N =
I

FM
I detector L PF

A2
2NO(,8f +1)\N

Rn = NR,; = 6(:81‘ +1:8f2 (t gSNRn

V

Y
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FM SNR performance

P
AN =3 2 ' carrier
Roxe =351 N.W

p A

carrier
2
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Digital modulation

 |Information is digital

e binary modulation: bit b, -~ symbol s,
e m-ary modulation: {b,b,;...0n1} — S
log, m bits/symbol

m- 1, (7= R/W)

« E, energy per bit: P XT,
« E_energy per symbol: PearrierXT
* N, noise spectral density: P, /W

carrier

S

—a— ‘
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Digital modulation

e symbol duration T symbol rate R, = /T,
symbol rate = baud rate

e bit duration T, bitrate R, = 1T,
R, = R.log, m

|
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Shannon’'s channel capacity

C =WIlog,(1+3NR)

or-P BT _E R
P, NW N, W

Maximum capacity: C =R,
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Shannon’s channel capacity

R _ E,
= = og, (1+ Nozﬁp

- R/ W -1 2m-1

RbNV_Ob

5
I\IO

1, spectral efficiency b/s/Hz
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Power-bandwidth trade-off

25

Bluetooth@

20 =2 BW limited

15 /
10 ® GSM /

5 @ 1595 //
power Iimited//
0

-5

E/N, [dB]

25 -20 -15 -10 -5 0 5 10

1, [dB
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Power spectral density

Wiener-Kinchine theorem:




Bandwidth definitions

G(f) +  -3dBBW

< > f
H
null-to-null BW

absolute BW:  freq. range for which G(f) > 0
99% BW: freg. range where 99% of power is
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Digital transmission chain

| nformation bits 011000110001101101110010

e e d e e e d e e d

m—p Symbolmapping 5, S, S, S, 8 & 5 S

Line coding B H B B
Pulse Shaping A A A

RF upconversion ,l,n”l, ”lm I’l”‘ll .w lx‘l‘x“ Hlm 'll‘w

—— ‘
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Constellation diagram

__________
/z \\ /z \\
Ve N Y N
/ A\ / S\

/ d..\ / \
/ < IR > \
/ \I \
| \
! —@ ® | |

]
' —1/E /| 1/E /
\ S A S /
\ / \ /
\ / \ /
N . N P
S -’ N -’
\\~ ’, \\~ ’,

Orthogonal: | # | i
gor J Normalize by /2/T

Igo,(t)qu (t)dt =0

‘ = e
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Error probability

0 dj2 d

P, =Pr(zz 7)) =J’\/;TTexp(— 7°/2)dz=Q(z,)
Z,
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Error probability

A
7=
)
A=./2/T, OJE, Ao =+/Es
g = NOB o 0/2

d.

)

2N,

P,.=Pr(z= d—2”) = Q%ﬁ:::

(I
QO
CI 1]
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‘ = e
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‘ = e
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Offset-QPSK




W4 QPSK
T\

W -
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W4 QPSK

Oy, By.y

01

Tt/4
00

= pe

311/4

10
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Minimum Shift Keying

| 1|l 1]loflafloelololafa]eo

M SK is cos-shaped OQPSK
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Minimum Shift Keying

Sus =cos(27] f, +m(t)Aft)  Fsk with af=1/4T,

Continuous phase FSK (CPFSK)
Continuous phase modulation (CPM)
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Minimum Shift Keying

Ay,
e e A

0 T
Orthogonal frequency keying
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360°

2700

90°

-9(Qo

-270°

-360°

Minimum Shift Keying

- FSK:

C1 fef4s
AT,

0: f=f -
AT

S

T, 2T, 3T, 4T,

-y
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Symbol transistions

Q A
M SK 7, /T[
OQ PSK E Tg 21!

QPSK

‘ ’ ------------- T[
\ I --------------------

\ / ol

) /

\ ’ 0 Ts 2Tl
\\ //
I Sl
........................ -
@

0 TJ2

TS
- ‘
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Power spectral densities

10 ! !

BPSK
QPSK

M SK

] s SO
20 |--

30t

40 M-

‘ il
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GMSK

e Gaussian shaping of phase signal

NN P AWAVA!

\

b(t) —| LPF

|

2aE
P.evux =Q 2 E

VCO

ﬁ—T

|

0.68 BT =0.25

N, 085 BT -
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FSK

e logical “1”: positive frequency shift 0| 1
e logical “0”: negative freqguency shift T T

!_! : !_! !_: |Q| Q |{}| f-Af f +Af

\ l PA
b(t) — LPF VCO

L S
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Other modulation schemes

M-ary PSK: .

............
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1 05| 1 |15 2 [ 25| 3
E/NO [105 [105 | 14 |185 | 23.4| 285
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Other modulation schemes

Q
M-ary QAM:
e o (o o
® o (o o
I

e o |0 o

o o | o o
M 4 | 16 | 64 | 256 | 1024| 4096
Ny 1 2 3 | 4 5 6
E/NO |105| 15 |185| 24 | 28 | 335
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Digital transmission chain

| nformation bits 011000110001101101110010

e e d e e e d e e d

Symbolmapping s, S, S, S, 8 § S S

1/Q mapping T/A [l /T — ¢/ ¢/ i

=m==p- |_ine coding B 51 B N
Pulse Shaping A A A

RF upconversion ,l,n”l, ”lm I’l”‘ll .w lx‘l‘x“ Hlm 'll‘w

—— ‘
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Line coding

Impulsetrain - pulsetrain

[T T
Vo

 Spectral widening e unipolar e return-to-zero (R2)
e bit synchronization e bipolar  non-return-to-zero (NRZ)
e DC component  Manchester
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Line coding formats

unipolar bipolar

100101 100101
NRZ | | . .

RZ ””'L -U-D-D-U-D-&

Manchester NRZ

]
11
1

|
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Digital transmission chain

| nformation bits 011000110001101101110010

e e d e e e d e e d

Symbolmapping s, S, S, S, 8 § S S

1/Q mapping T/A [l /T — ¢/ ¢/ i

Line coding B H B B
=P PUlse Shaping A A A

RF upconversion ,l,n”l, ”lm I’l”‘ll .w lx‘l‘x“ Hlm 'll‘w

—— ‘
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Pulse shaping
hy(t)

htxa):p(t)j — T_ h,(t)
At) —{ TXfilter RX filter F— h(t)

hy (t) = (t) O, (t) O, (t) O, (¢)

K n=0
O n#0

Nyquist criterion: heﬁ (nTS) :{
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Inter-symbol interference

—— ‘
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Eye diagram

2
. A
’ eye opening
-1 = v
2

0.5T 0.0 0.5T

— ‘
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Inter-symbol interference
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Eye diagram

I eye opening

0.0 0.5T

— ‘
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Pulse shaping

Choose optimal h,(t) such that:

» spectral efficiency isoptimized (minimal BW, low |leakage)
e bit synchronization isfacilitated
* |SI effects are minimized

Choose optimal h(t)=h.(t)*h,(t) such that:

e bit synchronization is optimized
* |SI effects are minimized

— ‘
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Sinc pulse

Mg (t):SIF]_l(t])-l;gS) : Heff(f): . n_f

—h
|
—h

LI T ]
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Shaping

Nyqguest criterion remains satisfied for z(t):

OSECAS R
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Z(f)
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Ralised cosine shaping

Heff(f) :Ts

0

I
2

hy (1) = %:

imif =y

0<|f|<(1-a)/2T,

fl>(1+a)/2T,

[] —a U
+cosEﬂ-S f —1—(]5% rest

os(2mrat/T, )0 [&in(7t/T,)C

A-(4at/T.) 50

S0,

L]

W -
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Ralised cosine shaping
a=0
a=0.3
a=0.5
a=0.9

N

A2

VT,
—— ‘
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RRC shaping

h:(t)=h (t)* (1) Raised Cosine

h,(t)=h.(t)=sgrt(h4(t)) Root Raised Cosine

‘ = e
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Gaussian shaping

Hy (f) =exp(-a®f°T)

ot
0= ool

B_sgs = \/I n(2)/2
aTl

S
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Gaussian shaping

a=2.0
a=1.0
a=0.5
f
0 UT, 2T, 3IT,
t
ol 102 T, 312
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Spectral effect

-60
-1 -08 -06 -04 -0.2 0 02 04 06 0.8 1
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Digital transmission chain

| nformation bits 011000110001101101110010

e e d e e e d e e d

Symbolmapping s, S, S, S, 8 § S S

1/Q mapping T/A [l /T — ¢/ ¢/ i

Line coding B H B B
Pulse Shaping A A A

=——p RF upconversion ,l)lull ”lm I’I”‘ll .w ﬁ“u ”lm ”l‘“

— ‘
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RF upconversion

s(t) = Alt)cos{e.t + ¢t))
Vial and O modulation:

s(t) = At)|cos{¢(t))sin(e,t) - sin(¢(t)) cos(ec t)

A(t)cos((t)) ®
sin(ct)
-0 cos( ) - > S

A()sin(«t)) @
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RF upconversion

s(t) = Alt)cos{e.t + ¢t))

VialF stage. s (t) = Alt)cos(w .t — ¢(t))

s(t) = LPF{23,. (t)cos((cw, + & Jt)

= LPF{ A(t)[cos{e.t + ¢(t)) + Alt) cosl(e, + 2, )t — ()}




RF upconversion

VialF stage:

AD)cos(@et- ()

X

LO
COS( wc+ 2 F)t)

LPF

> (1)
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RF downconversion

—— ‘
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RF downconversion

g ngh IF flO -fC >> Wband
*Low IF: fio T =Whang
eZexo lF: f, -f. =0
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Coherent versus non-coherent
reception

Coherent:
r(t)
 phase reference
 phase and frequency are retrieved

f,Q
Non-coherent:

* energy detection
o differential detection (previous symbol is reference)

7 r(t ?ﬁ
r(t) — ar—
X 4

f2

|
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FOR NEXT WEEK

Read:
Chapter 5: 85.11
Chapter 6: 86.1-6.10, 6.12-6.17 (not 6.14.2)

Solve problems:
Chapter 5: 5.1, 5.5, 5.6, 5.12
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Inter-symbol interference

N
AP
7

—— ‘
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Inter-symbol interference

—— ‘
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