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voice/video (analog source)
data (digital source, machine-to-machine communications)
traffic statistics
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cellular wireless networks (GSM, AMPS¥*)
Wi-Fi
wire-line local area networks (Ethernet LANS)
public switched telephone network (PSTN)
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Frequency modulation

x(t)=A(t)cos [(;f' 2+ @) (FM),
Amplitude modulation Frequency/Phase Shift
(AM). .., Keying (FSK,PSK)...
Amplitude Shift Keying :
(ASK)... Carrier-term
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Amplitude Shift Keying (ASK) , On Off Keying (OOK)




(V) ASK Jluzs s Lwld ¢ygumw oo
Unipolar -
1054, pipialy

Qv | iHI—
— V(D)
V() : input signal (digital) V(1)
V. (t) : carrier signal

>
Ll

(Y’)ASK JL.oua awld Gwygu

olej 0392 o5 9 059>

‘ [ > f(Hz)

Unipolar X Amplitud, V
‘ 1 {0 |1 i1 0 h ',
I FRS > f(Hz)

- - Amplitud, V

M |l

f—5R, f+5R,




ASK Jluzys Lwls yguw 9o wib sl

BW,sk =Rs =R, = 2f, 1S90 g 9 LU sy

: Max Frequency of input signal (Analogue)
fs =21, : Min Sampling Frequency of input signal
Ry, = 1bit x fg =2f,,  : Min Bit Rate of input signal after 1 bit quantization (digital)
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Frequency Shift Keying (FSK)
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f : Max Frequency of input signal (Analogue)
fs =21, : Min Sampling Frequency of input signal

R, = 1bit x fg =2f,,  : Min Bit Rate of input signal after 1 bit quantization (digital)
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1. fc = (49 kHz + 51 kHz)|/2 = 50 kHz
2. Af:
A f=1(49 kHz — 51 kHz)|/2 = 1 kHz

3. bandwidth:
BW = 2[2"‘1] =6 kHz BWFSK :Z(Rb+Af )
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= MFSK (Multi or M-Array FSK)
= DFSK (Double or Binary FSK)
» DFSK (distributed)

= GFSK (Gaussian)

(PO S5 jgliins (KD (cwslS b il 5l a5 conl JFIFSK ¥ guno 090 (ol
Soled 30 9 2l Eae ol 039> (s SIS (o903 plyl uled 4o 9 FSK sledly
dguzoli FSK Wil (sby (55955 sk 45152) yooro 0 54 il (sl y g0 S
S 0 00liiwl GFSK 4y gur 9o 0guis 31 392 g0 Cigi gy @iz @l ke, (o




FSK 9 ASK 5L@wY3M ML0.0

o9 ol FSK 008 55000 40055 5 s5yl90 g st 53 U 09 Qlsl ASK 050 55000 dogs o (535190 9 ter 3 ¥

YU il 8 sl 5 O oml @0 glas )l

ST I s by JS15 391 Sl 0
YU i

ol SHo Caond 13,1 45 g L5
e cole Solw a5 59,150

(SFauSs g )l 5038 Jarly e 5 T o g FSK o Jliuas 35 (6 55 51K 5905 ¢
! o.xg..b)fASK S (S e

Py g o Sloe s IASK Jlio jo  guwwlus JSlos &l JIFSK o s @
a8 9 ASK 31 pidicn pl 08 3L Wb by JLI b |).J Sl adl a5 009 410,95

15

0]
o
o

PSK Jtwnss 56 o soi

99 o 1L 0 (69959 0010 Caurdg s aimsly )5 PSK L 5 (ygum¥guo 5o ®
90 Jolio 1 90 00 yuS 50 (s 5 5l oy 5 el g o yit) BliSo (631 Caridg
I goL ) )95‘)?9.\.0 a oé)|3 P ;‘ 4\5.0)5194 aw G»SSM (aslo 180°
140311 00 151 o) Cany yndd s I coilons (B yoid (900 0,15 316 ol

0 i 1 0 T

Phase-Shift Keying
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BWpsk = Ry = 2BWyasepand S0y gl SLIUSKw iy
BW, aseband : Max Frequency of input signal (Analogue)
fs =2 BW, ssepand : Min Sampling Frequency of input signal

Ry, = 1bit X f5 =2 BW,sepana - Min Bit Rate of input signal after 1 bit quantization
(digital)

17

Jlw
sl (P9 y20 IOMDDS (559,9 o & 55§ TOMHZ ;15 uils 8 b SIPSK JUSw
LS Wb LS 13 oo 9 o2 350 (Y Wb Ly oo ()
R, N
Bl aseband = > 5 MHz. Minimum Wy, =2B, ...¢ =10 MHz.

Maximum side frequency: f, +% =75 MHz.

Minimum side frequency: f, —WB—ZPSK =65 MHz.

BPSK spectrum
ANYAR
-t | esMfc 75M
~70 M 70 M 18




BPSK skes 529

BPSK =

=955 33 g Tyo S wbl "0 (63959 Cun aziliz g9 (il 50 PSK gL
(inverted sine wave) o 4wls b owghimw "1 Gy g1y g9 ouuls S| j95¥ guo
00,5 (o0 Mg

10903 0;Lal 323 9,l90 42 lgie £ 95l 55k slo (S 3

PSK g4 (y 55 00l O

ol b sleail, O

& oslarle Obls )l i o Leodow 10 —wlic O

BPSK w203,

L se
JB1a (Souuud (g pmlp 5o Vb Cadgan

Tlreel SO 59 a4 bodwo 8 5K olotls] puonal’ S 0 pS Al (6l ™

glna
Silw dgdo |y digod pw e SO Cawl jolB Loy
Yo g5 b oy, slp bl =
SIS ol sl 2l IS =

Slide 20




Amplitude Modulation and Frequency

Modulation
Information 1 0 1 1 0 1
+1
Amplitude
Shift
-1

Map bits into amplitude of sinusoid: “1” send sinusoid; “0” no sinusoid
Demodulator looks for signal vs. no signal

+1
Frequency
Shift
Keying L 0 2 S

Map bits into frequency: “1” send frequency f .+ d ; “0” send frequency f, - &
Demodulator looks for power around f, + & or f_ -3

Phase Modulation

Information 1 0 1 1 0 1
+1
Phase
Shift
Keying 0 4 t
-1

e Map bits into phase of sinusoid:
— “1” send A cos(2mft) ,i.e. phaseis 0
— “0” send A cos(2mnft+m) ,i.e. phaseism

e Equivalent to multiplying cos(2nft) by +A or -A
— “1” send A cos(2ntft) , i.e. multiply by 1
— “0” send A cos(2nft+m) = - A cos(2mft) , i.e. multiply by -1




Modulator & Demodulator

Modulate cos(2xf.t) by multiplying by A, for T seconds:
Ac  — &) — Yi) = A cos(2nf)
cos(2nft) Transmitted signal

Demodulate (recover A,) by multiplying by 2cos(2xf.t)
for T seconds and lowpass filtering (smoothing):

Y(t) = Acos(2nf,) ’ Lowpass X(0)

\ Filter
2cos(2nft)

2A, cos?(2nf.t) = A, {1 + cos(2n2f 1)}

Received signal

Example of Modulation

Information 1 0 1 1 0 1
+A

Baseband

Signal 0o T| 2T a1 47 5T 6T
-A

ossaes LI
X(t) A UU%
/N

A cos(2nft) -A cos(2nft)




Example of Demodulation

A{l + cos(4nft)} -A{1+ cos(4nft)}

X(t) cos(2xf.t)

After multiplication A NWVW / WWW WM
at receiver . | .
W

Baseband
signal discernable

Recovered
Information 1 0 1 1 0 1

Quadrature Amplitude Modulation (QAM)

* QAM uses two-dimensional signaling
— A, modulates in-phase cos(2nft)
— B, modulates quadrature phase cos(2nf.t + n/4) = sin(2nf.t)
— Transmit sum of inphase & quadrature phase components

Ay —>’ — Y,(t) = A, cos(2nf_t

cos(2xf t) —Y(1)
_ Transmitted
B, _.’—» Y,4(t) = By sin(2nft Signal
sin(2nf t)

e Yi(t) and Y,(t) both occupy the bandpass channel
e QAM sends 2 pulses/Hz




QAM Demodulation

Lowpass

Y(1) filter
\ (smoother)
2cos(2f.t)

2c0s?(2#f t)+2B, cos(2#f t)sin(2 f )
=|A {1 + cos(4rf t)}+B, {0 + sin(4 1)}

Lowpass
-_ * filter > By

\ (smoother)
2sin(2f )

2B, sin?(2f t)+2A, cos(27f t)sin(27f t)
= B {1 - cos(4af t)}+A, {O + sin(4ft)}

- )
'

Ay

—
smoothed to zero

smoothed to zero
27

Why Digital-to-analog modulation ?

[ Digital signals can be transmitted directly
at baseband.

O For wireless RF transmission some form of
modulation is required to shift the spectra.

1 Here key concerns are bandwidth
efficiency and implementation complexity.
These are affected by:

base band pulse shape
phase transition characteristics

28




Example

A signal has a spectrum with frequencies between 1000
and 2000 Hz (bandwidth of 1000 Hz). A medium can pass
frequencies from 3000 to 4000 Hz (a bandwidth of 1000
Hz). Can this signal faithfully pass through this medium?

Example

A signal has a spectrum with frequencies between 1000
and 2000 Hz (bandwidth of 1000 Hz). A medium can pass
frequencies from 3000 to 4000 Hz (a bandwidth of 1000
Hz). Can this signal faithfully pass through this medium?

Solution

The answer is definitely no. Although the signal can have
the same bandwidth (1000 Hz), the range does not
overlap. The medium can only pass the frequencies
between 3000 and 4000 Hz; the signal is totally lost.




Low-pass and band-pass

Amplitude
0 h Freq;ency
Low-pass channel
Amplitude
h 13 Freqaency

Band-pass channel

31

Digital transmission needs a
low-pass channel.

Analog transmission can use a band-

pass channel.

32




What are the different Types of Digital-

to-analog modulation ?

O ASK involves turning a carrier on and off to
represent the binary values.

OFSK involves switching between two frequencies
that represent the binary values.

PSK involves switching between two phases that
represent the binary values

O QAM is a combination of both ASK and PSK

33

Types of digital-to-analog modulation

Digital/analog
modulation

ASK FSK I PSK

----------- > QAM |<-——————————
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What is the difference between Baud rate

and Bit rate

Bit rate is the number of bits per
second. Baud rate Is the number of
signal units per second. Baud rate is

less than or equal to the bit rate.

35

Bit and Baud

Baud rate = NV Bit rate = NV
0 1 0 1 0 0 0 1 0 1 0 1 0 1 0

Baud rate = V Bit rate = 2NV

0 1 0 1 0 0 0 1 0 1 0 1 1 1 0

Baud rate = NV Bit rate =3/NV
0 1 0 1 0 0 0 1 0 1 0 1 1 1 0

Quadbit
Baud rate = NV Bit rate = 4N

0 1 0 1 0 0 0 1 0 1 0 1 1 1 0

SRCARGNE

36




Example

An analog signal carries 4 bits in each signal
unit. If 1000 signal units are sent per second,
find the baud rate and the bit rate

Baud rate = 1000 bauds per second (baud/s)
Bit rate = 1000 x 4 = 4000 bps

37

Example

The bit rate of a signal 1s 3000. If each signal
unit carries 6 bits, what 1s the baud rate?

Baud rate = 3000 / 6 = 500 baud/s

38




Describe Amplitude Shift Keying

Amplitude
A
Bit rate: 5 Baud rate: 5
1 bit 1 bit 1 bit 1 bit 1 bit
0 1 0 1 0

1 baud E 1 baud E 1 baud E 1 baud E 1 baud

Y

< 1s

Amplitude-shift keying (ASK) is a form of modulation that represents
digital data as variations in the amplitude of a carrier wave.

39

The simplest and most common form of ASK operates as a
switch, using the presence of a carrier wave to indicate a
binary one and its absence to indicate a binary zero.

This type of modulation is called on-off keying,

- | Acos(2ft)  binaryl
: _1 0 binary 0

{a) BASEBAND PCM SIGNAL

1 0 1 l 0 1 0 0

Time

(b} AMPLITUDE-SHIFT KEYING (ASK) SIGNAL

WAL OAMAAAAL — AAAN
LU

Time

40




What is Relationship between baud rate and

bandwidth in ASK

Amplitude
A

Minimum bandwidth = N ,,q

Y
Y

Frequency

(f.;' o jvbaud/ 2> Cf;' + Nbaud/ 2)

41

Example

Find the minimum bandwidth for an ASK signal
transmitting at 2000 bps. The transmission
mode 1s half-duplex.

42




Example

Find the minimum bandwidth for an ASK signal
transmitting at 2000 bps. The transmission
mode 1s half—-duplex.

In ASK the baud rate and bit rate are the same. The baud

rate is therefore 2000. An ASK signal requires a
minimum bandwidth equal to its baud rate. Therefore,

the minimum bandwidth i1s 2000 Hz.

43

Example

Given a bandwidth of 5000 Hz for an ASK
signal, what are the baud rate and bit rate?

44




Example

Given a bandwidth of 5000 Hz for an ASK
signal, what are the baud rate and bit rate?

In ASK the baud rate is the same as the bandwidth,
which means the baud rate is 5000. But because the baud
rate and the bit rate are also the same for ASK, the bit
rate is 5000 bps.

45

Example

Given a bandwidth of 10,000 Hz (1000 to
11,000 Hz), draw the full-duplex ASK diagram
of the system. Find the carriers and the
bandwidths in each direction. Assume there is
no gap between the bands in the two directions.

46




Example

Given a bandwidth of 10,000 Hz (1000 to
11,000 Hz), draw the full-duplex ASK diagram
of the system. Find the carriers and the
bandwidths in each direction. Assume there is
“““““ batween the bands in the two directions.

For full-duplex ASK, the bandwidth for each direction is
BW = 10000 /2 = 5000 Hz
The carrier frequencies can be chosen at the middle of
each band
fc (forward) = 1000 + 5000/2 = 3500 Hz
fc (backward) = 11000 — 5000/2 = 8500 Hz

47

Solution to Example

Amplitude
A

fc(backward) f;(forward)

Frequency

1000 3500 6000 8500 11,000

48




Describe Frequency Shift Keying

Frequency-shift keying (FSK) is a frequency modulation scheme in which
digital information is transmitted through discrete frequency changes of a
carrier wave. The simplest FSK is binary FSK (BFSK).

Amplitude
A
Bit rate: 5 Baud rate: 5
1 bit 1 bit 1 bit 1 bit 1 bit

0 | 1 I 1 | 0 I 1

1 baud E 1 baud E 1 baud E 1 baud E 1 baud

A
[
]

Y

49

Frequency Shift Keying (FSK)

Two binary digits represented by two different
frequencies near the carrier frequency

()- Acos(2af,t)  binary

W)= Acos(2xf;t)  binary 0

where f1 and f2 are offset from carrier frequency
fc by equal but opposite amounts

{a) BASEBAND PCM SIGHNAL

1 0 1 1 0 1 0 0

Time

[y FREQUENCY-SHIFT KEYING {FSK) SIGNAL

LA A AARARAR A ALAAA LA 1
VRV RV T URVRVAVAY 50

Time




what is the Relationship between baud rate

and bandwidth in FSK ?

Amplitude BW =7y = Lo+ Maud

A

Nbaud/2 fgl - fc{) -/vbaucl/2

fq 1y Frequency

51

Example

Find the minimum bandwidth for an FSK signal
transmitting at 2000 bps. Transmission 1s 1n
half—-duplex mode, and the carriers are

separated by 3000 Hz.

For FSK
BW = baud rate + f_, —f,
BW = bit rate + fcl — fcO = 2000 + 3000 = 5000 Hz

52




Example

Find the maximum bit rates for an FSK signal if
the bandwidth of the medium i1s 12,000 Hz and
the difference between the two carriers i1s 2000
Hz. Transmission is in full-duplex mode.

Because the transmission is full duplex, only 6000 Hz is
allocated for each direction.

BW = baud rate + fcl — fcO

Baud rate = BW — (fc1 — fc0 ) = 6000 — 2000 = 4000
But because the baud rate is the same as the bit rate, the
bit rate is 4000 bps.

53

Minimum frequency-shift keying

Minimum frequency-shift keying or minimum-shift keying
(MSK) is a particularly spectrally efficient form of
coherent FSK. In MSK the difference between the higher
and lower frequency is identical to half the bit rate.

As a result, the waveforms used to represent a O and a 1
bit differ by exactly half a carrier period. This is the
smallest FSK modulation index that can be chosen such
that the waveforms for O and 1 are orthogonal.

A variant of MSK called GMSK is used in the GSM mobile
phone standard.
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Minimum frequency-shift keying

« Special form of (continuous phase) frequency shift keying
— Minimum spacing that allows two frequencies states to be orthogonal
— Spectrally efficient, easily generated

Minimum Shift Keying (MSK)

. 1.5 cycles Q
Amplitude | ~ - ) A
na
| R -
| ﬂ ( } | ‘ ol
| 1 J ! Time : ——
I | ,
|'\._.f' l"‘a..ll ."..,_I__.-".
Ry 1 cycle 1 cycle

i""\ Phase continuity at the bit transitions
55

Gaussian Minimum frequency-shift keying

H6Gaussian minimum shift keying or GMSK is a continuous-
phase frequency-shift keying modulation scheme.

ATt is similar to standard minimum-shift keying (MSK);
however the digital data stream is first shaped with a
Gaussian filter before being applied fo a frequency
modulator.

dThis has the advantage of reducing sideband power, which
in turn reduces out-of-band interference between signal
carriers in adjacent frequency channels.
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Describe Phase Shift Keying

Amplitude
A
Bit rate: 5 Baud rate: 5
1 bit 1 bit 1 bit 1 bit 1 bit
0 1 1 0 1

1 baud E 1 baud E 1 baud E 1 baud E 1 baud

1s !

Phase-shift keying (PSK) is a digital modulation scheme that
conveys data by changing, or modulating, the phase of a
reference signal (the carrier wave).

57

Binary Phase Shift Keying (BPSK)

Uses two phases to represent binary digits

s(t)= Acos(2af,t)  binaryl
"YU | Acos(2af.t + ) binary 0

B [A cos(h;fc.f) binary 1
|- Acos(2,1) binary 0

(a) BASEBAND PCM SIGNAL

1 0 1 l 0 1 0 0

Time
(b) BINARY PHASE-SHIFT KEYING (BPSK) SIGNAL

LA AAAMARAAAAE AATAT LAALAAAN
R

Time
58




Draw BPSK constellation

Bit Phase
0 0 ! 9
1 180
Bits Constellation diagram

59

Quadrature phase-shift keying (QPSK or 4-PSK)

Amplitude
A
Bit rate: 10 Baud rate: 5
2 bits 2 bits 2 bits 2 bits 2 bits

01 | 10 ! 10 ! 11 : 00

1 baud E 1 baud i 1 baud E 1 baud E 1 baud

A
—_
%)

XY

60




QPSK constellation

Dibit Phase (L 1
00 0
01 90 10 @ e 00
10 180
11 270
°®
Dibit 11
(2 bits) Constellation diagram
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QPSK = 4-PSK

- Quadrature Phase Shift Keying (QPSK)

— Multilevel modulation technique: 2 bits per symbol
— More spectrally efficient, more complex receiver

Q

01 state A 11 state
L] L
A Output waveform is
T sum of modulated
o 9 Cosine and £Sine wave
00 state 10 state

- |

Phase of carrier:
nl4, 3nf4, d=l4, T=/4

2X bandwidth efficiency of BPSK
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/4 QPSK

- Variation on QPSK

— Restricted carrier phase transition to +/- =/4 and +/- 3=/4

— Signaling elements selected in turn from two QPSK constellations,
each shifted by =/4

— Maximum phase change is £135° vs. 180° for QPSK, thus maintaining
constant envelope (i.e., amplitude of QPSK signal not constant for
short interval during 180° phase changes)

- Popular in Second Generation Systems
— North American Digital Cellular (1S-54): 1.62 bps/Hz Q
— Japanese Digital Cellular System: 1.68 bps/Hz
— European TETRA System: 1.44 bps/Hz

— Japanese Personal Handy Phone (PHP)

/4 QPSK

« Advantages:
— Two bits per symbol, twice as efficient as GMSK

— Phase transitions avoid center of diagram, remove some design
constraints on amplifier

— Always a phase change between symbaols, leading to self clocking

... 0000 01...
00 00&; #

01 . P
Data E:::Se f,/ \ / I f?\x 10 00 ,ﬁ / ‘-\\ \\ 10
00 45° | L — | / 4 AR |
01 | 135° '. ,’— GT'.—T,’_ AR,
10 | -45° AT \ / \ \
1 | s 11\’\____,_ 10 N4 01 < | v

11
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8 - PSK constellation

Tribit Phase 010
000 0 ?
001 45 011 001
010 90
011 135
100 180 100 ® ® 000
101 225
110 270
111 315 101 111
o
Tribits 110
(3 bits) Constellation diagram
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What is the Relationship between baud rate

and bandwidth in PSK

Amplitude
A

Minimum bandwidth = NV, 4

Y
e X

Frequency

Cf; o Nbaud/ 2) <f<; o Nbaud/ 2)
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What is the QAM ?

Quadrature amplitude modulation is a
combination of ASK and PSK so that a
maximum contrast between each
signal unit (bit, dibit, tribit, and so on)
IS achieved.

67

4 - QAM and 8 -QAM constellations

‘ :
011

0l e ©00 T
\\ /, .

101 001
> ® ® o ® >

100 000

// \\ .
10 @ ®11 110
?111

4-QAM 8-QAM
1 amplitude, 4 phases 2 amplitudes, 4 phases
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8 - QAM in Time Domain

Amplitude
A Bit rate: 24 Baud rate: 8
3 bits 3 bits 3 bits 3 bits 3 bits 3 bits 3 bits 3 bits
101 100 001 000 010 011 110 111

|

|
A

|
[

\ |

b

|

| A
VUvV

A
v

T il \ Tome
1 baud . 1 baud l 1 baud l 1 baud I 1 baud I 1 baud l 1 baud 1 baud
If- 1s ‘;I
69

16 - QAM constellations

3 amplitudes, 12 phases 4 amplitudes, 8 phases 2 amplitudes, 8 phases

L] o
@ L] ® L] 1 !
Sa \ 1] s 1
~ ) ! . [ ] ‘ ® .\ ‘ /.
~ 7
\\ \\ .r’ ’f N : . ‘,. o .r/
~ z
o. o '@ _e@ ., & «
- NN . - N -
-~ N _ - PO T !
"'-\,_\\b,”’ ‘\Iz’ \I,/
R o--gN - - - b--¢ 0--0----Ji----0---0
PRSI RS PN
PR S - L T | ~
- s LR =~ Lo 1 ~ ] ~
[ = ® v @ 9 - ~ , ' N
agr v e ,. : q - . .\
L v \ N e S s ® N
e !’ ‘\ S [ ‘ ® [ ] : [ ]
1
o L] o L] |
¢ ®
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More Higher Order Modulation

6QAM(16-Quadrature Amplitude Modulation)

— Each IQ symbol location is represented by 4
data bits

64QAM (64-Quadrature Amplitude Modulation)
—  Each symbol is now 1worth 5 bits

Q,

Q,
e o o o

(000100) (001100) (011100) (010100)

(000101) (001101) (011101) (010101)

(000111) (001111) (011111) (010111)

(000110) (001110) (011110) (010110)

(110100) (111100)(101100) (100100)

(110101) (111101)(101101) (100101)

(110111) (111111)(101111) (100111)

(110110) (111110)(101110) (100110)

(0010) (0110)| (1110) (1010)

o o o [
(0011) (0111) | (1111) (1011)

o [ o o
(0001) (0101) (1101) (1001)

o o o o
(0000) (0100)| (1100) (1000)

(000010) (001010) (011010) (010010)

o o o o
(000011) (001011) (011011) (010011)
o o o o

(000001) (001001) (011001) (010001)

(000000) (001000) (011000) (010000)

(110010) (111010)(101010) (100010)
o e O o
(110011) (111011)(101011) (100011)
o e O o

(110001) (111001)(101001) (100001)

(110000) (111000) (101000) (100000)
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Bit and baud rate comparison

Baud rate  Bit Rate

Bits/Baud

Modulation Units

ASK, FSK, 2-PSK

4-PSK, 4-QAM

8-PSK, 8-QAM
16-QAM
32-QAM
64-QAM
128-QAM
256-QAM




Example

A constellation diagram consists of eight
equally spaced points on a circle. If the bit rate
1s 4800 bps, what i1s the baud rate?
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Example

A constellation diagram consists of eight
equally spaced points on a circle. If the bit rate
1s 4800 bps, what 1s the baud rate?

The constellation indicates 8-PSK with the points 45
degrees apart. Since 23 = 8, 3 bits are transmitted with
each signal unit. Therefore, the baud rate is

4800/ 3 = 1600 baud
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Example

Compute the bit rate for a 1000-baud 16-QAM
signal.

75

Example

Compute the bit rate for a 1000-baud 16-QAM
signal.

A 16-QAM signal has 4 bits per signal unit since
log,16 = 4.
Thus,
(1000)(4) = 4000 bps
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Example

Compute the baud rate for a 72,000-bps 64—
QAM signal.
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Example

Compute the baud rate for a 72,000-bps 64—
QAM signal.

A 64-QAM signal has 6 bits per signal unit since
log, 64 = 6.
Thus,
72000/ 6 = 12,000 baud
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Example Modulation Schemes for Wireless

FM  AMPS

o MSK (minimum-shilt keving) CT2

o GMSK (Gaussian MSK) GSM, DCS 1800, CT35, DECT

e ()PSK NADC (CDMA) - base transmitter

e OOPSK  NADC (CDMA) - mobile transmitter

e 7/4-DQPSK  NADC (TDMA), PDC (Japan), PHP (Japan)

o M-ary PSK (some wireless LANs)
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Example Modulation Schemes for Wireless

Digital Modulation Classification

Constant-envelope methods: Allow use ol less expensive
amplification (not dependent on signal amplitude) at the expense
ol out-olband emissions. Limited to a speclral elliciency ol about 1
bit /sec/Hz.

Examples: MSK. GMSK

Linear methods: Higher spectral efficiency, but must use linear
amplifiers to maintain performance and to limit out-of-band

CISSI0NS.

Examples: PS5k, QADM
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Example Modulation Schemes for Wireless

State ol the technology:

Bandwidth etheiency: 1 < n < 2
Speech encoder rate: B; = 4 8 kb/sec

Oscillator stability: &~ 1 x 10 Y/vear implying A [ < 1 kHz at 900
MHz (long-term)

Examples:

e NADC (TDMA}: 48.6 kbps in 30 kHz

o (GSM: 34 kbps in 25 kHz
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