OFFSET QPSK

90 degree shift in phase

180 degree shift in phase
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OFFSET QPSK

Input
binary 0 1 1 0 1 0 0 0
sequence ¥ — e T
Dibit 01 Dibit 10 Dibit 10 Dibit 00
(a)

0dd-numbered sequence 0 0
Polarity of coefficient s;; -

A VA A VAV AV AV A7 v e

(b)

Even-numbered sequence
Polarity of coefficient s;,




OFFSET QPSK

« \Whenever both bits are changed
simultaneously, 180 degree phase-shift
OCCUTrS.

« At 180 phase-shift, the amplitude of the
transmitted signal changes very rapidly
costing amplitude fluctuation.

« This signal may be distorted when Is
passed through the filter or nonlinear
amplifier.



OFFSET QPSK

Filtered signal




OFFSET QPSK

* To solve the am
problem, we pro

* Offset OPSK de

nlitude fluctuation
0ose the offset QPSK.

ay the data in guadrature

component by T/2 seconds (half of

symibol).

* Now, no way that both bits can change at

the same time.



OFFSET QPSK

* In the offset QPSK, the phase of the signal
can change by £90 or 0 degree only while
In the OPSK the phase of the signal can
change by £180 £90 or O degree.



OFFSET QPSK
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Offset QPSK

P0ssible paths for switching between the
message points in (a) QPSK and (b) offset QPSK.



OFFSET QPSK

« Bandwidths of the offset QPSK and the
regular QPSK Is the same.

« From signal constellation we have that

P. = erfc _E
2Ny

« \Which Is exactly the same as the regular
QPSK.



t/4-shifted QPSK

« Try to reduce amplitude fluctuation by
switching between 2 signal constellation
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m/4-shifted OPSK

« As the result,
the phase of the
signal can be
changed In
order of /4 or
+3m/4




m/4-shifted QPSK

« Since the phase of the next will be varied In
order of £n/4 and £3w/4, we can designed the
differential w/4-shifted QPSK as given below

Gray-Encoded Input Data | Phase Change in radians

00 +71/4
01 +371t/4
11 -37t/4

10 -1t/4
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w4-shiited QPSK:00101001

Step | Initial |Input Dibit| Phase | Transmitted
phase change phase
1 /4 00 /4 /2
2 /2 10 -t/4 /4
3 /4 10 -mt/4 0
4 0 01 3n/4 3nld




w/4-shifted QPSK

? [ /\/\g



t/4-shifted QPSK

« Since we only measure the phase different
petween adjacent symbols, no phase
Information Is necessary. Hence, non-
coherent receiver can be used.
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Block diagram of the z/4-shifted DOQPSK

detector.

Phase-difference
computer
In-phase

component, /
Modulo-27

correction
logic

Arctan (Q/I)
computer

Quadrature
component, Q

Estimate of
transmitted data
sequence
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« |llustrating the

n/4-shifted QPSK

Imaginary

pessihbility of phase Symbol k

angles wrapping
around the positive
real axis.

Symbol k-1
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M=-array PSK

« At a moment, there are M possible symbol
values being sent for M different phase
values, 6; =2(i—1)z/ M
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V-array PSK

« Signal-space diagram for
octa phase-shift keying (1.e.,
M= 8). The decision
pboundaries are shown as
dashed lines.

« Signal-space diagram
lllustrating the application of
the union bound for octa
phase shift keying.
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M-array PSK

« Probablility of errors

~.dyy =dig = 2JEsin(z/M)

P, zerfc( NESin(ﬂ/M)} M >4
0

20



W
o

H
o 1

n
S
o
=
(V)
[e)
o]
€
>
wn
Y—
o
)
h—
B
@©
Qo
o
S
o

N
o

H
o 1

— QPSK

—— 16-ary PSK

5




M=-array PSK

« Power Spectra (M-array)
SPSK (f) = 2ESinC2(Tf )

= 2E,, log, Msinc?(T, f logo, M)

* M=2, we have

Sgpsk () = 2Epsinc?(T, f )
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V-array PSK

« Power spectra of M-ary PSK
signals for M = 2, 4, 8.
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M=-array PSK

« Bandwidth efficiency:

« We only consider the bandwidth of the main lobe (or
null-te-null bandwidth)

2 2 2R,

T Tplog, M logy M
= Where B Is the bandwidth of the transmitted data
= Bandwidth efficiency of M-ary PSK Is given by

R R
p:—b:—bI092 M =0.5log, M

B 2R,
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M-ary QAM

« OAM = Quadrature Amplitude Modulation

« Both Amplitude and phase of carrier change
according to the transmitted symbol, m:.

5 (t)= 250 a; cos(27f.t)— Zfob sin(2:t), 0<t<T

where a; and b; are integers, E; Is the
energy of the signal with the lowest
amplitude
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M=-ary QAM

« Again, we have

¢1(t)= \/gcos 2t 0<t<T

¢z(t)=\/$sin 2t 0<t<T

as the basis functions

There are two QAM constellations, square
constellation and rectangular
constellation

yAS



M-ary QAM

« QAM square Constellation

= Having even number of bits per symbol,
denoted by 2n

=« M=L X L_ possible values

= Denoting
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3, b | =

16-QAM

(-33) (13) @&3) (33
-3 (-11) @) (31
(-3-1) (-1-1) @-1) (3,-1)
(-3-3) (-1-3) (@-3) (3,-3)

yAS



™ e 3d/2 e e
1011 1001 1110 1111
. e d2 . .
1010 1000 1100 1101
| I | |
—3d/2 —df2 dr2 3d/2
e ® /2 ® ®
0001 0000 0100 0110
. .—Sdf2 B . .
0011 0010 0101 0111

—3d/2

-dl2 0 df2

(b)

L-ary, 4-PAM

3d/2




QAM Probability of error

« Calculation of Probablility of errors

= Since both basis functions are orthegonal, we
can treat the 16-OAM as combination of two
4-ary PAM systems.

= [For each system, the probability of error Is
given by
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16-OAM Probability of error

= A symbol will be received correctly if data
transmitted on both 4-ary PAM systems are
recelved correctly. Hence, we have

P. (symbol) = (1— P, )

= Probablility of symbol error Is given by

P, (symbol) =1 P, (symbol)=1—(1— P! )?

=1-1+2P, —(P})? ~ 2P,
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16-OAM Probability of error

s Hence, we have

P, (symbol) = 2(1 — ﬁjerfc[
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