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Sampling receiver
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MAP: i that maximizes p(z|si) p(si)
i that minimizes ||I’—Si||2 -N,InP(s;)
P(s;) = a priori probability of symbol s,

ML: ithat maximizes p(z|si)
i that minimizes |r —s; |

Raised cosine pulse v(t)= sin(7UT,) cos(rat/T,)
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Average energy per symbol
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Energy per bit vs. energy per symbol
E,log, M =E,

Conversion of I/Q space to signal space
M-E
(80)= fr (gl

P @) )]

i=1

Coordinates

Signal Space Coordinates

I/Q Space

QAM n=1log, M

square QAM case M=L?

1 3log, M E 6log, L
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Union bound

2K D, 2K E
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K is the number of pairs of signals sepa-

rated by the minimum distance Dmin
Minimum distance in signal space

Dmin
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Loss with respect to QPSK
d_. =+/x~/2 perte=—-10log,, x

For orthogonal modulation
. M/2
P, (bit)=PR, = P, (symbol
e( ) b e( y )M _1
For non-orthogonal modulation
with gray coding

P bol
P, (bit) B, = F2(ymbol)
log, M
Spectral efficiency
n :& ) bits/s
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MPSK coherent detection n=Ilog,M T
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wyfth= \/? £as wpt

Choose g‘“‘
srallest

T
T - Y- Jn rithig ek dt

Pe(l\/l)zZQ[\/Zl\l?ssinﬁJzzQ(\/ZEb:\lﬂsinﬁ}

MFSK coherent detection n _2log, M 4

Reference M +1
signals
siit) Decision
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n
Comparator
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Minimum separation 1/2Ts

DPSK non-coherent detection
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Delay
T

Reference

T Decision
0 stage

Coherent detector

5(1)

Loss of 1 dB between DPSK and BPSK P, =%e‘Eb/NO

Trigonometric relationships

sin(a+ ) =sinacos S +cosasin B

cos(a + f8) =cosacos S Fsinasin 4
c0s20=2cos’@—1=1-sin’d tan@=sing/cosH

Gram Schmidt Process
Wl(t):%sl(t) Where EléIOT s (t)dt
6,(t) 2.5, (t) = (s, (1) W () (1)

E,af 0 (t)dt z(t)fzfg)
L 0)=5(0)-X (s 0w O )
: ()

Shannon's Law

E. R
C =W log, (1+SNR SNR=—2_"2
+{ ) N, W
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N, C W N,
ISI effect

Received waveform, w . (1)
(sum of pulse responses)

Input Waveform. w alll Individual puke response

Sampling points

Sampling points
(receiver clock)

Sampling points
{transmitter clock) (recewver clock)

MFSK noncoherent detection 7 =MTMT

Bandpass filters centered
at f; with bandwidth Wy= 1/T

Filter [Envelops] 217
1 detecter
) = 56) + ) Filter Envelops 27 | pecision FiE)
! ' o fa detector stage e
. Filter Envelope| #4\)
il detector

P.(BFSK) =%e5b/2No

Loss of 1 dB between coherent and non-co-
herent detection for BFSK
Minimum Separation 1/Ts

T In assuming an ideal Nyquist pulse
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