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Generalized Matched Filter O

0 Inthe previous lecture, we considered transmit and receive
filter design for AWGN channels

0 Root-Nyquist filters combine the matched filter (max
SNR) and the Nyquist criterion (zero 1SI) in AWGN
channel

0 Topic of thislecture:

How to generalize these ideas for a linear channel with
colored noise spectrum?

0 Terminology: receiver processing for compensating for
linear channel effectsis called equalization
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Generalized Matched Filter...

0 System model:

Colored noise

n(t)

Linear channel

8, Jt-KT)

h(t) 0 (+) hot) > > F
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Generalized Matched Filter... O

0 Notation: x(t) = Z ao(t—KT), r(t)=h(t) Oc(t) Ox(t) +n(t)

y(t) = he (1) O (1) = he (8) Ce(t) Chy (6 * (1) + he (6) E(t)
= g(t) +ng (1)

X(t) = input signa (symbol sequence)

h.(t), hg(t) = transmit and receivefilters

c(t) = channel impulse response

n(t) = additive Gaussian noise (colored): Sa(f)zl\zloﬁo(f)
Normalization: “

[Sa(Def =2
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Generalized Matched Filter...

Assumptions:

0 Tx filter h(t) isfixed

0 Rx filter hg(t) isto be optimized

0 Optimization criterion: max SNR at Rx

0 Channel c(t) and noise power spectrum S,(f) known at Rx
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Generalized Matched Filter...

0 Pulse waveform after receive filter (without noise):

g(t) =y (O T6() The (1) = [Hr (F)C()H (F)e™"df

0 Pulse energy at sampling instant:
2

g0 = }HT(f)C(f)HR(f)df

0 Noise power (after Rx filter):

er0]="3 R a0 =2 (VS0 o
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Generalized Matched Filter... O
0 Resulting SNR: @ 2
g2 |[JHr(DCH ()
SO Nt () 5T o
0 Use Schwarz inequality:
[IHeC() oD o [JHe(HySa(D)]
SNR< = _ S
2 [iHe (S0 et
=2 (O ST df =SNR,,
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Generalized Matched Filter...

-
0 Max SNR obtained when:
(f)C(f)D
He(F)y/S,(f) =
H(f)C*(f)
s H.(f)=k,—~1= 7/
r(F) =k S.(1)
0 GMF waveform:
- H (f)C*(f)U
(0 = Fick, PrtDC (g
0O So(f) O
= kohy (=t) De(=t) On, (t)
o e L
Generalized Matched Filter... O
0 GMF waveform interpretation:
he (t) = Kohy (=t) Ce(=t) O, (1)
ko, = constant
h.(-t) = pulse matched filter
c(-t) = channel matched filter
n,(t) = noise compensation (NOT whitening!)
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Generalized Matched Filter...

0 Example of GMF use: RAKE receiver in CDMA
— chip-level pulse shaping (Tx) & matched filter (Rx)
— signal spreading with code (TX) & code-matched filter (Rx)
— channel (Ch) & channel-matched filter or RAKE (RX)

0 Possible because IS can be neglected

0 Usual problem: ISI! (Not considered by MF at all!)
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GMF with Nyquist criterion O

Assumptions:

0 Tx filter h(t) and Rx filter hg(t) are to bejointly optimized

0 Optimization criterion: max SNR at Rx with zero IS
constraint ( = Nyquist criterion)

0 The Nyquist spectrum Gy(f) is chosen (e.g. raised-cosine)
and normalized so that peak pulseat Rx gy (0) =1

0 Channel c(t) and noise power spectrum S,(f) are known both
at Tx and Rx
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GMF with Nyquist...

0 Nyquist constraint:

G(f) =Gy() =H (F)C(f)H:(f)

_ Gy(f)
BT e
0o GMF solution:
HI(f)C*(f)
H(f)=—1/"=" 17 2
(D= @
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GMF with Nyquist...

0 Combined solution (linear-phase Rx):

iy =d&(DS(0 o G
' ch) sl

0 Pulse spectrum G(f) = G(f), gy (0) =1

0 Noise PSD at Rx output: SnR(f):’\Z'OGN(f)

0 Noise power: E[nR(t)]__IG (f)df - No

N
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GMF with Nyquist...

0 SNR after Rx:
9’0 _ 2

TERO] N,

0 Hence, the SNR is the same as that of an AWGN channel!!!
0 Thejoint design of Tx and Rx filters with GMF&Nyquist

thus completely compensates for channel effects!

0 Problems:
— channel needs to be known at Rx&Tx
— Tx power increase for low-gain channels
— C(f) = 0: Tx filter non-realizable!
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[11. Nyquist only: Zero-forcing equalization

Nyquist only: Zero-forcing equalization O

Assumptions:
0 Tx filter h(t) isfixed
0 Rx filter hg(t) isto be optimized
0 Optimization criterion: zero 1Sl at Rx (Nyquist)
(- Noise completely neglected in the design!)
0 Channel c(t) and noise power spectrum S,(f) known at Rx
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Nyquist only: ZF equalization...

-
0 Composite pulse spectrum to be Nyquist: G(f) = Gy(f)
— Solution for Rx filter directly:
Ho(fy=— Cu(D)
) H. (f)C(f)
0 Assumeroot-Nyquist Tx filter:  H,(f) =,/G,(f)
S Hg(f)= VG (1)
C(f)
e rocesrg oty
Nyquist only: ZF equalization... O
0 Noise power:
2] No ¢ 2 \GN(f)\%o(f)
EIR2(0)]=—2 [[Ha(F)So(f)df =—2
eo]="3 fire() o cof
0 SNR:
_ 9%(0) 1
TER®] T N, TG (TSR
2 I |C(f)|
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Nyquist only: ZF equalization... O

0 Problems of the ZF Equalizer:
— noise enhancement for low channel gain (small valu€gfyf
— C(f) = 0: ZF equalizer impossible to implement
0 Ingeneral, employing exact Nyquist criterion in practical
equalizersis problematic
0 Develop other design criterial
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Summary

Today we discussed:

Optimal linear equalizersfor linear channels 1
|. Generalized matched filter

[1. GMF with Nyquist criterion

[11. Nyquist only: Zero-forcing equalization

Next week: Optimal linear equalizersfor linear channels I
0 MMSE equalization
0 Discrete-time finite-length FIR Equalizers
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