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Outline

Intro to Equalization

ZFE

— Zero-Forcing Equalizer

MMSE

— Minimum-Mean-Squared Equalizer

DFE

— Decision-Feedback Equalizer
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1.2 Overview

« To maximize SNR and eliminate ISI| set

[He])] = «(B[F Il = (A=) IBIEC"
G .1 TAE

 These may be hard to implement
— Let TX and RX focus on pulse shaping & noise

* [ntroduce another filter to focus on ISI
— The equalizer
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12.2 Equalizer Types

 Filter-Based « Other
— Linear (Transversal Filters) — Maximum-Likelihood Sequence
- ZFE Estimation (MLSE)
« MMSE * Viterbi
— Non-Linear
- DFE
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12.3 Zero-Forcing Equalizer (ZFE)

 If this is the impulse response before your detector...
)/ mi /';2 yqtmm/ ?ef
[ b Sk h]
— re3ponse. — L 5 ¢
-ZT =T O T I 2T

o

« The ZFE attempts to achieve...
A(mT)
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ZFE Response

» This response is effectively achieved by...

A(wT) |
x(t)
= I e
—— —
« ...Inverting the channel
| : Y -6.6F)
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ZFE Filter Structure

 This channel inversion can be achieved with...
— FIR filter structure (transversal filter)

x(t)

==

|

Cw

— x is the equalizer input (with ISI)

Cown

e

+

— z is the equalizer output (without ISI)

: x(})

he |
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ZFE: Formal Signal Description

. Math for FIR filter ) T R
input/output 2 N b
relation... + -

—2(1[) = i cn X (t-nT)

hs=N

z(uT) = = Cu X(mT-nT)

ne=-N

« Convenient to describe WHOLE ZFE impulse response
— i.e. the whole of z for any particular channel input
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ZFE Channel Response

« Capture entire ZFE response
— using convolution matrix X

= - X -

N

e X
— state of equalizer as a function of time
« state: the signal value at each tap

X/“L) T
. For- y | C-'
. — -
— a channel impulse i 5 ‘)E ‘LI"LL’,T i i
. (]
response of K impulses

— into an equalizer of N+1 taps
 We have a z how long?

e
chaxne/ IﬂMPU/“ respenf,
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ZFE Channel Response

= = X SR
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Desired Response

« What output do you want from equalizer?

g = }? T
2 |
}/oUV‘ JQSI’NOQ 0u7;bv7L Veffwj a 1 ay,d{ ﬂ_g /*QS7L &l ros

« And how do you get this?
— using math

=l

= = X

 And what if X is not a square matrix?

z
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ZFE Coefficients

« Book approach...
« ...Just make ZFE square!

r{-——-—- N+ —0>

-------- ]

| | X(0) |

K__ZA/'J"/ | ~ !l
| S

g e X(0)!
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ZFE Example

* Channel response:

Tx(-r) (3¢ |
x(o) |230 |
K x(1) | 97 mV = x
lX(Z) 37
X(3) | 12
» Say you want: s
l
2= | o
o
[Ra0r,
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Answer

« Square convolution matrix:

P e e =]
s 97 230 3¢ O o
sl 3Ll B S e
i9 37 97 230 3¢ J
0 12 37 97 23D
“O.FF Norme /24 =077
L 7.93 | using 62
¢z X Z=|-19¢ <i o
0. 14 Je: _OIF|
[-0.13 | Lol4 J
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ZFE-LS

« Least-squares (LS)
— A standard approach to the solution of over determined systems

/Z—XE/
Z (‘Z.: = JZX.',' < )Z

— minimize difference-squared between z and product of chosen ¢
with x

Ez.s :'(XT'X) X S
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Noise Enhancement

ZFE and ZFE-LS is SINGLE-MINDED!
In compensating only to remove [SI...

TH. | ] NMHe[ i

\/ C&MFQMSQ}"W
> f >+

I

...noise is amplified

— noise enhancement /’ 14
= r3
* You compensate to
get back your original e 3
signal

— ...and in the process you increase the net noise into detector
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12.5 Minimum-Mean-Squared Equalizer

« Seek a compromise between IS| and noise enhancement
* Instead of least-squares to minimize ISI...

e V2 = ‘-T...—
Ea: C'Z-FE: (XTX) X

e ...account for SNR
d Io’dh/r/' qu'MX

_ -] ._.-
ZMMSE = ( )(r X )
SVR
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MMSE

« MMSE allows a bit of ISI

— but has less noise enhancement

« MMSE not straightforward to apply
— noise may not be known
— harder to make adaptive
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12.6 Decision-Feedback Equalizer (DFE)

A non-linear approach s
0.8
 If you know which bit is 206
transmitted you know £
exactly what ISl it will cause <%
(in postcursor) 0.2/

o

« Why not just directly cancel 0z 4 & 8 10 12 14 16 10

the coming ISI?
PN,OUVSOV ouT POS‘fGW‘SoV‘

AN
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« Key advantage: no noise enhancement
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DFE

* Only handles postcursor
— May need linear filter for remove precursor

’f. FF f - __/ o _ 5 [ ]DNO(IJ:‘SOV\SOW _POS‘fGUVSoV'
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