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PROBLEM 1. Suppose we have a linear time invariant channel, i.e.,
V(D) =Q(D)X(D)+ Z(D);
with

Sz(D) = Q(D)Ny
Q(D) =a*D' + 1+ aa* +aD
0<lal <1.

(a) Find the zero forcing and minimum mean square error linear equalizers Wypg(D)

and WyseLe(D). Use the variable b = (go)(1 + m) in your expression for
Wamse-Le (D).
Hint. ¢
qoCx
SNR =
MFB Ny

(b) By substituting e#?™ = D and taking &,/Ny = 10, use MATLAB to plot (for
different values of §) W (e’?™) for both ZFE and MMSE-LE for a = .5 and a = .9.
Discuss the differences between the plots.

(c¢) Find the roots 71, ry of the polynomial
aD?* +bD + a*.

Show that b* — 4aa* is always a real positive number (for |a| # 1).

Hint. Consider the case where
Show that ryr; = 1.

svr = 0. Let ry be the root for which [ry| < |ry].

(d) Use the previous results to show that for the MMSE-LE

1 D 1 1 T2
WD) = E(D—rl)(D—rg) B a(rl—rg)(D—rl B D—Tg)‘

(e) Show that for the MMSE-LE, wy = \/ﬁw. By taking m = 0, show that for
the ZFE, wy = —

l—aa* "

(f) For & =1 and 0% = 0.1 find expressions for o2pg, CynsE.LE, VZFE aNd YMMSE-LE

Hint.
SNRyrs

Yzre = 101og;, SNRym

and
01 SNRuvreB
e = Ulog g oo
YMMSE-LE 810 SNRyMMSE-LE

(g) Find vzrg and ymuseLE in terms of the parameter a and calculate for a = 0,0.5, 1.
Sketch YZFE and ’VMMSE—LEfOI' 0<ax<l.



