ECOLE POLY TECHNIQUE FEDERALE DE LAUSANNE
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Solutions - Homework 8 December 8, 2010
PROBLEM 1.

(a) For the Zero-forcing equalizer we have,

1 1

Wazre(D) = QD) aD'+1+aa" +aD (1)

For the MMSE-LE we have calculated in Problem 1- Part (c) that,

1
Wymse-re(D) = m (2)
1
B a*D*l—i-aD—i—l—i-aa*—l—g—g )
1

" @D t+b+aD (4)

Since . N,

bz(Jo(ler):qOJrE

(b) Notice the pole-like behaviour for a=0.9, and difference in power between Wy rp and
Wymse-LE
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Figure 1: Wypg for a = 0.5 (left) and a = 0.9 (right)
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Figure 2: Wiyrysp—re for a = 0.5 (left) and a = 0.9 (right)

(¢) The roots are given by:

1

T2

bV daa

2a
_ —b+ Vb* — daa* (6)
- 2a

b? — 4aa* is always real since b* and aa* is real.

2

)] 4
SNRMFB>] a
> (14 aa*)? — 4aa* = (1 — aa*)® > 0

*

b> —daa* = [(1+aa*)(1+

(d) WMMSE—LE(D) can be written as:

1
a*D-1+b+aD

WMMSE—LE(D) =

By regrouping and expanding it into partial fractions we obtain:

Wynmse-re(D) % (D— TliD ) (9)
- %[Djilrl +D?T2] (10)

1 T T9
B a(ry —r9) "D — 1y _D—r2> (11)

(e) We know that |ry| < |ri| and r175 = 1. So, |ry| < 1. We can rewrite the expansion in
part (d):

1 —1 ry 1
WD) = a(ry —ra) [1 —D/ry 5(@4
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Thus, for the MMSE-LE we have:

—1 1
’u}o = —=

a(ry —re) Vb — daa*

For the ZFE, we take W = 0 and thus b = 1 4 aa™ to obtain
MFB

1
wn =
71 aa*
(f) -
SNRyrp = el = 10(1 -+ aa*)
No
ECZ x
SNRzrg = —; =
= 10(1 — aa®)
2
o
ozpES = Olwy = (1 — aa*)
B 1
~10(1 — aa*)
YZzFE = 101082( *aa’)
(1 — aa*)
Similarly,
E, E,
SNRyMsE-LE = 3 = 3
OMMSE—-LE 07 Wo

= 10Vb? — 4aa* = 104/ (b? — 4aa*)
2 2 o’
OMMSE-LE — O Wo= VI? — daa
1

10402 — 4daa*

1+ aa*
Ymmse-re = 10log Ny

1+ aa*
= 10log
/(1 + aa* +0.1)? — 4aa*

(g) Using what we have found in part (f)

10log1 =0 , a=0
Yzre =4 10log 22 =2218 | a=0.5
10log 5§ = o0 , a=1
10log \/fﬁ =—-041 , a=0
Yumse-Le = § 10logga> =139 | a=0.5
101log 557 = 4.95 , a=1
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Figure 3: vzpp (left) and vy psp—re (right)



