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1. Introduction

The performance of digital radio systems is severely impaired

by frequency-selective fading. One countermeasure against dis-
tortions is the use of adaptive equalizers. This paper presents
the results of a computer simulation of IF equalizers and base-
band equalization for the following types of modulation: Offset-
Quadrature-Phase-Shift-Keying (OQPSK), Quadrature-Partial-Res-
ponse Signalling (QPRS) and 16-Quadrature-Amplitude-Modulation
(16-QAM). The results are depicted by means of the '"signature
curves'" [1/ of the investigated mcdulation schemes, because

most frequency-selective fading events can be described in a
limited bandwidth ¢f<50 MHz) by an effective two-path-model.
These curves show -for a two-path fading event with relative
amplitude b and delay time T of the indirect path- the depen-
dence of notch depth A =20 lgg(l—x) on notch frequency f_ for

a fixed bit error rate of 18 . The symbol ¥ denotes b fol b<{1i
(minimum phase fade) and 1/b for b)1 (non-minimum phase fadej.
The calculations are based on perfect Nyquist filtering with
raised-cosine frequency characteristic (16-QAM, OQPSK) or co-
sine frequency characteristic (QPRS), and include simulation of
the carrier and timing recovery circuits as described in a for-
mer paper /2/. In the examples presented in the following, the
delay time has the value U= 6 ns and the ratio of 7" and the sym-
bol period T is kept fixed for the different types of modulation
thus determining the transmitted tit rate. The roll-off-factor
for the QAM and PSK systems is assumed to be &= 0.5,

2, IF equalizer

2.1 Slope equalizer
The simplest IF equalizer cancels the slope of the channels amp-
litude characteristic between two predetermined frequency points

f -f_ and f +f_, where f_ denotes the carrier frequency. The
t¥angfer fufictfon of the equalizer is therefore
H__(fy = 102f (1)

eqs
with a={A (f -f )-A (f +f ))/(40f ) and with A _(f)=20,.log|H (1)
denoting'%hecingertfonclogs]éf th& channel with the t}gnsfirc |
function H (f). Slopes of the amplitude characteristic occur,
if the notfh lies outside but close to the transmitted frequency
band. Notches in this region mainly affect the more complicated
types of modulation. Hence, slope equalizers are more useful
for 16-QAM systems than for the lower level types of modulation.
Figs. 1 and 2 show examples of calculated signatures for a 70-
Mbit/s OQPSK-system and for a 140-Mbit/s 16-QAM system with slo-
pe equalizers designed for different sampling points f_=k/(2T).
With the notch being within the transmitted band, the Perfor-
mance may evenl be impaired for the simpler modulation system
(Fig.1), if the value of k is not chosen properly.

529



-S.00

1 ‘ R I ]
a|  ‘unprotected sysiem M
4 T 5
"] =0.33 - 3
2 e (=0.5 g
< el .66 s gl
=) B S 4
- 1. N
- e =
S £ - of
[ ‘é 7 . - S
of L W '-30.00 -20.00 .00 20.08  ab.00
] I S (f,-1.) /MHZ
o
50,90 -10.08 19.00  3b.00
(fu-f) /MHz Fig. 2: Signatures of a 140-
Mbit/s 16-QAM system
Fig, 1: Signatures of a 70-Mbit/s without and with slo-

OQPSK-system without and pe equalizer
with slope equalizer, f_=k/(2T):
equalized frequency poilits

2.2 Resonance equalizer

Attenuation notches near the carrier frequency can be better
equalized by means of a parallel resonance circuit, which is
adapted with its resonance frequency and quality factor to flat-
ten the amplitude characteristic of the channel at n sampled
frequency points (in the calculations we chose n=5), Moreover,
the phase characteristic of the resonance circuit tends to can-
cel the group-delay distortion of the channel for minimum phase
fades as well, so that an almost perfect equalization is achie-
ved. For non-minimum phase fades the phase characteristic of

the equalizer increases the channels group-delay distortion, so
that the overall performance of the system is improved only
slightly. The Fig. 3 shows the signature for a 70-Mbit/s QPRS-
system, once unprotected and once with a resonance equalizer for
b>1. The lacking symmetry of the signature with equalization is
due to the non-symmetric transfer function of the resonance cir-
cuit. Fig. 4 shows the eye pattern for the event that corres-
ponds to the cross in Fig. 3. The calculated timing instant ¢ is
indicated by an arrow, which coincides with maximum eye openifig.
The solid vertical line gives maximum eye opening for the undis-
torted system and indicates that the severe phase distortion of
channel and equalizer causes a delay of 0.66°T. The horizontal
line denotes the threshold at the decision element.

2.3 Equalization of linear and quadratic amplitude distortions
We now investigate a slope equalizer followed by an equalizer
which removes quadratic amplitude distortions. Such an equalizer
can be realized by means of a resonance circuit, whose resonance
is fixed to the carrier frequency. Its quality factor is adjus-
ted to equalize the amplitude characteristic at f=f_ and at f=f
(see 2.1). Its network should be a ShﬂzﬁHCirCUit fof "concave"
amplitude distortions (H (f ) H (£) (f Y 1 (f ) and a
series circuit for ”coﬂvgx”campfg§ud8 dis%or%iongqfreﬁetsing

the "¢'" sign above). Fig. 5 shows calculated and measured /3/ sig-
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16-QAM system with slope eq
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- - n
and quadratic equalizer _
--- measured Peq(t) = Ei_ (Ykp(t +kT),
—— calculated =-n

(2)

where 2n+1 is the number of taps with complex tap gains y;,
which are adjusted such that

Poq (t*kT) = J‘g for k<n (3)
with 52 denoting the Kronecker symbol.

The Fig. 6 shows the signatures of a 140-Mbit/s 16-QAM sys-
tem with 3,5,7 and 9 taps. The ripples in the computed signa-
tures are due to fast changes of the tap gains with a change
of notch-frequency and due to the amplitude modulated part of
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the 46-QAM signal, It can be shown by a first approximation that
two adjacent minima of the ripples are separated by the distance
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In Fig. 7 are finally shown measured /3/ and calculated results
for the signature of a 140-Mbit/s 16-QAM system and minimum pha-
se fades (b<l). Curves (a) hold for a 7-tap transversal equali-
zer. The curves (b) apply to an additional slope and quadratic
equalizer, which precedes the baseband equalization.
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