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Field test results for a 16-QAM and a 64-QAM digital radio, compared
with the prediction based on sweep measurements

Markus LINIGER and Daniel VERGERES, Berne

1 Introduction

In 1980, the Swiss PTT started to measure the multipath
transfer function on several hops of the national micro-

wave radio relay network. Until now five hops have been SIGNATURES (T=6.3ns)
investigated with a link analyzer sweeping over a band-

width of 40 MHz or 60 MHz. The summary of the follow- AR INOTCRADERTR
ing results offers a comparison between different hops. /\’0:

Thus, it supplements the data published previously 16 QAM @

[1,2]. In the most recent test run, which is still continu-
ing, two additional digital radios are installed in order
to measure the performance of the transmission at 151
140 MBit/s. All of the following time-dependent statis- 16 0AM, BER=10"°
tics are valid for the worst month with a return-period of

one year. \/\
64 QAM

1BER=1073

2 Description of the experiment 50 S0l o ol Mo

OTCH OFFSET
Since September 1985, the experiment (Fig. 1) has been el

in progress on one of the most unfavorable hops of the

Swiss radio relay network. The 112 km La Déle-Ulmiz-

berg link (Fig. 5) was selected in order to reach the

worst case of the possible multipath effect on digital ra- Fig. 2

dio in Switzerland. The two installed radios, one (NEC) Signatures of the digital radios
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Fig. 1
Test configuration

346 Technische Mitteilungen PTT 7/1986



1000+

500

T
100 km

Fig. 3
Path profile of the hop Chasseral-Albis

m FROBURG — ULMIZBERG

=
60 km

Fig. 4
Path profile of the hop Froburg-Ulmizberg

using 16-QAM modulation and one (NT) 64-QAM, trans-
mit 140 MBit/s. The signatures and the bit error per-
formance of the radios are given in Figures 2 and 9. The
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Measured cumulative distributions of the received power
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Path profile of the hop La Déle-Ulmizberg
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Fig. 6
Path profile of the hop Froburg-Albis

test of the two equipment in the same environment
should allow a comparison under real multipath condi-
tions. Both radios receive the signals from the main and
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Bit error performance of the digital radios

the auxiliary antenna. The 16-QAM radio has an RF in-
phase combiner (STR) and the 64-QAM one uses a built-
in IF in-phase combiner. The bit error ratio is measured
in one second intervals. The received power of the two
radios is recorded with a P-QARK (programmable quan-
tizer analyzer and record keeper), an equipment spe-
cially developed from Bell Labs for field tests. The re-
sults are given in Figures 7, 8 and 32.

The distortions occuring on this hop are measured using
a link analyzer sweeping over a bandwidth of 60 MHz.
The RF signal is transmitted by a parabolic antenna
(4.3 m @) alternately on both polarizations. At the re-
ceiver site two parabolic antennas were installed (3 m )
with a vertical separation of 12.8 m. The magnitude of
the three receive signals are fed to the data acquisition
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system. The two vertically polarized signals are com-
bined through an in-phase diversity combiner. Its output
is analyzed with a link analyzer and also fed to the com-
puter.

3 Description of the investigated hops

Within the last six years the sweep experiment has been
run on three other hops. They supplied sufficient meas-
ured fading data which allows a description of their be-
haviour under multipath conditions.

The 111 km Chasseral-Albis link (Fig. 3) was investigated
from March 1981 to February 1982 sweeping in a 40 MHz
channel of the 11 GHz band. The data base consists of
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about 2.5 million sweeps measured with and without
space-diversity [1].

The 64 km Froburg-Ulmizberg link (Fig. 4) was under test
between March 1982 and August 1983 (7 GHz, 60 MHz
sweep, 0.5 million sweeps).

The 46 km Froburg-Albis link (Fig. 6) was studied with an
improved test set-up, similar to that given in Figure 1,
from September 1983 to April 1985 (7 GHz, 60 MHz
sweep, switched polarizations, 2.5 million sweeps).

The 112 km La Déle-Ulmizberg link (Fig. 5) test has been
started in September 1985. The following results are
based on a two-month period (0.4 million sweeps).

/ il St
L PROBABILITY OF POLYNOMIAL-COEFFICIENT /
i DOLE-ULMI,  AF= 30 MHZ °
MAIN-ANTENNA v
//
/ .a-
R ¢ e
Z Lo ’_/""
’/'-'
AR 7 sl
o e e e ot :
I 9 30 40
% _'1' ______________
B o
& i) B
0 e e R "
g -4 B
M =.5. CURVES FOR QUANTILES b
- 6L 0.11 1050 90 99 99.9
o PERCENT
v
540
Fig. 20

Probability of the amplitude slope dispersion, main-antenna

350

PROBABILITY OF POLYNOMIAL-COEFFICIENT s

p .02 DOLE-ULMI,  &F= 30 MAZ

B MAIN-ANTENNA /

/02

M

8 01

x

M

M 019 // 5

Z Z A

.005- ¥

p oot

R 000 T %

5

ATLO0RE e Tl N

8 ) b

0- 010 FADE DEPTH “ <

1% N NS

c.015- %

T- gyl  CURVES FOR QUANTILES B

£ <0207 4511 10 50 90 99 99.9

M~ 025 PERCENT

S e SRS

Fig. 21

Probability of the amplitude parabolic dispersion, main-antenna

4 Results on channel transfer function

Several mathematical models have been developed to
characterize the multipath transfer function. They gen-
erally belong to one of three families: ray-models [3],
complex- [4] respectively real polynomial-expansions [5]
and parametric models [6, 7]. In this paper real poly-
nomials of second order and a parametric model using
the in-band-power-difference (IBPD) are applied for the
characterization of the channel transfer function.

41 Probability of polynomial coefficients

Generally, the polynomial coefficients fitted to the
transfer function are correlated. Therefore, they are pre-
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sented with joint-probability distribution functions p(aft,
a2/a0) [1]. But for a comparison of the different hops it
seems to be adequate to use only the marginal distribu-
tions p(a1/a0, all a2) and p(a2/a0, all al1). Figures 10to 23
show the quantiles (0.1, 1, 10, 50, 90, 99, 99.9 %) for the
slope and parabolic distortion as a function of the fade
depth. The Froburg-Ulmizberg hop is the one with the
weakest distortions, La Ddéle-Ulmizberg is the one with
the strongest distortions. The probability that a given
distortion occurs can be calculated as the product of the
probability of the fade depth p(a0) (Fig. 24 to 27) and the
probability of the distortion at that fade depth. In addi-
tion, the remaining distortion with space-diversity re-
ception is presented in Figures 12, 13, 18 and 19. All re-
sults are valid for a bandwidth of 30 MHz.

CHAS - ALBS

(=]
w
O e
w 10! LEVEL AT CENTRE
S . FREQUENCY
w
2 10-21
§ MAIN - ANTENNA
S

-3
2 10-31
<<
g
E1105 4
>
—
=
@ 10-5
<<
m
o
oz
o

10 20 30 40 dB
IN-BAND POWER DIFFERENCE/FADE DEPTH

Fig. 24
Measured cumulative distributions of amplitude dispersion (IBPD) or
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42 Probability of in-band-power-difference

The IBPD is the maximum difference of the received
power in dB in a given frequency band and was calcu-
lated for different bandwidths (Fig. 24 to 27). It shows
also the improvement gained by the space-diversity re-
ception. The most unfavorable hop is again La Déle-Ul-
mizberg.

5 Estimated transmission performance

The transmission performance is determined by the flat
and the dispersive fades. Using the method published in
[1]., the outage-probability is estimated as a function of
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Measured cumulative distributions of amplitude dispersion (IBPD) or
single frequency fade depth
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Measured cumulative distributions of amplitude dispersion (IBPD) or
single frequency fade depth

the fade margin. With increasing fade margin, the effect
of the dispersive fades increases (curve 1) and the one
of the flat fades (curve 2) decreases (Fig. 28 to 37). The
sum of both effects is described by the thick line.
Curve 1 is plotted only for the 64-QAM radio, the values
for the 16-QAM radio are about twice as high. Curve 2 is
valid for both.

6 Measured transmission performance

From October to December 1985 we observed during a
few hours events affecting the digital transmission. The
measured bit error probabilities are plotted in Figure 32.
The more sophisticated modulation scheme shows, con-

PREDICTION 64QAM, BER=10 2
CHAS-ALBS

=
o
I

=)
d
N

MAIN - ANTENNA
COMBINED

-
o
[
&~

BER = 103 DUE
TO DISTORTION

THE PROBABILITY FOR BE
IS FOR THE COMBINED

SIGNAL LESS THAN 10-6

10 20 30

FADE MARGIN

PROBABILITY THAT ABSCISSA IS EXCEEDED
=]

40 dB

Fig. 28
Predicted outage probability based on measured distributions of fade
depth and amplitude dispersion
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trary to initial expectation, the better performance.
There are several reasons. First, the 16-QAM radio has
2 dB less transmit power. Second, the RF combiner in-
creases more the noise figure of the receiver (and so de-
creases the flat fade margin) than the IF combiner. And
third, the signature of the 16-QAM radio is much worse
in case of recovery after loss of synchronization. The
comparison of the time level below, the bit error per-
formance of the equipment (Fig.7, 8 and 9) and the
measured bit errors leads to the conclusion that for the
present configuration the flat fade effect dominates the
dispersive fade. In the next test phase, the time level be-
low caused by flat fades should be decreased by using
an antenna separation of 19 m instead of 12.8 m.
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Predicted outage probability based on measured distributions of fade
depth and amplitude dispersion
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7 Conclusions

The experiment carried out on one of the most unfavor-
able hops in Switzerland has shown that a 16-QAM radio
(augmented by a separate RF combiner, which could be
improved by about 2 dB) and a 64-QAM radio (using a
built-in IF combiner) show about the same performance.
The outage time is, thanks to the good signatures,
caused mainly by the flat fades. The estimated outage
time, extracted from the results of the sweep experi-
ment, shows good agreement with the measured one.
Therefore, an extrapolation of the results to other hops
of our radio relay network was made. It convinced us
that an equipment with the same performance as the
ones used can be applied on similar links and will meet
the CCIR recommendation 594 (performance objec-
tives).
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