E. Distribution of the propagating power in curves

In the curved subway tunnel, a rapid decrease of the
received power level at the inner side of a curve is ob-
served. The measurement in the GSM900 band plotted
in Fig. 4 was performed over the total length of the
subway tunnel. As already indicated, the transmitting
antenna and the receiving monopole were both situated
on the right side of the tunnel axis referring to Fig. 3.
Following the tunmnel’s course depicted in Fig. 2, the
receiver was on the outer side in the left curve and,
consequently, on the inner side in the following right
curve at the end of the tunnel. The averaged measured
path loss is plotted Fig. 13. At 850m to 950m from the
transmitter, the curve is dropping by almost 8dB. This
is the area of the right bend, with the receiver situated
at the inner side of the curve.
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Fig. 13. Mean propagating power through the curved tunnel

calculated by ray-tracing, compared to the averaged meas-
urement of Fig. 4 at fgsy = 945MHz (RMS window length:
200A0)

In the same figure, the mean path loss predicted by
ray-tracing is indicated by the dotted line. The mean
path loss is obtained by summing the powers of the
multipath components at the receiver instead of the re-
spective complex voltages (also termed power-sum) [2].
Furthermore, the entire cross section is used as area
of analysis, which speeds up the simulation time con-
siderably [13]. Although the overall propagation slope
is predicted very well, the defocusing effect can obvi-
ously not be predicted by this integral method. In or-
der to detect such a shift of energy, the area of analysis
is split. Instead of working on the total cross section
of the tunnel, the method is now applied separately
on the left and the right halves of the cross section.
The power flux in the right half, shown by the curve
with the black diamonds in Fig. 13, follows the meas-
urement quite closely. Furthermore, the power flux in
the left half is drawn in the figure. On the first 350m,
where the tunnel is approximately straight, the energy
is equally distributed on both sides of the tunnel. In
the left curve (between 350m and 800m), the energy
is focused on the right half of the tunnel. In the fol-
lowing right bend, the energy is shifted from the inner
(right) side of the curve to the outer (left) side of the
curve. The break-even point is at about 900m from the
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transmitter, after which most of the energy is gathered
in the left tunnel half. This result again indicates the
effect of curves on the propagation behaviour, and the
requirement for an appropriate modelling approach.

IV. CONCLUSIONS

Comparing measurements and simulations of the
EM-wave propagation in the Berlin subway, it was
shown that the geometry of tunnels, especially the
cross-sectional shape and curves, have a major impact
on the propagation behaviour. In order to obtain ac-
curate path loss predictions, it is mandatory to describe
the special geometry of tunnels in propagation model-
ling adequately. It was also shown that the fast fading
in tunnels cannot be characterized by standard analyt-
ical probability density functions over the entire range
of values. The densities derived from propagation mod-
elling provide a superior fit.
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