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38-GHz Wide-Band Point-to-Multipoint
Measurements Under Different Weather Conditions

Hao Xu, Theodore S. Rappaport, Fellow, IEEE, Robert J. Boyle, and James H. Schaffner

Abstract—This letter presents 38-GHz wide-band point-to-mul-
tipoint measurement results from various weather events. 73 963
measured power delay profiles indicate that multipath can occur
due to the foliage and the reflection from wet surfaces during rain.
The received signal strength during rain varies according to a Ri-
cian distribution with a factor inversely proportional to the rain
rate. The measured rain attenuation exceeds Crane model predic-
tion by several decibels. The results may aid in design of broadband
millimeter-wave communication systems.

Index Terms—38 GHz, broadband wireless, LMDS, MBS, mil-
limeter-wave propagation, rain attenuation.

I. INTRODUCTION

UNTETHERED, broadband multimedia services of the
future will include local multipoint distribution services

(LMDS),mobilebroadbandsystems(MBS),andnextgeneration
internet (NGI). The millimeter-wavebands of 30–60 GHz are
uniquely suitable for these applications due to the large available
bandwidthandfrequencyreusepotential.However, littleresearch
has been done to study effects of weather on the multipath and
time-varyingnatureofmillimeter-wavechannels.Thislettersum-
marizes results of extensive wideband measurements conducted
onfixedpoint-to-multipoint linksat38GHz.

II. HARDWARE SYSTEM AND SITE DESCRIPTION

Power delay profiles (PDP’s) were captured using asliding
correlator channel measurement system. The system has a
null-to-null radio frequency bandwidth of 200 MHz (providing
a multipath time resolution of 10 ns [1]), a multipath dynamic
range of 25 dB, a measurement speed of 50 PDP’s per second,
and two modes of operation:spread spectrum modefor
wideband measurements, andcontinuous wave (CW) modefor
system alignment and calibration.

Antennas were selected to represent antenna systems
proposed for emerging LMDS links. The transmitting (hub)
antenna was a horn with a maximum gain of 19 dB and half
power beamwidths of 45and 6.5 in azimuth and elevation,
respectively. The receiver (subscriber) antenna was a parabolic
reflector with a maximum gain of 39 dB and half power
beamwidths of 1.5 in both azimuth and elevation. Vertical
polarization was used. Careful records of local rain were taken
via a portable tipping-bucket rain gauge.
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TABLE I
SUMMARY OF MULTIPATH OCCURRENCE AND

MAXIMUM OBSERVED MULTIPATH (MP) LEVEL (W.R.T. LOS) VIA

THREE LINKS: L1–LOS, 605 m; L2–OBSTRUCTEDPATH, 262 m;
L3–PARTIALLY OBSTRUCTEDPATH, 262 m;

Measurements were conducted via three links across the Vir-
ginia Tech campus from April to June 1998. The first link, L1,
provided a 605-m unobstructed LOS path. The second link, L2,
provided a 262-m obstructed path due to the dense canopy of a
large oak tree. The third link, L3, provided a 262-m partially ob-
structed path due to nearby oak tree leaves that would obstruct
the LOS path during windy conditions. Out of the 73 963 PDP’s
collected during the campaign, 36 338 were collected during
rain events and hail storms.

III. M EASUREMENTRESULTS

Multipath Statistics: Table I summarizes the multipath
statistics for different rain rates, (mm/hr), and multipath
threshold levels, , where is the power of LOS
component and is the power of multipath component.
On link L1, multipath was detected during rain but not during
clear weather. On links L2 and L3, multipath was present for
both clear and rainy days, which is due to the scattering by tree
leaves and branches.

Fig. 1 compares measured PDP’s during different weather
events. On May 1, multipath occured during heavy rain right
before and after the hailstorm. This may be caused by the sharp
edge of the hailstorm cell. In [2] it was shown that multipath
could occur at the edges of very intense rain cells. On the other
hand, the change of the electromagnetic properties of the surface
or the formation of standing water surfaces during rain may in-
crease the reflected power and result in multipath. On May 3,
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