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Abstract

To expand the service areas of wireless access systems using the quasi-millimeter wave band and
accelerate their deployment, we have developed antenna beamforming technology, radio zone design
technology, and subscriber station construction technology.

1. Introduction

The increasing demand for high-speed and high-
capacity communications has recently led to the uti-
lization of the quasi-millimeter wave band, which can
guarantee a wide bandwidth. In particular, wireless
access systems using the quasi-millimeter wave band
are being applied to solve the regional-based digital
divide by bringing high-speed access to sparsely pop-
ulated rural regions and to provide services to apart-
ments in metropolitan areas where optical fiber
installation is difficult. These systems provide access
lines that complement optical fiber.

To expand the applicability and service provision-
ing area of the quasi-millimeter-wave-band wireless
access system and accelerate system deployment,
NTT Access Service System Laboratories has devel-
oped antenna beamforming technology, radio zone
design technology, and subscriber station construc-
tion technology to enhance WIPAS (wireless IP
access system), which is a 26-GHz fixed wireless
access system providing a radio transmission rate of
up to 80 Mbit/s [1].

2. New technologies

2.1 Antenna beamforming technology
To serve customers in a large area, the base station
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antenna of the quasi-millimeter-wave-band wireless
access system has a non-directional (omnidirection-
al) antenna. However, this can lead to communication
quality degradation caused by waves reflected from
mountains (bedrock) and large buildings (concrete or
wood) around the base station, as shown in Fig. 1.
One countermeasure against such interference is to
adjust the directivity of the subscriber station antenna
to eliminate reflected waves arriving in directions
other than that of the main direct antenna beam. How-
ever, waves reflected from objects behind the base
station, from the viewpoint of the subscriber station,
have the same angle of incidence as the main antenna
beam, and they still have a significant influence on
the communications quality. To reduce the strength of
the reflected waves, we have developed a technique
for controlling the directivity of the base station
antenna. This is done by attaching a radio wave
absorber inside the radome (radar dome) of a base
station antenna. This approach enables the antenna
directivity to be controlled to suit the service area. It
also has a simple construction.

An overview of the antenna beamforming technol-
ogy is shown in Fig. 2. By suppressing the strength of
the waves transmitted toward reflectors, we can
reduce the interference from reflected waves and pre-
vent communications quality degradation for sub-
scribers in the service area. This is done by attaching
a radio wave absorber over the angular range corre-
sponding to the direction of a reflector (in this exam-
ple, alarge building). This reduces the signal strength
in that direction, so reflected waves are weaker. This
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Fig. 2. Application of antenna beamforming.

method provides flexible control of the antenna’s
directivity. To provide an access service to customers
in an area degraded by reflected waves, we need to
install another base station. Thus, instead of using
one non-directional antenna to cover a 360° service
area, and having some subscribers suffer from reflec-
tion-degraded signal quality, we apply this beam-
forming technology to the non-directional antennas
and ensure that all subscribers receive high-quality
signals.

Installation of the radio wave absorber is very sim-
ple, as shown in Fig. 3. A sheet of absorber material
is cut into long narrow tapering strips and attached
vertically to the inside of the radome. This can be
done to existing base stations. Since the only materi-
al required is an inexpensive radio wave absorber, the
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implementation cost is low. Moreover, when new
building are constructed or demolished, the coverage
provided by the absorber strips can be quickly and
simply adjusted by a service engineer. This technique
provides a countermeasure not only against interfer-
ence from reflected waves, but also against interfer-
ence caused by overreach™ in the area expansion of
quasi-millimeter-wave-band wireless access systems.
As a result, the frequency efficiency of the area
expansion can be improved. Field trials of this tech-
nique have confirmed that communication quality is

*1  Overreach: In this context, overreach means that electromagnetic
waves used in one area reach other areas where the same frequen-
cy is used. As a result, the transmission quality may be reduced by
interference.
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Fig. 3. Attachment of radio wave absorber.

improved.

2.2 Radio zone design technology

One of the conditions for providing services using
quasi-millimeter-wave-band wireless access systems
is line-of-sight (LOS) transmission between a base
station and subscriber stations. Computer systems
used for designing radio zones usually have a three-
dimensional (3D) database compiled from various
kinds of data such as geographical data, house map
data, and tree shape data. Using the database, such a
system estimates the LOS probability between vari-
ous candidate base station positions and the sur-
rounding houses. This enables optimum positioning
of the base stations before actual construction.

As geographical data for the 3D database, “Digital
Map 50 m Grid (Elevation)” provided by the Geo-
graphical Survey Institute may be used. Fundamen-
tally, the geographical data should correspond to the
actual elevation at each mesh lattice point. However,
some newly developed residential areas involve
large-scale earthworks that can change the local
topography, leading to inconsistencies between the
geographical data on file and current reality. There-
fore, it is necessary to update elevation data at mesh
lattice points spaced 50 m apart with the latest eleva-
tion data derived from elevation data at points
obtained from municipal planning maps.

Among the methods available for estimating eleva-
tion data at mesh lattice points using data measured at
other points, the nearest-neighbor method and the
inverse distance weighting method are widely used.
The former uses measured values that are closest to
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the mesh lattice point to be updated. The latter uses
weighted coefficients that depend on the distances
between the lattice point to be updated and some
nearby measurement points. These methods are
effective in areas where the elevation is almost equal
in all directions or varies slowly. However, in newly
developed residential areas where mountains have
been deeply cut into, the elevation changes so rapid-
ly in a specific direction that the estimation error can
become large.

To reduce the estimation error and estimate the ele-
vation data more accurately in terrain of this type, we
considered the variogram™, which has been used in
geostatistics as a parameter indicating the spatial
dependency between points. As an example, Fig. 4
shows the updated results of elevation data at each
50-m mesh lattice point based on measured elevation
data at some points on a municipal planning map. The
updated results are closer to the real terrain. The cal-
culated LOS ratios (number of LOS objects divided
by the total number of objects) are shown in Fig. 5. In
areas such as residential districts where the 50-m
mesh elevation data and the actual geographical data
differ, this method can increase the precision of the
LOS ratio evaluation. A radio zone design system
that uses this method should increase the opportuni-
ties to provide quasi-millimeter-wave-band wireless
access service.

*2  Variogram: A variogram is a function that shows the ratio of vari-
ation in spatially separated data. It is used for estimating the
degree of spatial dependence between two locations.
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2.3 Subscriber station
construction technology

New construction

methods for rooftops

Up to now, a roof-mounted base
structure (typically a framework
having four legs) has been used to
install a subscriber station on the
roof of a house. Installations of this
type have been aimed only at ordi-
nary residential homes (including
houses with Japanese-style tile
roofs) in Honshu, Shikoku, and
Kyushu. Since there is demand for
roof installations in rural areas of
Okinawa, where many houses have
eaves with insufficient strength to
support antenna anchor points, and
in Hokkaido, which experiences
heavy snowfall, we adapted the
roof installation method to make it
applicable to those areas.

(1) For houses with weak eaves

The base structure mounted on
the roof is held in place by stay
lines (usually 2 or 4). In the usual
method, each stay line is fixed to
one anchor point on the fascia of
the roof, which puts a heavy load
on the fascia. In some rural areas of
Okinawa, for example, there are
many houses with eaves that are
comparatively weak as a result of
salt-air damage and deterioration.
The new construction method we
designed fixes each stay line to two
anchor points on the fascia, as
shown in Fig. 6. As a result, the
tensile force is distributed,
enabling an antenna to be mounted
even on a house with weak eaves.
We verified through actual experi-
ments that antennas mounted using
this method met the NTT specifica-
tions. Furthermore, since this con-
struction method reduces the load
on the anchor points, it should also
be effective in areas that have
strong winds.

(2) For areas with heavy snow-

fall
When a TV antenna is installed

231
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on a roof, an auxiliary line is placed between the stay
line and the legs of the roof-mounted base to increase
the tension in the stay line. With this construction
method, however, when accumulated snow slides off
the roof, its weight increases the tension in the auxil-
iary line, which causes the legs of the base to spread,
which makes the base unstable, as shown in Fig. 7(a).
We devised a new method in which the base is fixed
to the roof without an auxiliary line. Instead, a turn-
buckle is used to maintain the tension in the stay line,
as shown in Fig. 7(b). When accumulated snow slides
off the roof, even if it increases the tension in the stay
line, the line on the opposite side resists the force and
the base remains stable. We verified this method in
actual experiments.
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2.3.2 Construction method using extension pole
under the eaves of a house

There have been cases where roof-installation of
the subscriber station was the only option to guaran-
tee LOS between the base station and the subscriber
station, but the installation was prevented by the
shape of the roof or was unacceptable to customers.
We have developed and evaluated a construction
method in which an extension pole is installed under
the eaves of a house. This puts the subscriber station
at the same height as a roof-mounted one. An instal-
lation example is shown in Fig. 8. The extension
should be mounted where it can ensure that the sub-
scriber station is in LOS of the base station and
should not be in contact with the edge of the roof or
with the roof tiles. After installation, diagonal lines
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are connected to the upper part of the fixed brace-
bolts on both sides of the fixture to support it. Since
the installation and the directional adjustment are
performed high above the ground, the use of access
equipment such as a boom lift is recommended for
safety.

3. Future plans

Quasi-millimeter-wave-band wireless access sys-
tems that provide access for services such as B
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FLET’s in areas where optical fiber is difficult to lay
are being introduced nationwide. To provide even
more enhanced services in future, we plan to develop
new fixed wireless access systems.
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