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[57] ABSTRACT

A low power, multi-function cellular television system for
transmitting signals at super high frequencies. Each cell
transmitter radiates signals with one polarization over one
sector, and signals with a different polarization over the
balance of 360°. Sectors of adjoining cells are aligned to
minimize interference from the adjoining cell. Adjoining
cells may transmit different pluralities of carrier frequencies
which are interleaved to minimize interference further, with
each cell having one set of transmitted frequencies radiated
for both polarizations, occupying at least 90% of a band used
in common for the system.

14 Claims, 5 Drawing Sheets
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LMDS TRANSMITTER ARRAY WITH
POLARIZATION-DIVERSITY SUB-CELLS

BACKGROUND OF THE INVENTION

This application claims benefit of U.S. Provisional Appli-
cation No. 60/006020 filed Oct. 23, 1995.

1. Field of the Invention

The invention relates to a low power, point to multi-point,
muiti-function cellular television systems; and more
particularly, to such systems transmitting at super high
frequencies. '

2. Description of the Prior Art

The localized microwave distribution system described in
U.S. Pat. No. 4.747.160 includes a plurality of transmitter
stations operating at low power in a corresponding plurality
of cells. Each transmifter station has a substantially omni-
directional transmitting antenna. Each subscriber receiving
station has a respective directional receiving antenna.
directed so as to receive television signals from only one of
the transmitting antennas.

In this prior art system, all of each cell receives signals
from the cell transmitter at the same frequency or plurality
of frequencies. and the same polarization. When the cells are
arranged with the centers of each cell in a rectangular grid
pattern, the antenna of a subscriber located close to one of
the grid lines faces both its own cell transmitter and also the
transmitter of the adjoining cell in the direction the sub-
scriber’s antenna is facing. Therefore this subscriber’s
antenna can receive a weak interfering signal from the more
distant transmitter. However, according to the *160 patent,
the signal from the-adjoining cell’s transmitter is polarized
oppositely to the transmitter of the subscriber’s own cell,
such as vertically instead of horizontaily. This provides a
great improvement in the discrimination against the signal
from the remote transmitter, so that ghost signals are not a
problem. However, whenever terrain or other considerations
prevent use of an approximately rectangular grid pattern, the
advantages of this arrangement are reduced.

Another approach to distribution of telecommunications
signals is exemplified by the Xerox Telecommunications
network (XTEN), described in a document filed with the
FCC. FIG. 7 of that proposal shows that signals are radiated
in each cell over four sector antennae, each covering one
quarter of the cell, and each sector radiating at all different
frequency. The transmitting arrangements are disposed in
straight columns, with adjacent columns aligned such that a
transmitting arrangement in one column is equally spaced
from two adjoining transmitting arrangements of the next
column. All transmitting arrangements in a column radiate
one polarization in the two quadrants to one side, and the
other polarization to the other side. A pattern of polarization
selection is so arranged that a subscriber is protected from
interference by an adjoining transmitting arrangement in the
next column by frequency diversity; and from interference
by transmitters in the second column to one side by polar-
ization diversity. This system suffers the disadvantage that
each subscriber has access to only one quarter of the
frequency spectrum used by the system.

SUMMARY OF THE INVENTION

An object of the invention is to provide a local multipoint
distribution system which allows each subscriber access to
substantially the entire band allocated for tramsmission,
while minimizing interference by a transmitter in an adjoin-
ing cell.
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Another object of the invention is to enable subscribers
having receiving antennae with only moderate directionality
to discriminate between signals from transmitting arrange-
ments of their assigned cell and signals from an adjoining
cell based on radiated signal polarization.

A cellular transmitting station according to the invention,
especially useful for microwave frequencies above 12 Ghz.
is characterized by radiating signals which are at a plurality
of frequencies in a first frequency band and which are
uniformly polarized over a first sector covering a portion of
a full circle about a symmetry axis from the transmitting
station; and signals which are at said first plurality of
frequencies and which are uniformly polarized with a dif-
ferent polarization over a second sector covering the balance
of the full circle about the symmetry axis, the two sectors
together providing substantially omnidirectional coverage of
the cell.

This cellular transmitting arrangement, which utilizes two
sector antennae having different polarizations, makes it
relatively easy to provide very even omnidirectional signal
strength in the horizontal plane from an antenna arrange-
ment which need not be at the top of a mast, while having
an asymmetric pattern in a vertical plane such that little
power is radiated at wastefully high angles above the
horizontal, and at the same time radiating sufficient power
below the horizontal so that nearby subscribers in lower
buildings receive strong signals. For simplicity of language,
as used hereinafter in the specification and claims, the term
transmiiter means this arrangement including the antennae,
although it is only the antenna portions whose location and
alignments are critical to the invention.

The two sectors are preferably equal, each covering
approximately 180° plus a little overlap. so that a receiver on
the division line between the two sectors can receive either
polarization signal with a reduced signal strength compared
with the major part of the sector. Using a well-known 180°
sector antenna, the signal strength at the division line is
reduced approximately 3 db. In a preferred embodiment,
radiation above the horizontal is limited typically to no more
than approximately 5°.

If each subscriber antenna has a relatively narrow beam
reception angle, such as 5°, then, after allowing for small
inaccuracies of alignment of the subscriber’s antenna, per-
haps as many as one fifth of the subscribers antennae have
an adjoining cell transmitter within the antenna’s beam
angle. Therefore, where at least some subscribers receive
attenuated signals from their own cell transmitter, because of
reflections and shadows, improvement of the discrimination
against the adjoining cell’s signal will benefit a significant
number of people.

A system for fransmitting wide-band signals, such as
television and/or data signals, to a multiplicity of customers
dispersed over a large area, includes a plurality of transmit-
ters as described above, placed at approximately equaily
spaced locations in a cellular array which is arranged to
provide good reception for substantially all the area. The
array is advantageously based on a plurality of approxi-
mately linearly arranged series of transmitters, the lines
defining each of the series being parallel to each other, so
that angular relationships of the symmetry or division lines
of each of the transmitters can be defined without conflict or
a great deal of experimentation It will be clear that uneven
topography, natural or man-made obstacles, or refusal of
authorities or property owners to allow use of some sites
may require significant deviation from the regular patterns to
be described below, but the principles of the invention can
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still be utilized to provide full cellular coverage with effi-
cient use of spectrum and low capital investment.

In a first preferred arrangement, which provides a densely
packed array, first, second and third series of transmitters are
arranged in respective approximately straight lines parallel
to each other, the arrangements in a respective line being
approximately equally spaced from each other, with the
symmetry axes for signal radiation in a given polarization
being generally parallel to the straight line. Adjoining trans-
mitting arrangements in a first of those series transmit
signals toward each other having a same polarization, so that
all subscribers of a first group, located near the symmetry
lines of the first series, having respective receiving antennae
oriented toward the respective nearest transmitters, receive
respective signals from that nearest arrangement of a polar-
ization different from that of signals from the next transmit-
ter in that series.

In this preferred arrangement, the transmitters of the
second series are adjacent the first series, but are displaced
from lateral alignment sufficiently that a line from a trans-
mitter of the first series to the nearest transmitter of the
second series is inclined with respect to the respective
division lines between the two directions of polarization by
an angle greater than half the beam angle of the subscriber
antennae; and desirably greater than approximately the full
beam angle. The transmitters of the third series are adjacent
the second series, to the opposite side from the first series,
and are again displaced from lateral alignment sufficiently
that a line from a transmitter of the third series to the nearest
transmitter of the second series is inclined with respect to the
respective division lines between the two directions of
polarization by an angle greater than half the beam angle of
the subscriber antennae; and desirably greater than approxi-
mately the full beam angle.

In the preferred arrangement, customers who are located
near the symmetry line (and whose antennae are aimed
toward both the nearest and the next transmitter) are pro-
tected from interference by the next transmitter because of
polarization diversity. Customers who are located near a
division line are protected from interference by transmitters
in the adjoining series because those transmitters are outside
the beam angle of the respective receiving antenna; and half
of these customers are further protected by a difference in
polarization. The only customers who experience interfer-
ence from transmitters of the adjoining series are those
whose antenna beam includes both the nearby transmitter
antenna and that in the next series; and half of these further
have polarization diversity.

I the transmitted signals are frequency modulated, the
difference in distance, coupled with the polarization
diversity, enable the receiving sets to provide demodulated
signals having a high signal-to-noise ratio despite the effect
of reflections. These reflections are a cause of multi-path
distortion in the received signals, but also enable reception
in what otherwise would be “radio shadows” caused by large
buildings or other obstacles to line-of-sight transmission.

In a second preferred embodiment, the transmitting anten-
nae are arranged in the same amrays of linear series, with
polarization diversity, described above. To provide addi-
tional discrimination against signals from an adjoining cell,
alternate transmitters in each series transmit at a first plu-
rality of carrier frequencies in the band; and the other
transmitters transmit at a second plurality of carrier frequen-
cies in the band, interleaved between the first plurality of
frequencies. Each individual transmitter uses its respective
set of frequencies for transmissions in all directions, so that
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one transmitter and one set of modulators suffices, and only
a polarization splitter alters the transmission from the two
sector antennae. The adjoining series of transmitters have
their carrier frequency pluralities selected such that a pair of
adjoining transmitters, one from each series, having same
polarizations radiated in a same azimuth direction, transmit
at the different pluralities of carrier frequencies; and a pair
of adjoining transmitters, one from each series, having
opposite polarizations radiated in a same azimuth direction,
transmit at the same pluralities of carrier frequencies

With this second embodiment of transmitters, no sub-
scriber can receive a nearby directly transmitted signal from
the nearest transmitter, and a farther directly transmitted
signal from a transmitter adjoining the nearest one, without
at least diversity of polarization or carrier frequencies
between the two received signals.

In the first and second preferred embodiments, the lateral
staggering of densely packed transmitters minimizes the
distance from any subscriber to the nearest transmitter.
However, in some circumstances it may be preferable to
have transmitters disposed approximately in a rectangular
array of rows and columns. In this circumstance, if oriented
as described above, the division lines of the radiation from
one transmitter will pass near two adjoining transmitters if
the polarization symmetry lines are parallel to the column or
row .(series of transmitters in an approximately straight
line).

In a third preferred embodiment, alternate transmitters in
a first series disposed in an approximately straight line have
their sector division lines inclined to one side of the straight
line by an angle at least equal to half the beam angle of the
subscriber antennae, but less than 45°; and desirably greater
than approximately the full beam angle. The other transmit-
ters of that series have their sector division lines inclined to
the other side of the straight line by an angle at least equal
to half the beam angle of the subscriber antennae, but less
than 45°; and desirably greater than approximately the full
beam angle. All the transmitters of a series radiate the same
polarization to the same side.

With this formn of array, a subscriber located near the
straight line through the series, whose antenna receives
signals from the near transmitter arrangement and the next
transmitter, is protected from interference by polarization
diversity of these signals. A subscriber located close to the
division line between the two polarizations radiated by the
near transmitter can be set for the one providing the best near
signal, because the next transmitter is off to one side of the
receiving antenna’s acceptance pattern. Transmitters in a
second, adjoining series, aligned approximately transversely
to the transmitting antennae of the first series, likewise have
their sector division lines inclined to the approximately
straight line defining the second series, and radiate a same
polarization to the same side. A pair of transmitters adjoining
each other laterally, in different series, radiate a same
polarization toward each other. Therefore a subscriber to one
side of the division line, in one series, is protected from
interference by the series just beyond the nearest transmitter,
by polarization diversity. Subscribers located near a division
line are protected because the nearest interfering transmitter
is quite far away. Preferably, the symmetry lines of two
laterally adjacent transmitters are inclined in the same
direction, because this will allow minimizing interference
between arrangements in adjoining series, but spaced apart
twice the individual separation distance along the respective
straight lines. It is a convenient simplification when design-
ing and installing the system that the inclinations of the
division lines be all the same value, so that all division lines
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