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TRANSMISSION OF DIGITAL AND ANALOG
SIGNALS IN THE SAME BAND

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to systems for transmission of
multiple information signals in a band; and more particularly
to systems in which a plurality of signal channels are
transmitted using respectively different carrier frequencies,
and where it is desirable to occupy the entire band so that
spectrum utilization is optimized.

2. Description of the Prior Art

Techniques for avoiding interference between different
transmitted information streams are very old. The earliest
technique involves the use of respectively different carrier
frequencies for the different information streams. A tuned
amplifier stage discriminates between the desired modulated
carrier, and the undesired information streams with which
other carrier frequencies have been modulated.

Another technique, exemplified by European Patent
Application EP A 0 429 200 A2, involves the use of
directionality and difference in frequency sets. Directional-
ity means that certain signals are radiated by a first trans-
mitting antenna array which is highly directional—the signal
intended for reception by one customer is radiated in that
direction, using an antenna array which has a relatively
narrow beam angle, while signals for another customer,
whose location relative to the first customer places him
outside the first array’s coverage, are transmitted by a
second antenna whose coverage does not include the first
customer. Additional protection against interference comes
from using different “frequency sets,” where one frequency
set differs from another because the frequencies occupied by
their channel bands are mutually exclusive, or they differ in
direction of polarization.

SUMMARY OF THE INVENTION

According to the invention, a first plurality of signals are
transmitted at respectively different carrier frequencies,
occupying mutually exclusive individual channel bands
within a given broad band, and at least one additional signal
is transmitted within a respective other individual channel
band lying within said given broad band, the sum of the
widths of the mutually exclusive individual channel bands
and the other individual channel band being greater than the
given broad band. The at least one additional signal differs
from the first plurality of signals in at least two diversity
characteristics selected from a group including carrier
frequency, modulation type, and polarization, such that a
receiver in a given location can selectively receive any one
of the transmitted signals.

In a first preferred embodiment of the invention, the first
plurality of signals are digital transmitted signals, and the at
least one additional signal is an analog signal occupying
substantially the entire given band, transmitted at a carrier
frequency different from the carrier frequencies of any of the
first plurality of signals. Advantageously, a plurality of
contiguous given bands occupy a broad band, and in at least
a plurality of the given bands the analog signal is a respec-
tive FM signal occupying substantially all of the respective
given band. In a further advantageous embodiment, at least
one of the first plurality of digital signals has an individual
band which occupies portions of two adjoining given bands.

With this embodiment, having a plurality of narrower
signal channels where the sum of their bandwidths is less
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than the width of the given band, and a wide-band analog
signal transmission covering all of the given band, at receiv-
ing locations covered by the transmitter any one or more of
the digital signal transmissions and the analog signal trans-
mission can be detected with a detected signal quality
substantially equal to the quality that would result if only the
digital signal transmissions or only the analog signal trans-
mission were being received.

At that receiving location the received signal power level
for each of the digital signal transmissions, considered
individually, is desirably at least 18 dB less than the total
received power level for the analog signal transmission; the
ratio of digital signal power to analog signal power which
will not result in unacceptable degradation of the analog
signal is a function of the modulation type and bandwidth of
the digital signal, and the location of the digital carrier signal
with respect to the analog carrier signal. When the individual
digital signal power is 30 dB lower than the analog signal
power the location of the digital carrier signal with respect
to the analog carrier is relatively unimportant insofar as
reception of the analog signal is concerned. At higher digital
signal powers, the location becomes more significant.
Because of the nature of NTSC television signals, there are
“sweet spots” where the digital signal causes insignificant
degradation of the analog signal, and other relative locations
which cause readily discernible impairment. The type of
digital modulation is one variable which determines the
digital signal strength which does not unacceptably degrade
the received picture; and the artifacts caused by some digital
signals are more objectionable than those resulting from
other digital signals.

Over each individual portion of the frequency band occu-
pied by the respective digital signal transmissions the
received signal power level for the respective digital signal
transmission should, in general, be not more than 6 dB
greater than the received signal power level of the analog
signal transmission within that same individual portion of
the frequency band; and preferably the digital power is less
than the analog power level, in particular, at least 12 dB less.
However, there is usually no benefit from making the digital
signal more than 15 dB lower than the analog signal power
within that portion.

In a particular preferred embodiment of the invention, in
a Local Multipoint Distribution Service (LMDS) cellular
microwave system, the analog signal transmission is a
frequency or phase modulated television or video signal,
hereinafter referred to generally as an FM video signal.
Digital signals transmitted from the same location (antenna
mast) may be modulated according to any well-known
method and are transmitted over a plurality of carrier
frequencies which are selected to fall where the power in the
FM signal is relatively low. To provide a low error rate for
the digital signal, at the present time quadrature phase-shift
keyed (QPSK) modulation is preferred. As technology
developments continue, other modulation methods, such as
16 QAM or 64 QAM or still others not now known or much
used, may prove desirable.

In a preferred mode according to the invention, the analog
FM signal has a nominal FM deviation of 3 MHz. The
spectral power density curve for a live television program
showed the power peaks to be approximately a same value,
concentrated over a band less than 6 MHz wide, and to fall
off sharply so that it is down at least 6 dB over nearly 14
MHz, and down at least 10 dB over 12 MHz, of the entire
20 MHz nominal channel band. These values, as observed
via a spectrum analyzer producing a “max hold” curve, do
not reflect the instantaneous distribution, which varies con-
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tinuously with changes in the picture; however, they suggest
that, with careful selection of carrier frequencies at low
points in the band, reception of both a high quality analog
TV signal and at least 8 or 9 T-1 channels or their equivalent
in the same 20 MHz band should be possible.

Alternatively, when the FM deviation is increased to 5
MHz, the center region of approximately constant power
increased only to approximately 7 MHz, but with a more
gradual drop to each side having a more irregular curve, so
that it is down at least 6 dB over approximately 12 MHz, and
down at least 10 DB over 8.5 MHz, of the same total channel
band. These values suggest that, with careful selection of
carrier frequencies at low points or “sweet spots’ in the band,
reception of both a very high quality analog TV signal and
at least 7 T-1 channels or their equivalent in the same 20
MHz band should be possible.

According to another aspect of the invention, signals of
different modulation type are transmitted with different
polarization. This permits use of the full bandwidth for each
modulation without interference at the subscriber’s location,
because each signal has two diversity characteristics which
the receiver uses to discriminate against the interfering
signal. Where channels are used for one way transmission
only, a high degree of freedom from intercell interference
can be obtained by alternating the assignment of modulation
type to a given polarization in adjoining cells. According to
a further preferred embodiment according to this aspect of
the invention, if any channels are used for two way com-
munication with subscriber locations, return signals are
desirably transmitted using the same modulation type as the
signals being answered, but with the other polarization. An
advantage of this operating mode is that undesirable
reflected signals, which were transmitted from and are
reflected back and received at the cell node being
considered, have a different polarization from signals of that
modulation type which are desired return signals. Interfer-
ence is still further reduced if return (upstream) signals are
transmitted with different carrier frequencies.

Yet another embodiment provides an extremely large
number of channels in a given total bandwidth. For each
polarization a full number of analog channels is transmitted,
and a number of digital channels which will not cause
unreliable reception of the analog channels. If a transmitter
is being operated without any closely adjacent cells, then it
should be satisfactory if the analog cells operate with
corresponding channel carrier frequencies. However, at
some reduction in the commonality of transmitting and
receiving modules, interference between program or digital
signals both within a cell and from other cells can be reduced
by frequency interleaving. The principle used here is that at
one end of the band approximately half an analog channel
space is not used for analog transmission. Using one
polarization, a lower channel group have analog carrier
signals spaced approximately normally, sequentially up
from a channel beginning at the lower end of the band; and
digital carriers are transmitted at selected frequencies dif-
ferent from (and, where the interference characteristics
require it, well removed from) the analog carrier frequen-
cies. Using the other polarization, the upper channel group
have analog carrier signals spaced approximately normally,
sequentially up from a channel beginning approximately
midway between the lowest and next lowest of the lower
group. Thus, with respect to each other, the channels of one
analog group have two diversity characteristics aiding dis-
crimination against signals from the other analog group.
Again, digital carriers are transmitted at selected frequencies
well removed from the upper group analog carrier frequen-
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cies. Depending upon the FM (or other modulation) devia-
tion and channel bandwidth selected, experimentation will
show the location of the “sweet spots’ in the spectrum for
locating digital carriers to minimize interference with the
analog signal, and obtain reliable reception of both modu-
lations. Further, it may be advantageous to modify the
analog channel spacing slightly so that the sweet spots of the
upper channels are somewhat interleaved with the sweet
spots of the lower channels; and perhaps to use fewer digital
channels in one or both polarizations, than would be feasible
if only one polarization and set of analog channels were in
use. This arrangement should reduce the error rate experi-
enced in detection of the digital signals whenever insensi-
tivity to signals of the other polarization is less than ideal,
and can minimize intercell interference. The result is
approximately a doubling of the number of analog TV or
other programs which can be transmitted, and an increase in
the number of digital channels. However, it will be desirable
that any return signals be on channels dedicated for that
purpose.

With this embodiment omnidirectional transmission is
acceptable and may be less expensive if cells are not close
or overlapping. However, use of sectors is especially
advantageous, arranged such that a sector with lower chan-
nels on one polarization is flanked by sectors with upper
channels on that polarization. A cellular array is desirably set
up so that sectors facing each other have the same channel/
polarization combination. It is also desirable that the sector
sizes and directions be selected such that a subscriber near
the overlap between two sectors does not face the transmitter
of a nearby other cell.

The invention is particularly useful for transmission in the
UHF or SHF spectral bands utilizing radio transmission
which operates essentially as line of sight propagation,
where governmental regulations make it difficult to increase
the number of signal channels to match demand, but channel
bandwidths are relatively small compared to the carrier
frequencies. It may also be applied for any other type of
transmission where desire for more channel capacity
exceeds technological capability of using a broader spec-
trum.

Particularly when it is desirable to reduce initial capital
costs, a system can initially be provided which has a
minimum of duplicated equipment at the transmitting sites,
even though this reduces the number of digital channels
available. Subscribers can be offered a minimum cost choice
of analog only, or additional digital services at higher
monthly cost. Subsequently the system can be upgraded to
use sectorizing and polarization diversity within the cell
without need for replacing any original equipment; the
major disadvantage of this business plan is that at a
changeover time, the polarization angle for some subscriber
antennae will require changing. However, the subscriber
antennae used for the preferred frequency bands are so small
that they are readily realigned by the individual subscribers.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic view of a system according to the
invention using a common transmitting antenna,

FIG. 2 is a schematic view of a system according to the
invention using antennae with different polarizations,

FIG. 3 is a chart showing a cellular transmitting arrange-
ment according to the invention, having 90° sector antennae
for transmission in each cell,

FIG. 4 is a chart showing another cellular transmitting
arrangement according to the invention, having 180° sector
antennae in each cell,
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