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ety of two-way communication services including tele-
vision, both public and private programming, digital
two-way transmission, special video teleconferencing,
radio programming and telephone services. A low
power output coupled with a wide bandwidth in the
27.5 to 29.5 GHZ millimeter wave band region is em-
ployed along with very high Q filtering intermodulation
and interference reduction circuitry. The system has the
ability to transmit, retransmit and receive numerous
simultaneous signals with little or no modulation distor-
tion or interaction. Further reduction of distortion is
achieved through the use of modulation diversity, fre-
quency diversity and space diversity.

20 Claims, 10 Drawing Sheets
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FIG. 6
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LOW POWER MULTI-FUNCTION CELLULAR
TELEVISION SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a low power, point to multi-
point, multi-function cellular television system.

2. Description of Related Art

Low power television has been the object of many
recent investigations. A useful discussion can be found
in the article entitled “Low-Power Television—Short
Range, Low Cost TV Stations are in the Offing as the
FCC Prepares to Establish Broadcast Requirements”
that appeared in the IEEE Spectrum, Pages 54 through
59, June 1982.

Multi-point radio communication is discussed in some
U.S. Patents, including U.S. Pat. No. 4,528,656. There
are also existing applications for polarization diversity
between transmitting and receiving antennas. It is
known that two way satellite communications often
involves the use of vertically or horizontally polarized
signals which communicate respectively with vertically
and horizontally polarized signals from earth. There
also exists some limited circumstances where individual
horizontal and vertical diversity is employed. See for
example, U.S. Pat. No. 2,288,802 which describes a
system of transmission between two stations wherein
vertically polarized waves travel in one direction and
horizontal polarized waves travel in another. However,
it should be noted that the concept of polarization di-
versity is normally limited to two transmitting stations
and not to arrays of receiving and transmitting anten-
nas.

The use of directional antennas is found in certain
contexts. Note, for example, U.S. Pat. No. 3,041,450
which describes the use of a directional receiver for
receiving a signal from an omni-directional transmitting
antenna. Other patents that discuss polarized modula-
tion or the use of horizontal vs. vertical polarization in
the context of radio transmissions include U.S. Pat. Nos.
2,992,427, 3,882,393; 4,220,923; 4,321,705 and 4,521,878.

U.S. Pat. No. 4,495,648 is of possible relevance in that
it appears to disclose a concept for monitoring a radio
signal at a distant location and then modifying the trans-
mission to adjust the output power of the originating
transmitter. Phase-lock loops are occasionally used in
the context of radio receivers. Note for example, U.S.
Pat. No. 4,228,540.

One major problem associated with low power tele-
vision and high frequency transmissions is fading due to
rainfall and the like. A brief discussion of that problem
is found in U.S. Pat. No. 4,313,220 entitled CIRCUIT
AND METHOD FOR REDUCING POLARIZA-
TION CROSS-TALK CAUSED BY RAINFALL.

Lastly, U.S. Pat. Nos. 3,864,633 and 4,525,861 may be
of general relevance.

While certain elements of the present invention may
be found in other contexts, insofar as can be determined,
none of the relevant literature suggests a low power
multiple carrier cellular television system having the
efficiency and lack of distortion of the invention set
forth in this disclosure.

SUMMARY OF THE INVENTION

Briefly described the invention comprises a low
power cellular television system that employs polariza-
tion diversity to substantially decrease intermodulation
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distortion. An array of transmitting antennas is orga-
nized such that horizontally and vertically polarized
transmitters alternate throughout the system.

Each receiver with its appropriate narrow beam-
width antenna is directed at a specific transmitting an-
tenna and adapted to receive signals only of the fre-
quency and polarization of the transmitting antenna.
The system preferably operates in the 27.5 to 29.5 GHz
millimeter waveband thereby providing broad band-
width but relatively short, line of sight transmission
distances. Substantial isolation is achieved between
neighboring transmission systems by means of polariza-
tion, amplitude adjustment, modulation techniques,
frequency and space diversity as well as through the use
of high Q filtering. Intermodulation levels are con-
trolled by adjusting the multiple input levels of the
receiver. Due to the substantial isolation between alter-
nate communication carriers and broad bandwidth of
the system it is possible to provide a variety of addi-
tional services such as two-way television, both for
public and private programming, digital two-way trans-
mission, special video teleconferencing, radio program-
ming and telephone service. If the transmission from the
transmitter to the receiver is made with vertically polar-
ized signals, then the receiver will preferably transmit
back with horizontally polarized signals. Individual
transmitters and receivers include novel circuitry that
further increases the selectivity and isolation of the
system as a whole. Given the substantial electrical isola-
tion of individual transmitters and receivers it is possible
to establish a system which covers a large area without
interference on the multiple receivers.

These and other features of the invention will be
more fully understood by reference to the following
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic diagram of a receiver accord-
ing to the preferred embodiment of the invention.

- FIG. 1B is a schematic diagram of an alternative
frequency plan.

FIG. 1C is a schematic of a receiver having repeater
rebroadcast capabilities.

FIG. 2 is a schematic diagram of the transmitter ac-
cording to the preferred embodiment of the invention.

FIG. 3 is a top plane view illustrating the overall
organization of the antenna array with respect to indi-
vidual transmitter and receiver stations.

FIG. 4A illustrates the spacial diversity of transmitter
and subscriber receiver antennas within a given cell of
the system.

FIG. 4B illustrates the relationship between two or
more subscriber receiving stations and their common
omnidirectional antennas within a given cell of the sys-
tem.

FIG. S5A illustrates an extended cell employing a
repeater station to extend the range of the system.

FIG. 5B is a plan view of an extended cell such as
illustrated in FIG. 5A.

FIG. 6 is a graph of the characteristic of the im-
proved transmitter phase filter.

DETAILED DESCRIPTION OF THE
INVENTION

During the course of this description like numbers
will be used to identify like elements according to the
different figures which illustrate the invention.



4,747,160

3

It is easiest to understand the invention by first focus-
ing on the smallest common element, namely the re-
ceiver 10 illustrated in FIG. 1A and then working up
through the transmitter system 60 illustrated in FIG. 2
to the overall system 200 illustrated in FIG. 3. Each
receiver 10 according to the preferred embodiment of
the invention includes an antenna 12 having elements 14
and 16 for receiving vertically polarized signals Tx 64
and transmitting horizontally polarized signals Tr 68
respectively. Accordingly, antenna 12 is used for polar-
ization diverse transmission and reception that may be
implemented either by two separate antennas having
two different polarizations or by a single antenna 12
combining the two polarization capabilities as illus-
trated in FIG. 1A. Local oscillator 26 generates a signal
that is mixed with the incoming 27.5 to 29.5 GHz modu-
lated carrier in a first frequency converter FC#1 18 to
produce in the case of television reception a 200 to 2200
MHz frequency modulated band containing a number
of video signals with audio subcarriers. The output
signal is amplified by amplifier 20 and directly coupled
through coupler 22 to a second frequency converter
FC#2 28. A portion of the signal from the first fre-
quency converter FC#1 18 is fed back to local oscilla-
tor 26 through discriminator 24. The voltage fed back
to local oscillator 26 controls its frequency so as to lock
it to the master oscillator frequency L; at the omni-
directional transmitter station 60 illustrated in FIG. 2.
.- Accordingly, discriminator 24 and local variable oscil-
lator 26 form part of a phase locked loop. Thus, even if
a given omni-directional transmitter 60 drifts as a func-
tion of temperature or time, all receivers 10 will track it
without the need for expensive crystal controlled mas-
ter oscillators or local oscillators within the receivers 10
themselves. Signals from the second frequency con-
verter FC#2 28 are fed through amplifier 30 and filter
32 to discriminator 34. A portion of the signal from
discriminator 34 is fed back to manually tunable local
oscillator 38 whose output is also fed back as a second
“input to the second frequency converter FC#2 28. Os-
- cillator 38 is manually tunable by control 48. The fore-
going demodulation invention is especially efficient and
low cost in that only one specific signal is selected
through the use of manually tuned oscillator 38 and the
automatic frequency control (AFC) loop in which it is
found. Amplifier 36 amplifies the signal from discrimi-
nator 34 and produces an amplified output at terminal
§50. Nearly all interfering oscillators from other cells
will vary at different frequency rates in a random fash-
ion thereby being further attenuated by the strong sig-
nal capture characteristics of oscillator 26 dictated by
the prime amplitude modulated signal in the principle
cell. The result is an amplitude modulated signal at
discriminator 34 which coincides with the standard
VHF television channels 3 or 4 on a video monitor
receiver. Accordingly, the signal at output terminal 50
can be fed directly to a standard television receiver.

Element Element
Number Name General Description Vendor
12 Antenna Dual polarization 1 to MA/COM
2 Ft dia. horn 2" to 6" Seavey
Stripline (duroid) array (Feed)
[gain and directivity Bail Brothers
on area}
Frequency 27.5 to 29.5
GHz
100 Directional 10 dB directional coupler ~ Krytan
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-continued

Element Element

Number Name . General Description Vendor
coupler WR 28 waveguide MDC
13 Variable 0 to 20 dB attenuation Narda
attenuator  WR 28 waveguide
18 Frequency Conversion loss, Lc = TRW
‘Converter - 10 dB max Microwave
FLO = 27.3 GHz Local RHG
oscillator, drive > +10 MA/COM
10 dBm < +15dBm
VSWR 2:1, noise figure
12 dB, max Dynamic
Range (1 MHz band-
width) = 110 dB
20 Amplifier | Gain 20 to 40.dB Mini
frequency 200 to 2200 circuits
MHz 1 dB compression Trontech
(output) +15 dBm
22 Coupler 10 dB to 20 dB, frequency Narda
200 to 2200 MHz Microlab
FXR
24,26 AFC Frequency 27.300 GHz MA/COM
Oscillator  Power output +15 dBm Gunnplexer
lock range 30 MHz
28 Frequency Frequency 200 to 2200 RHG
Converter = MHz double balanced Trontech
image rejection,
dynamic range
(1 MHz bandwidth) = 110
dBm Local oscillator 130
to 2130 MHz, Noise figure
15 dB max.
30 Amplifier  Frequency 200 MHz, AGC, Trontech
Gain 20 to 40 dB
34,38  Oscillator  Mechanically tuned plo Multiple
frequency 130 & is to Vendors
2130 MHz (could be in
2-4 bands) power output
-+15 dBm
36 20 dB video amplifier Multiple
frequency 0 to 6.5 MHz Vendors
11 Antenna Same as 12 except single See above
polarization Antenna 12
313 Variable WR-28, WG, 0 to 20 dB Narda
Attenuator
318 FC #1 Conversion loss 10 dB max TRW
noise figure 12 db RHG
Time MW
320 Amplifier G =20dB,NF. =25 Trontech
dB freq. 940-1440 MHz or  Tx Engr.
freq. 440-940 MHz
321 Receiver Freq. = 940-1440 MHz Scientific
or = 440-940 MHz Atlanta Tx
Engr.
General
Instrument
Adams
Russell

An alternate frequency plan scheme utilizing the
same basic concept is to divide the incoming 27.5t029.5
GH; signal band into four equal 500 MHZ segments as
shown in FIG. 1B. This alternative system can employ
fixed cavity stabilized oscillators or the frequency con-
trol system outlined previously.

Element Element
Number Name General Description
313 Variable Automatic level adjustment
attenuation
318 Frequency Balanced or double balanced
Converter in order to achieve 60 dB

image rejection conversion
loss 7 dB max single
sideband noise figure 10 dB
max (with IF N.F. = 2.5 dB
VSWR 1.5:1

L.O. level +10 dBm per
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-continued

Element Element
Number Name General Description

pair diodes 5
320 Amplifier Gain = 16 dB min
Noise figure 2.5 dB max
1 dB gain compression =
10 dBm, input/output VSWR
1.5:1, reverse isolation
30dB
Local Oscillator Power output +16 dBm or 10
+10 dBm (balanced or double
balanced), frequency
tunable 26.55-28.05 GHz
with AFC to L1 (or cavity
stabilized fixed frequency)

15

A two-way transmission format is made possible by
employing the horizontal polarization transmission por-
tion 16 of the antenna 12. The local system oscillator 26,
which is frequency synchronized to one amplitude
modulated carrier among the multiple frequency modu-
lated carriers of the omni-directional transmitter 60, is
used to drive offset mixer 44 which also receives an
input from the fixed offset oscillator 43. The resultant
signal is mixed in another mixer 42 with the digitized
and/or amplitude modulated audio signal the result of 23
which is amplified by amplifier 46 and transmitted in the
horizontal polarization mode by antenna element 16 as
signal Tr 68.

Ghosting due to multipath propogation is eliminated
because of the high selectivity narrow beamwidth of the 30
receiver antenna 12 which is preferably placed facing
the direction of the strongest transmitting antenna 62 in
the array. The beamwidth of the preferred embodiment
of the receiver antenna 12 is approximately 1 to 2 de-
grees which is sufficiently narrow when combined with 35
a system of alternately horizontal and vertically polar-
ized transmitting antennas Tz and Ty as shown in FIG.

3 to substantially eliminate distortion. Lower gain and-
/or wider beamwidth antennas may be used for receiv-
ers which are located nearby the transmitting antennas. 40
Since all desired signals should be appearing at the
antenna 12 at the same level, the intermodulation level

of the system 200 is controlled by adjusting the signal to
noise level of the system to a predetermined value. For
input signals of —40 dBm (32 dB greater than that re- 45
quired for excellent video quality in an FM system) and

a local oscillator level of approximately 410 dBm, the
expected fourth order in-band intermodulation levels
would be approximately 110 dBm which is below the
noise level for a typical receiver with a —72 dBm mini- 50
mum acceptable signal level for excellent quality video.
Cellular power levels can be maintained throughout
various levels of rainfall by a receiver re-transmitter at
fringe areas which feeds information back to the omni-
directional transmitters 60 to change their output power 55
or by automatic adjustment of the variable attenuator 13
for receivers not in fringe areas.

A block diagram schematic of the preferred embodi-
ment of the transmitter 60 is illustrated in FIG. 2. Trans-
nmitter 60 is at the omni-directional radiating node of a 60
group of cells 214H and 214V in geographical array 200
illustrated in FIG. 3. A pair of multiplexer circuits 70
and 86 are used to provide frequency and digital multi-
plexing of a variety of signals which are to be radiated
from omni-directional antenna 62. A group of signals 72 65
including L1, V1, V3, ... Vyare fed into FM multiplexer
70 producing a2 modulation band of information in the
frequency range of 200 to 2200 MHz. The output band

20
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is converted by up-converter PUC 74 to the frequency
range of 27.5 to 28.5 GHz according to the present
example. Simultaneously an equal spectrum of digital
signals 84 comprising inputs Ay, A; ... A, are multi-
plexed in digital multiplexer 86 and up-converted in
PUC 88 to frequencies in the range of 28.5 GHz to 29.5
GHz. The 27.5 to 28.5 GHz signal from PUC 74 is
filtered by phase filter 75 and fed as a first input to
power amplifier 80. A second phase filter 91 receives
the 28.5 GHz to 29.5 GHz output from PUC 88 and
supplies a second input to power amplifier 80.

The phase filter design 75 utilizes both the amplitude
and abrupt phase shift characteristic of an LC network,
71, to provide a performance characteristic which is
substantially better than that achievable with the same
LC network used in normal configuration. See FIG. 6.
The phase network 75 when used to synthesize a band
reject filter characteristic results in a typical rejection
performance which is 50 dB using typical resonator Q’s
of 100. This compares to a conventional band reject
filter performance of only 16 dB using LC filter ele-
ments with the same Q of 100.

The input signal coming into phase filter 75 is divided
by a power splitter transformer, 76, into two paths; one
containing an LC network 77 and the other an ampli-
tude adjustment 78. LC network 77 could comprise an
inductor, a capacitor and a resistor in series. Amplitude
adjustment circuit 78 could comprise a conventional
variable resistor. The output of these paths is then com-
bined (i.e., added) by a power splitter 79 similar to
power splitter 76.

The performance characteristic of a network using 77
and 78 as described above is

Rx —r

G=GFTROE T RD

G=oforr=Rx

The resultant is a band pass filter network achieved
by adding a 180 degree phase shift to one of the paths of
the filter which exhibits a band reject characteristic
with a rejection point substantially greater than that of
a conventional filter with similar elements due to the
vectorial cancellation.

Typical performance compared to conventional net-
work using L =520.5 nH, C=2.12 pF is given in FIG. 6.
Phase filter networks 91 and 107 work in the same man-
ner as phase filter 75 just described. .

The resulting 2 GHz (29.5—27.5 GHz) of information
bandwidth is amplified by linear power amplifier 80 and
then radiated to a large number of system subscribers 10
within the geographic cell 214H or 214V near omni-
directional antenna 62 or via a small number of quadrant
directional antennas. Omni-directional antenna 62 pro-
duces a vertically polarized transmitted signal Tx 64
which is received by the vertically oriented element 14
of each of the directionally oriented receiver antennas
12. The specific subdivision of 2 GHz of available band-
width given in this example may vary with particular
cells 214H and 214V within the system array 300, ac-
cording to the need for and mixture of video and digital
transmission requirements.

Up converters PUC 74 and 88 are balanced so that
the frequency of master oscillator 61, for purposes of
this example operating at 27,300 MHz is suppressed. A
lower side band of frequencies is redundant to the trans-
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