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(57) Abstract

The present invention is directed to a dynamic range enhancing system for increasing the dynamic range of a transmission
link (22), and also to a process for increasing the dynamic range of a transmission link (22). An instruction setting process is also
provided for defining a set of instructions, for a control device (42) of the system, which detects, at an initial position along the
transmission link (22), the level of a transmit signal adapted to be transmitted over the transmission link (22). The control device
(42) controls a first signal level changing device (32) and a second signal level changing device (34) in response to the detected
level. The first and second signal level changing devices (32, 34), respectively, process the transmit signal level before and after

transmission over the link (22).
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DYNAMIC RANGE ENHANCER

1. Technical Field of the Invention

The present invention relates to a dynamic range enhancing
system for increasing the dynamic range of a transmission link.
More particularly, the present invention is directed to a dynamic
range enhancing system, and a process for increasing the dynamic
range of a transmission link, to thus increase the usable RF input
range of the transmission link. The dynamic range enhancing system
and process for increasing the dynamic range of a transmission link
of the present invention are particularly well suited for use,
e.g., in transmission links comprising optical components; however,
the scope of potential uses is not limited to the same, and a wide
variety of applications are presently intended, only some of which
are enumerated herein below.
2. Discussion of Background Information

Conventional vehicular cellular radio systems have stringent
intermodulation and noise figure requirements, particularly for
cell site equipment, where a large number of users may share
receiver preamplifiers of a single cell site. An example of a
conventional system is the AMPS system such as described by
EHRLICH, N., et al., in "Cell Site Hardware," Bell System Technical
Journal, January, 1979, pages 153-199. The low noise receiver
preamplifier subsystem requirements of the original AMPS system
included a 2.5 dB noise figure. 1In addition, with two RF signals
of -35 dBm each at the input of the receiver preamplifier, the
third-order intermodulation product at the output should be greater
than 65 dB down from the level of each of the two input RF signals.
This is equivalent to an input third-order intercept of -2.5 dBm,
and translates to a spurious-free dynamic range of about 83 dB,
assuming a channel bandwidth of 30 kHz.

Modern cell site receiver systems are capable of operating in
a vehicular cellular environment characterized by high user density
with all available channels loaded during the busy hour for some
cells, and thus require cell site receiver preamplifiers and
receivers which have high dynamic ranges. As cellular systems
gradually adjust to using the U.S. digital cellular standard (US
TIA TDMA; Telecommunications Industry Association Time Division
Multiple Access, also commonly referred to as Digital AMPS), the
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overall dynamic range requirements are expected to remain
stringent.

The degradation of system performance due to third-order
jntermodulation effects typically occurs when strong and weak
signals are simultaneously amplified by the same preamplifier.
Intermodulation products resulting from stronger signals may fall
on or near those frequencies at which weaker signals are being
received, effectively producing co-channel interference in the
desired weak signal. This is particularly likely in cellular
systems where the channel spacing among voice channels used in a
given cell is uniform.

The input signals particularly handled by a cell site
preamplifier include signals received from vehicles located near
the base of a tower or building on which the receiving antenna is
mounted, as well as signals received from vehicles located several
miles from the cell site. Typically, cell site antennas have
radiation patterns which do not provide significant antenna gain
for locations at ground level and in the immediate vicinity around
the cell site. Therefore, signals from vehicles located near the
base of the receiving antenna typically do not produce the highest
signal levels processed by a cell site preamplifier. Instead, the
highest input signal levels typically come from nearby vehicles and
portable terminals within the main coverage area of the
antenna, such as would be the case for the fourth floor of an
adjacent building. The closest distance from a cell site antenna
to the nearest user terminal is typically several hundred feet.

Optical fiber cable transmission links have been used to
provide low-loss transmission of RF and microwave signals over
reasonably long distances. Apparently, the dominant sources of
non-linearity (which causes intermodulation distortion) for such
systems are optical components such as laser or light-emitting
diodes used in converting electrical signals to light signals.

Many of the applications for transmission of satellite down
link signals do not require extremely wide overall dynamic ranges
for the optical link. Most satellite RF transmission links are
jdeal candidates for use with fiber-remoting technology, since
satellite links are typically not affected by rapid deep fading and
do not need to handle a wide range of incoming signal levels from

one or more satellites simultaneously. On the other hand, cellular



WO 92/21179 PCT/US92/03876

3

receiving systems must typically handle a wide range of signal
levels simultaneously.

The overall dynamic range requirements are even more stringent
for possible future systems which may employ low power (e.g., +10
dBm output) hand-held transceivers in a micro-cell environment.
This is essentially a result of the potential for the remote
antenna to simultaneously receive signals from high~powered
vehicular terminals (transmitting up to +35 dBm ERP effective
radiated power) and hand-held portable terminals (transmitting up
to +28 dBm ERP) near the antenna, while simultaneously receiving a
weaker signal from a hand-held +10 dBm output portable located 1500
feet from the antenna and perhaps not directly in a line of sight
path.

In another potential scenario, an omni-directional remote
antenna unit could be located on a street corner and simultaneously
receive two signals from vehicles located 30 feet from the antenna,
both transmitting to distant vehicular cellular cell site antennas.
These vehicular terminals could be either accessing vehicular cell
sites associated with the same system or could be operating in the
extended spectrum segment assigned to the alternate cellular
carrier and located adjacent to the frequencies utilized by the
micro-cell. In this case, the received level at the micro-cell
could be as high as =15 dBm for each signal. If, instead, there
were two nearby hand-held portables equipped with reverse channel
power control, each with an output power of +8 dBm ERP and located
15 feet from the micro-cell, the received level could be as high as
-35 dBm for each signal. On the other hand, the desired input
signal level coming from a distant hand-held portable user could be
about =110 dBm. Based on published propagation models, the
portable could actually be located anywhere from 200 to 1000 feet
from the antenna. For example, see BERNHARDT, R.C., "The Effect of
Path Loss Models on the Simulated Performance of Portable Radio
Systems, " Proceedings of Globecom ‘89, November 1989, pages 1356-
1360.

Therefore, a spurious-free dynamic input range of greater than
about 75 dB is required where two hand-held portables generate
intermodulation products, and greater than about 95 dB is required
where the two nearby vehicular transmitters are causing
intermodulation distortion. For the case where an FM system’s
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performance is determined by the level of co-channel

intermodulation noise, the desired incoming or received signal
jevel must be greater than the level of the intermodulation signal
by the magnitude of the capture ratio, which is typically about 6
dB.

Many cellular systems employ a limited range adaptive power
control for mobile transmitters to jdeally utilize the minimum
output power required to maintain communication with the cell
sites. The typical range of adjustment by the adaptive power
control is 28 dB total, with discrete steps approximately 4 dB
apart. The primary benefit is reduction of co-channel
interference, since the same channels are typically re-used in
other vehicular cells and micro-cells within the same local
cellular system. A secondary benefit of power control is the
overall reduction of the incoming signals and the overall input
signal level produced thereby at the cell site, thus easing pre-
receiver preamplifier dynamic range requirements.

In the case of the micro-cell environment, transmitters with
variable output power under cellular system control are also
utilized, and these transmitters would ideally utilize a range of
maximum output power levels and range of power adjustments. The
reason is that while present hand-held portable units have a
maximum output power of 0.6 watts, the apparent demand for a lower
battery drain, shirt-pocket size unit is expected to create a
market need for lower output power units capable of operating in a
micro-cell environment. Also, the mobility of the terminal user
allows the transmitter to be located quite close to the micro-cell
antenna units. Typically, micro-cell antenna units may be placed
within 10 to 30 feet of ground level.

While it is 1likely impractical or not cost-effective to
optimize fiber optic cable antenna-remoting systems to operate in
the most difficult signal level range environments, a reasonable
level of performance comparable to that obtained for present cell
site receiving systems, e.g., equivalent to nearly 85 dB of usable
dynamic input range, would be acceptable for many signal level
environments.

Early antenna-remoting systems employing intensity-modulated
fiber optic cable transmission were designed to obtain a spurious-—
free dynamic range of 53 to about 73 dB. For example, see MEYER,
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L.J., "Using Fiber Optic With Analog RF Signals," Proceedings of
VIC_ ‘89, May 1989, pages 398-400. Recently, a spurious-free
dynamic range of about 77 dB has been reported by FYE, D.M.,
"Design of Fiber Optic Antenna Remoting Links for Cellular Radio
Applications," Proceedings of VTC ‘90, May 1990, pages 622-625.
Linearization techniques have been utilized for laser diodes
in laboratory settings to further provide reduction of
intermodulation products generated by laser diodes. However, such
lihearization techniques are costly and complex. Such techniques
include active pre-distortion, electro-optical feed-forward, and

electro-optical feedback configurations. These active
linearization techniques for laser diodes, such as disclosed by
DARCIE, T.E. and BODEEP, G.E., "Light Wave Subcarrier CATV

Transmission Systems," IEEE Transactions on Micro-wave Theory and
Techniques, Vol. 38, No. 5, May 1990, pages 524-533, are apparently

not yet feasible for widespread deployment. Due to the reported
existence of frequency-dependent and frequency-independent
intermodulation processes, the linearization alternative,
especially for wide band RF signal transmission, appears
impractical. Second-order predistortion has also been employed for
transmitting two analog video signals or a 960 voice channel FDM
(Frequency Division Multiplexed) noise-~loaded test signal over a
fiber optic cable utilizing a light-emitting diode, as reported by
RAMADAN, M., "Analog Signals Transmission over Optical Fiber
Systems," 1985 IEEE MTT-S Digest, June 1985, pages 303-306; but
nonetheless, third-order distortion products were not cancelled.
Two antenna remoting systems which do not employ active
linearization techniques to cancel laser diode distortion are
described by FYE, D.M., "Design of Fiber Optic Antenna Remoting
Links for Cellular Radio Applications," Proceedings of VTC ‘90, May
1990, pages 622-625 and by MEYER, L.J., "Using Fiber Optics With
Analog RF Signals," Proceedings of VTC ‘89, May 1989, pages 398-

400. These systems were apparently designed to provide adequate
cost-effective performance in the particular environment in which
they were required to be operated.

These two systems both use fixed gain RF preamplifiers, the
gains of which were set so that the highest expected incoming
signal would not over-drive the laser diode utilized by the optical
transmission link and cause significant intermodulation noise.
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Neither of these two systems described in the literature was shown
to have an 85 dB usable dynamic input range. It is noted that for
a typical cell site application, the fiber optic link output feeds
a receiver multi-coupler having one or more integral low-noise
amplifiers with an optimum signal-to-noise ratio and signal-to-
intermodulation noise ratio performance, so as to provide
acceptable signal levels to a receiving system.

- In one of the above-mentioned systems, described by Meyer of
DECIBEL, the FP laser modulator has an input third-order intercept
of +24 dBm. Fig. 1 shows a block diagram of an antenna remoting
system described by Fye of GTE. In the GTE system, preamplifier 10
is provided having a noise figure of 2.7 dB and an RF gain of 37
dB. Further, a fiber-optic transmission link 12 is provided having
an RF loss of 27 dB. An equivalent amplifier 14 shown in Fig. 1
represents the overall equivalent net gain of the GTE system, which
is 10 dB. In the GTE system, the DFB laser modulator apparently
has an input third-order intercept of about +27 dBm. The 1link
output noise (due principally to the laser noise) is about -115.5
dBm measured in a 30 kHz band width, with no RF input signal.
Therefore, if an RF signal at =-125.5 dBm were connected to
preamplifier input 16 as shown in Fig. 1, the output response of
the system would be about equal to the noise level present at the
output of the link with no input signal present at preamplifier
input 16. A 37 dB RF gain and 2.7 dB noise figure for preamplifier
10 appear to be well suited for micro-cell applications, if only
the lower end of the preamplifier input dynamic range is
considered.

If a composite RF signal comprising two individual signals at
-48.5 dBm each were connected to the preamplifier input 16, the
level of the resulting two-tone third-order intermodulation
product at link output 18 would still be =-115.5 dBm, which is
equal to the level of the random noise output for a 30 KkHz
bandwidth when no RF input signal is present. For the system, the
input signal range over which the output third-order
intermodulation product is at or below the output level of random
noise with no input is known as the spurious-free dynamic input
range, and for this case is 77 dB, determined by subtracting 48.5
from 125.5. This example also indicates that the link performance

may be degraded if two or more input signals having levels greater
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than -48.5 dBm were connected to preamplifier input 16. Since the
preamplifier gain is 37 dB, this translates to a maximum allowable
level at laser diode modulator input 20 of -11.5 dBm for each of
two signals, giving a two-tone third-order intermodulation product
of 77 dB below the level of each of the two high level signals.
The composite power at laser diode modulator input 20 for these two
signals would be -8.5 dBm.

It is worthwhile to consider the effect of connecting signals
to preamplifier input 16 at levels higher than -48.5 dBm each,
particularly since it is possible in actual applications for a
nearby mobile or portable transmitter to cause an input as high as
-15 dBm. In a typical scenario, however, two signals at =35 dBm
each are injected at the preamplifier input 16. In this case, the
result for the GTE system would be: (a) two high-level signals
would appear at transmission link output 18 at a level of -25 dBm
each; and (b) two signals due to the third-order intermodulation of
the two high-level input signals would be generated within the
system and would appear at output 18 of link 12, at about 50 dB
below each fundamental signal, corresponding to a power of -75 dBm
for each intermodulation product at link output 18, which is
equivalent to -85 dBm each referred to preamplifier input 16.
These two extra undesired signals may unfortunately fall on the
same frequency as a desired voice channel signal, and thus the
level of a desired incoming signal falling on the same frequency
must, due to capture effect, be at least -79 dBm or greater at
preamplifier input 16 in order to capture the receiver at the cell
site. Thus, when two higher level input signals at -35 dBm each
are input at preamplifier input 16, the effective spurious-free

dynamic input range for other input signals is reduced to about 44

dB (about 79-35, which is about 44 dB).

Consequently, using the Figure 1 system, if a hand-held
portable, which may be at some distance from the micro-cell
antenna, were only injecting a -110 dBm signal (as was the case for
a previous example), the call in progress from the portable would
likely be completely disrupted by the intermodulation signals ‘if
one intermodulation product fell within the same voice channel as
that occupied by the desired =110 dBm input signal. This is
obviously quite undesirable.
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If two input signals at an even higher level, e.g., -31 dBm
for each signal, were instead injected, the fundamental signals at
link output 18 would be -21 dBm each, and two-tone third-order
intermodulation products would be about 42 dB below the fundamental
signals, corresponding to =73 dBm for each intermodulation product
referred back to the level at preamplifier input 16, effectively
interfering with possible desired input signals at preamplifier
input 16. In this case, for an input signal to overcome the
intermodulation noise and produce a usable demodulated signal at
the FM receiver, it would have to be at a level of at least -67
dBm.

Systems are typically provided to allow system control of
output power for mobile and portable terminals to ease the overall
dynamic range requirements for micro-cells and antenna remoting
links. Unfortunately, as shown in the example above, the benefits
provided by controlling the mobile or portable transmitter power
would likely not be adequate to provide intermodulation performance
for a micro-cell antenna remoting link, which is comparable to that
now being offered by conventional cell site equipment. This is
particularly true when a nearby transmitter is not controlled by
the remote micro-cell antenna of interest, such as when the nearby
transmitter is either served by a large vehicular cell or another
local cellular system. Another system has been proposed to resolve
the high-level signal problem as discussed above by substituting
the preamplifier of a remoting system with an AGC (Automatic Gain
Controlled) amplifier. See HOWAT, F., ncell Like Performance Using
the Remotely Controlled Cellular Transmitter," Proceedings VTC ‘89,
May 1989, pages 535-541. For a system using a laser diode, the AGC
action would ideally limit the output power of the preamplifier,
thus preventing high total power levels from over-driving the laser
diode. The gain of an AGC amplifier may alternatively be
determined by the average of the signal envelope or by the peak
thereof. However, this particular remedy also has a number of
undesirable effects in resolving the high-level signal problem,
which are noted as follows:

(a) If the AGC time constant is too slow, high

signal levels may over-drive the laser diode
until the loop of the AGC responds. Since the
gain of the AGC is highest when the input
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signal level is low, the first parts of an
incoming signal are amplified at maximum gain
until the automatic control takes over.
Consequently, a sharp peak, or overshoot, may
appear at the output of a remoting system
utilizing an input AGC preamplifier.

(b) If the AGC time constant is too fast,
information transmitted through the use of AM
(Amplitude Modulation) signals may be removed
due to varied amplification by the AGC
amplifier. Also, because of intentional AM on
one or more high-level signals, undesirable AM
may be impressed on low-level signals without
intentional AM. Moreover, wide-band feedback
loops typically are more prone to exhibit
instabilities. Received TDMA (Time Division
Multiple Access) bursts may also cause system
performance problems.

(c) If the AGC loop stability parameters are not
properly defined, the AGC amplifier output may
exhibit undesirable ringing, overshoot, or
undershoot. This is particular true when
sudden large input level changes or transients
are encountered.

(d) If the AGC amplifier has excessive AM/PM
(Amplitude Modulation/Phase Modulation), the
PM generated by the amplifier may degrade the

. quality of the signals being amplified.

(e) Depending on the specific implementation, AGC
amplifiers may exhibit poor noise figure
and/or degraded linearity (including excessive
compression, expansion or third-order
intermodulation effects) at some input levels.

(f£) Since most cellular systems employ reverse
channel power control, the effect of an AGC
amplifier would be to remove the desired
effect resulting from a change of transmitter
power level. This reduction in overall link

gain as the system input power level increases
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may in turn cause a system performance
degradation or transmitter power control
instability.

Some of the problems listed above arise as a result of the
fact that an AGC amplifier is typically a type of feedback
amplifier, which has inherent technical challenges regarding loop
timing. For example, a correction is only initiated when it is
already "too late," and an error (in the sense of an unduly high or
low instantaneous output level) has already been detected at the
output.

Another way some systems have attempted to resolve the high-
level input problem is by selecting a lower fixed RF gain for the
preamplifier, or by installing a fixed attenuator in series with
the input and/or output of the preamplifier. These measures
effectively reduce the signal-to-noise ratio at the laser diode for
the entire input range, and potentially degrade the overall
performance at all input signal levels as a trade-off for providing
lower intermodulation distortion levels for high system input power
conditions.

Another way of addressing the high-level input problem is to
utilize a limiting amplifier or a fixed gain amplifier with a low
output power capability. In most cases, this approach increases
the level of intermodulation products generated by the preamplifier
and generally raises the level of intermodulation noise generated
by the preamplifier, making it approximately equivalent to the
level of the intermodulation products caused by the laser diode or
light-emitting diode, and typically doubling the total transmission
llnk intermodulation noise. There is also a large potential for
1ntroduc1ng AM/AM distortion and AM/PM distortion for the system
input signals being processed with this approach. Without
employing some type of output power compression or limiting
capability, the preamplifier would be capable of over-driving the
laser or light-emitting diode by about 20 dB or more, potentially
introducing a substantial amount of intermodulation noise.

Tt should be noted that the above-mentioned high-level signal
problem may also occur when using free-space optical links, since
the laser or light-emitting diode noise and intermodulation

characteristics thereof could also potentially limit the overall
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dynamic range of an RF transmission link using free-space optical
transmission.

A further potential remedy for the above-mentioned problem
would involve the use of advanced antennas, such as those adaptive
phased arrays capable of attenuating signals with too high an input
signal level. An additional possibility is the use of a fixed
array with reduced capability to receive signals from transmitters
located extremely close to and underneath the antenna, for example,
if it were mounted to a tall pole or antenna mast.

An additionally related problem which may potentially occur
with micro-cell antenna remoting systems relates to the fiber-optic
cable and/or free-space optical 1link used in transmission of
signals in the opposite direction, that is, from the cell site
toward the remote antenna unit. 1In the event a single cell site
transmitter’s power control function misadjusts the output power to
an abnormally high level, the laser or light-emitting diode of the
optical transmission link may generate excessive intermodulation
products and cause the remote unit to no 1longer meet FCC
requirements for spurious radiation. The potential also exists for
causing interference to other radio systems using radio channels
adjacent to those utilized by the micro-cellular system employing
the antenna remoting system. To address this problem, many of the
remedies listed above would likely not offer a practical solution.

A technique which is employed in voice processing systems
(including those wused in cellular networks and satellite
transmission systems) is known as companding. This involves a
device located at the source end (a compressor) which compresses
the dynamic range of a given signal (of a typically low band width)
by a given factor before it is transmitted over a limited dynamic
range transmission path. At the distant end, a device known as an
expander restores the original dynamic range of the complex signal,
utilizing the same factor as utilized in the compression process.
Ssuch a device is of limited value for most micro-cell antenna
remoting applications since it would need to have an extremely wide
loop band width (likely about 50 MHz for this application) in order
to instantaneously compress and then expand the dynamic range.
Further, it is noted that the compressor and expander devices of a
companding system both utilize non-linear feedback loops
(potentially exhibiting transient response errors and instability)
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to vary the gain as a function of the instantaneous input or output
level, potentially causing undesirable distortion effects due to
residual expansion or compression.

The technical literature apparently does not address means
typically provided for alarm reporting, self-test, and remote
control functions, for fiber optic cable or free-space optical
antenna remoting systems. Such systems may employ separate means
such as on-site troubleshooting or perhaps
direct wired or dial-up alarm reporting facilities. One system
described in the literature utilizes a fiber optic cable system to
distribute both microwave signals and digital base band signals
which are both directly intensity modulated. See HEIM, P.J. and
McCILAY, C.P., "Frequency Division Multiplex Microwave and Baseband
Digital optical Fiber Link for Phased Array Antennas," IEEE

Transactions on Microwave Theory and Techniques, Vol. 38, No. 5,
May 1990, pages 494-500.
One disadvantage of utilizing digital modulation is the

inherent phase noise build-up on all microwave signals resulting
from the dual-mode (RF and Digital) direct modulation process. As
a result, some types of antenna remoting system applications would
not permit the use of direct baseband digital modulation for
control and alarm reporting functions. ’

Due to the limited effective dynamic range of existing remote
micro-cell antenna units or radio ports, a relatively large
quantity of remote radio ports would be required using such
existing systems for micro-cell applications in a given
geographical area. Thus, a significant amount of hardware and
maintenance costs for additional remote radio ports would result if
existing systems were used.

The high dynamic range required for a micro-cell radio port
has recently been discussed in detail. A radio port with a high
dynamic range will potentially provide a greater practical
operating disfance for many micro-cell applications, so as to
potentially reduce the number of radio ports required to cover a
given geographical area or indoor facility. If radio ports with
low dynamic range are employed, the number of radio ports required
to cover a given area would be higher, likely increasing the system

cost.
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In contrast to the above described existing systems, the
dynamic range enhancing system, and the process for increasing the
dynamic range of a transmission link, according to the present
invention, overcome most if not all of the above-mentioned problems
and result in a dynamic range enhancing system which provides a
number of advantages.

OBJECTS OF THE INVENTION

Accordingly, an object of the present invention is to provide
a system which enhances or increases the overall dynamic input
signal range for spurious-free operation of signal transmission
systems. In accordance with a particular aspect of the present
invention, the overall dynamic range of a link is enhanced while
preserving the overall fixed gain characteristic of the link.
Thus, stability of automatic transmitter power control systems
which control the levels of some signals processed by the link may
be ensured. Further, the system preserves integrity of AM
modulation which may be intentionally present on some signals.
Moreover, the enhanced dynamic range characteristic of the present
invention reduces the chance of dropped calls for portable terminal
users of micro-cellular telephone systems, by preventing undesired
intermodulation products from falling within the desired radio
channel.

Another object of the present invention is to provide cost-
effective alarm reporting, self-testing, and control for a
remotely-located antenna unit, by allowing transmission of such
supervisory and maintenance signals over the transmission 1link.
Another object of the present invention is to provide a dynamic
range enhancing system, and a process for increasing the dynanmic
range of a transmission link having electro-optic components,
wherein the system and process reduce the chance of damaging a
laser or light-emitting diode due to high input signals.

A further object of the present invention is to eliminate the
need for employment of feedback, feedforward, or pre-distortion
linearization techniques in trying to increase the dynamic range of
a transmission system. Further, another object of the invention is
to eliminate the need for utilization of amplifiers with linear and
non-linear feedback elements, and therefore provide a system which
is capable of handling a wider range of input signals than a
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typical AGC amplifier or companding system, without exhibiting

undesirable instability or excessive distortion.

Another object of the present invention is to provide a system
and process which allow a control signal to travel over the
transmission 1link without the use of direct digital base band
modulation. Thus, phase noise characteristics of RF signals
transmitted over the link are not degraded.

Another object of the present invention is to provide a
dynamic range enhancing system, wherein the transient response of
a transmission system may easily be optimized for a wide range of
applications through the use of optional fixed time delays.
Moreover, it is an object of the present invention to enhance the
overall dynamic range of a transmission system without the need for
a wideband feedback loop, which is typically required with
companders. Thus, a particular object of the present invention is
to provide a dynamic range enhancing system which ensures an
adequate loop stability over a wide range of input signal types
likely to be encountered in actual operating systems. For optical
link applications, by achieving this object, the present invention
allows for the use of lower cost lasers or light-emitting diodes
with less stringent linearity output and noise characteristics.
Thus, the system of the present invention reduces overall cost
while achieving the noted objectives.

Further, an object of the present invention is to reduce cost
by eliminating the need for advanced antennas with fixed or
steerable nulls to attenuate potentially high-level input signals,
thus allowing for flexibility in selecting 1locations for
installation of micro-cell antenna units.

A further object of the present invention is to enhance the
dynamic range of transmission systems pertaining to a broad class
of RF signals. Such transmission systems may include fiber optic
cable or free-space optical systems with star or similar
architectures; whereby a number of RF-FDMA, CDMA, or TDMA signals
from several users (with varying and perhaps unequal RF levels) are
passively or actively combined at a single point.

A further object of the present invention is to allow
transmission of optically-encoded associated attenuator control
signals along with a processed RF transmit signal, to thus allow
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utilization of more than one optical receiver physical location,
providing point-to-multipoint distribution.

A further object of the present invention is to provide a
system for increasing the dynamic range of a micro-cell radio port
interconnection and signal distribution system, which would thus
decrease the required quantity of remote radio ports which would be
required to serve a given geographical area. Thus, by achieving
this object, a substantial cost reduction in hardware, radio port
deployment, and radio port maintenance can be achieved via use of
the present system.

Another object of the present invention is to provide a system
and process which are applicable for use with RF transmission
systems, and particularly for use with transmission links for
transmitting RF electro-magnetic signals from point A to point B.
In this regard, a particular objective of the present invention is
to increase the useable input signal level range of transmission
links, which may be defined as devices or systems for transmitting
from a first location to a second location displaced from the first
location. 1In one particular aspect of the present invention, the
useable input signal 1level range of a transmission 1link is
increased by decreasing intermodulation effects of one or more
components of the transmission link.

Such transmission links can include, e.g., typical RF
transmission links, fiber optic cable links, free-space optical
links, radio wave transmission links, and any combination of the
above elements. The invention may also be utilized for purposes
other than physically extending communications capabilities, such
as for physically short transmission links intended primarily for
another purpose, such as Fiber Optic Delay Lines (coiled up,
occupying a few cubic feet). The control signal could be directly
wired from one end of the delay line to the other end, eliminating
the modulator and demodulator for applications where it is more
practical to'do so. Other applications of the present invention
are tandem fiber optic cable and free-space optical 1links,
potentially using optical repeaters.

SUMMARY OF THE INVENTION
Accordingly, one aspect of the present invention is directed

to a dynamic range enhancing system for increasing the dynamic
range of a transmission link. Typical applications include those
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where the quantity and level of individual signals which comprise
a composite input signal are random and change over time. The
system is provided with a control device which detects, at an
initial position along the transmission 1link, the level of a
transmit signal adapted to be transmitted over the transmission
link. The control device also controls a first signal level
changing device and a second signal level changing device in
response to the detected or measured level. The first signal level
changing device is configured so that it processes the transmit
signal before transmission over the link, and the second signal
level changing device is configured so that it processes the
transmit signal after transmission over the link.

In accordance with one aspect of the dynamic range enhancing
system of the invention, the first and second signal 1level
changing devices and the control device are configured to change
the level of the transmit signal in a coordinated fashion.

In another aspect of the present invention, the first and
second signal level changing devices each change the level of the
transmit signal present at its output. In yet another aspect the
first and second signal level changing devices each have defined
signal level changing ranges, whereby they can change the signal
ljevel of the transmit signal present at their respective outputs by
an amount up to and including a maximum change in value. 1In yet
another aspect, the control device controls the first signal level
changing device and the second signal level changing device to
both be at ends of their defined signal level changing ranges, when
the detected level of the transmit signal is below a first
threshold.

In another aspect of the present invention, when the detected
level of the transmit signal is below the first threshold, the
first signal level changing device is set at the most increased end
of its defined signal level changing range, whereby the signal
level present.at its output is at a maximum possible value, and the
second signal level changing device is set at the most decreased
end of its defined signal level changing range, whereby the signal
level present at its output is at a minimum possible value.

In yet another aspect of the present invention, the control
device controls the first signal level changing device to decrease

the level of the transmit signal present at its output by an amount
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approximately equal to the amount by which the detected 1level
exceeds a first threshold value, when the detected level is above
the first threshold value. The control device may also
concurrently control the second signal level changing device to
increase the level of the transmit signal present at its output by
an amount approximately equal to the amount by which the detected
level exceeds the first threshold value, when the detected level is
above the first threshold value.

In a further aspect of the present invention, the control
device controls the second signal level changing device to be at
the most increased end of its defined signal level changing range,
whereby the signal level present at its output is at its maximum
possible value, when the detected level of the transmit signal is
above a second threshold which is greater than the first threshold.

In another aspect, the control device is configured to produce
first and second control signals to respectively control the first
and second level changing devices, and the control device may also
be configured to transmit information containing the second control
signal over the transmission link.

In another aspect of the present invention a modulator
modulates the second control signal, and a demodulator demodulates
the modulated version of the second control signal.

In a particular aspect, the demodulator comprises a bias
control unit for performing an operation on the demodulated version
of the second control signal and based on the operation, outputting
a signal which is proportional to the detected 1level of the
transmit signal.

In this regard, the system may further comprise a power
amplifier, having a bias control port, connected to an output of
the second signal level changing device, and the bias control unit
may be connected at its output to the bias control port of the
power amplifier.

In another aspect, the demodulator may have a bias control
unit for determining if the demodulated version of the second
control signal is below or above a predetermined threshold value.
In this regard, the bias control unit may output a signal having a
first value when the demodulated version of the second control
signal is below the predetermined threshold value and having a
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second value when the demodulated version of the second control
signal is above the predetermined threshold value.

The system may further comprise a power amplifier, having a
bias control port, connected to an output of the second signal
level changing device, and the bias control unit may be connected
at its output to the bias control port.

In one aspect of the dynamic range enhancing system of the
present invention, the transmit signal is an RF signal comprising
a variable number of input signals.

In yet an additional aspect of the dynamic range enhancing
system of the present invention, one end of the transmission link
is coupled to one or more of radio channel transceivers and
receivers and a second end of the transmission link is coupled to
a remote antenna. In another aspect, the dynamic range comprises
a usable RF input signal range of the transmission link.

In an additional aspect of the dynamic range enhancing system,
the control device comprises a device for measuring the
instantaneous composite power level of the transmit signal before
transmission over the transmission link. In this regard, in
another aspect, the measuring device may measure the total average
(RMS) RF signal level of the transmit signal before transmission
over the transmission link. Also, the measuring device may be
confiqgured to further characterize the spectrum of the transmit
signal by measuring the AC characteristics of the transmit signal
before transmission over the transmission link.

In an additional aspect of the dynamic range enhancing system
of the invention the control means comprises a device for
monitoring the power level of the transmit signal before pre-
transmission processing by the first level changing device.

In yet an additional aspect of the dynamic range enhancing
system, the first level changing device is positioned at an input
location of the transmission link, and the second level changing
device is positioned at a second output location of the
transmission link.

Tn another aspect of the dynamic range enhancing system, the
transmission link is configured to transmit a signal from a first
jocation to a second location remote from the first location.

In one aspect of the invention, the control device is
connected directly to the first and second signal level changing
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devices. On the other hand, in another aspect, the control device
is connected directly to only the first signal level changing
device, while it is connected to the second one via the
transmission link.

The first signal level changing device may comprise a first
variable attenuator, and the second signal level changing device
may comprise a second variable attenuator. On the other hand, one
or both of the first and second signal level changing devices may
comprise a gain controlled amplifier. Moreover, one or both of the
first and second signal level changing devices may comprise both a
variable attenuator and a gain controlled amplifier.

In one particular aspect of the dynamic range enhancing system
of the present invention, the transmission link comprises an
optical link. Additionally, one or more time delay circuits may be
provided to compensate for time delays caused by the control
device, and a service channel transmission system may be provided
for conducting maintenance communication and/or supervisory alarm
and control across the transmission 1link. In yet a further
aspect, the control device comprises a system, including a variable
attenuator, for remotely verifying proper operation of the system
and determining the dynamic range of the system.

In accordance with yet another aspect of the dynamic range
enhancing system of the present invention, there is also provided
a tandem combination of at least one amplifier and at least one
attenuator coupled to a first input location of the transmission
link, wherein the tandem combination comprises the first signal
level changing device. The tandem combination may comprise a first
pre-amplifier, a first attenuator, a second pre-amplifier, and a
second attenuator, connected in cascade, and the control device may
comprise a directional coupler, a monitor device, a DC processor,
an AC processor, a combining device for processing and combining
signals output by the DC processor and the AC processor, and an
attenuator control device for controlling attenuation values of at
least one of the attenuators in the system. The directional
coupler is connected to an output of the first preamplifier, and is
adapted to feed an amplified sample of the transmit signal to the
monitor device, and the monitor device is adapted to receive the
amplified sample and provides a rectified version of the transmit
signal in the form of a video signal having a bandwidth typically
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greater than 1 MHzZ, and a spectrum position corresponding to a

direct-current carrier. In addition, the DC processor is

configured to provide a DC measurement signal of the video signal,
wherein the DC measurement signal is proportional to the
instantaneous composite RF level at the output of the first
preamplifier, and the AC processor is configured to provide an AC
measurement signal based on an AC analysis of the video signal,
wherein the AC measurement signal is indicative of the
instantaneous second-order intermodulation products at the output
of the monitor device which provides the video signal (generated
during the nonlinear rectification process).

The means by which the second control signal is transmitted
over the transmission link may comprise an FM/FSK, PM/PSK, or
AM/ASK control signal modulator, and the control device may also
comprise a time division multiplexed (TDM) or frequency division
multiplexed (FDM) control interface.

The system may further comprise a downward frequency converter
for converting the transmit signal to a lower frequency before
transmission over the link, and may also comprise an upward
frequency converter for converting the transmit signal to a higher
frequency after transmission over the link.

In another aspect of the dynamic range enhancing system, the
transmit signal is transmitted over the transmission link from a
side of the transmitted link which is connected to a remote
antenna, or alternatively to a side connected to a remote antenna.

The downward frequency converter may be configured to act on
the transmit signal before processing by the first signal level
changing device. Similarly, the upward frequency converter may be
configured to act on the transmit signal after processing by the
second signal level changing device.

Tn accordance with another aspect of the dynamic range
enhancing system of the present invention, the control device
comprises a plurality of controllers, the first signal level
changing device comprises a first set of signal level modifiers,
and the second signal level changing device comprises a second set
of signal level modifiers. Each of the controllers and each
modifier of the first and second sets are adapted to separately and
independently provide dynamic range enhancement for respective

separate frequency bands of the transmit signal.
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In a particular aspect of the present invention, the first and
second sets of signal level modifiers are identical in number. In
addition, the system may comprise a respective filter for each of
the separate frequency bands of the transmit signal, a combining
network connected to the input of the transmission 1link, and a
splitting network connected to the output of the transmission link.

Another aspect of the present invention is directed to a
process for increasing the dynamic range of a transmission link
wherein a number of steps are carried out. The level of an actual
transmit signal adapted to be transmitted over the transmission
link is detected, and a table of values is created having a
plurality of signal codes representing the detected level of the
transmit signal. The table also has a plurality of signal level
modification codes, respectively corresponding to the signal level
codes. A set of control instructions is defined setting forth
certain parameters, wherein the instructions are established as a
function of the detected level of the transmit signal. In a
particular aspect of the process, in accordance with the detected
level of the actual transmit signal and within the parameters set
forth by the instructions, the transmit signal is modified at first
and second locations along the transmission link.

In another aspect of the process of the present invention, the
amount of high level input signals that are in the transmit signal
is approximated. It is also determined whether the approximated
amount of signals is within a first range of values or a second
range. The transmit signal is modified at first and second
locations along the transmission 1link according to a first
configuration when the approximated number of high level signals is
within the first range. On the other hand, the actual transmit
signal is modified at first and second locations along the
transmission link according to a second configuration when the
approximated number of high level signals is within the second
range.

In a particular aspect of the process of the present
invention, the first location is at an input of the transmission
link and the second location is at an output of the transmission
link.

Another aspect of the present invention is directed to a
process for increasing the dynamic range of a transmission 1link,
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wherein a number of steps are carried out. The level of a transmit
signal, which is adapted to be transmitted over the transmission
1ink, is detected at an initial position along said transmission
1ink. Based upon the detected level, the level of the transmit
signal is independently controlled at a first location before the
transmission link and at a second location after the transmission
link.

In another aspect, a pre-transmission processing of the
transmit signal is carried out at the first location, and a post-
transmission processing of the transmit signal is carried out at
the second 1location. In yet another aspect, information is
transmitted over the transmission link to control the level of the
transmit signal at the second location.

In another aspect of the process, the level of the transmit
signal at the first location is decreased by an amount
approximately equal to the amount by which the detected level
exceeds a threshold value, when the monitored level is above the
threshold value. Additionally, the level of the transmit signal at
the second location may be concurrently increased by an amount
approximately equal to the amount by which the monitored level
exceeds the threshold value, when the detected level is above the

threshold value.
IEF DESCRIPTION OF THE DRAWINGS

BR
The above and other objects, features, and advantages of the
present invention are further described in the detailed description
which follows, with reference to the drawings by way of non-
limiting examples of preferred embodiments of the present
invention, wherein like reference numerals represent similar parts
of the present invention throughout the several views, and wherein:

Fig. 1 is a block diagram of a GTE antenna remoting system;

Fig. 2 depicts a simplified block diagram of a first
embodiment of a dynamic range enhancing system of the present
invention, which can be, e.g., specifically applied to an optical

transmission link:
' Fig. 3 is a block diagram illustrating a second embodiment of
the dynamic range enhancing system of the present invention,
wherein the first and second signal level changing means comprise

programmable gain controlled amplifiers;
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Fig. 4 is a block diagram illustrating a third embodiment of
the present invention, wherein a control signal for effecting
control of the second signal level changing means is transmitted
over the optical link;

Fig. 5 is a block diagram illustrating a fourth embodiment of
the present invention, wherein time delay circuits are utilized to
compensate for system delays:;

- Fig. 6 is a block diagram illustrating a fifth embodiment of
the dynamic range enhancing system of the present invention, which
system includes a specifically defined control device;

Fig. 6a is a block diagram illustrating a multi-channel
spectral analyzer used in conjunction with a particular aspect of
the fifth embodiment of the present invention;

Fig. 7 is a block diagram illustrating a sixth embodiment of
the dynamic range enhancing system of the present invention,
including a service channel for maintenance purposes, a self-test
variable attenuator, a control signal modulator, and a control
interface;

Fig. 8 is a block diagram illustrating a seventh embodiment of
the dynamic range enhancing system of the present invention
configured to enhance the dynamic range of a remote transmit link
in the direction of transmission toward a remote antenna;

Fig. 9 is a block diagram illustrating an eighth embodiment of
the dynamic range enhancing system of the present invention
configured so that each frequency band of an input transmit signal
is processed by a separate and independently-acting dynamic range
enhancer subsystem;

Fig. 10 is a block diagram illustrating the pre-transmission
processor of the dynamic range enhancing system of the enhancing
system of Fig. 9;

Fig. 11 is a block diagram illustrating the post-transmission
processor of the embodiment of Fig. 9;

Fig. 12 is a block diagram illustrating a ninth embodiment of
the dynamic range enhancing system of the present invention,
wherein a downward frequency converter is employed at the pre-
transmission remote antenna side of the transmission 1link to
convert the RF transmit signal to a lower frequency before
transmission over the transmission 1link, and an optional up-
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converter is employed at the distant post-transmission side of the

transmission link;

Fig. 13 is a block diagram illustrating a tenth embodiment of
the dynamic range enhancing system of the present invention,
wherein a microprocessor and memory look-up table are provided;

Fig. 14 is a block diagram of a particular version of the
system shown in Fig. 6;

Fig. 15 is a block diagram illustrating one predicted
operation of the system depicted in Fig. 14, for two input signals
of -48.5 dBm each;

Fig. 16 is a block diagram illustrating a predicted operation
of the system depicted in Fig. 14, with two input signals of -35

dBm each; and
Fig. 17 is a block diagram illustrating the predicted

operation of the system illustrated in Fig. 14, with two input

signals of =31 dBm each.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
One embodiment of the dynamic range enhancing system of the
present invention is illustrated by way of a simplified block
diagram in Fig. 2. Transmission link 22 is illustrated (in this

embodiment) as a well known conventional optical 1link, which
includes a laser diode modulator or light emitting diode (LED)
modulator, a laser diode or LED, an optical link, and a photo
detector (not individually illustrated). Transmission link 22 is
connected to a first preamplifier 24 at input 26 and to a second
preamplifier 28 at output 30. First signal level changing device
32 is positioned between output 40 of preamplifier 24 and input 26
of transmission link 22, and second signal level changing device 34
is connected to the output of second preamplifier 28. Thus, first
preamplifier 24, first signal changing device 32, transmission link
22, second preamplifier 28, and second signal level changing device
34 are respectively connected in cascade. Input 36 of first
preamplifier 24 comprises the total system input, and output 38 of
second signal level changing device 34 comprises the total system
output.

Control device 42 is provided with an input 43a which is
connected to output 40 of first preamplifier 24. First output 43b
of control device 42 is coupled to control input terminal 33 of
first signal 1level changing device (e.g., attenuator) 32, and
second output 43c is coupled to control input terminal 35 of second
signal level changing device (e.g., attenuator) 34.

The operation of the present invention may be described as
follows with reference to Fig. 2. An RF transmit signal is adapted
to be processed by the system and transmitted over transmission
link 22 via system input 36. The transmit signal is amplified by
first preamplifier 24, and is in turn split in two ways. A sample
of the transmit signal is fed to control device 42, while a
significant portion of the transmit signal is routed to first
signal level changing device 32, which is shown in this embodiment
to be a variable programmable attenuator. Control device 42
measures the instantaneous composite power present at output 40 of
first preamplifier 24, and based on the power level measured,
generates two control signals for respectively setting attenuation
levels of first and second signal level changing devices 32, 34.
If the power level at output 40 of first preamplifier 24 is below
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a predetermined threshold (as determined by control device 42),
then control device 42 sets the attenuation level of the first
attenuator of first signal level changing device 32 to a given low
value and sets the attenuation level of the second attenuator of
second signal level changing device 34 to a given high value.

on the other hand, if the power level detected by control
device 42 is above a predetermined threshold, then control device
42 sets the attenuation levels of the first and second attenuators
of first and second signal level changing devices 32, 34 in an
opposite manner. That is, the attenuation level of the first
attenuator is set to a given high value, and the attenuation level
of the second attenuator is set to a given low value. According to
this particular embodiment, the attenuation levels of the first and
second attenuators of first and second signal level changing
devices 32, 34 are set such that the overall system gain from input
36 to output 38 remains constant, regardless of the power level
detected by control device 42.

In this particular embodiment, as shown in Fig. 2,
transmission 1link 22 comprises a laser or light-emitting diode
modulator, an optical 1link, and a photo detector (not shown).
Thus, in this embodiment, the transmit signal present at input 26
of transmission link 22 is routed to a laser or light-emitting
diode modulator and is converted to an optical signal which is
transmitted over the optical link. The transmit signal is in turn
converted back to an RF transmit signal by a photodetector. The RF
transmit signal is then amplified by second preamplifier 28, whose
output is in turn routed to the input of second signal level
changing device 34. The RF transmit signal of the system is in
turn taken from system output 38 at the output of second signal
level changing device 34.

If the system input signal present at system input 36 is at a
power level below a first threshold and subsequently increases in
power by only a slight amount whereby the power level remains below
the first threshold, the settings of attenuation for first and
second signal level changing devices 32 and 34 remain at their
respective given low value of attenuation for the first signal
level changing device and given high value of attenuation for the

second level changing device.
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If the input power of the input transmit signal as detected by
control device 42 slowly but continually rises (due to a continual
increase in system RF input power) to a value above the first
threshold, control device 42 will adjust the attenuation level of
first attenuator 32 to a higher attenuation value. The higher
attenuation value is set in order to ensure that the maximum value
of power selected to be present at input 26 of transmission link 22
is not exceeded. For every one dB increase of system RF input
power above the first threshold, the setting of first attenuator 32
increases its attenuation by one dB. Concurrently, control device
42 generates a control signal to set second attenuator 34 to a
lower level of attenuation than set previously, by an amount equal
to the amount that the setting of the first attenuator 32 is being
changed. Similarly, for every one dB increase of system RF input
power, the setting of second attenuator 34 decreases its
attenuation by one dB. As first signal level changing device
(first attenuator) 32 and second signal level changing device
(second attenuator) 34 respond simultaneously by changing their
respective attenuation levels equally in opposite directions, the
net system gain from system input 36 to system output 38 remains
constant. As the system input power level rises, the RF signal
power present at transmission 1link input 26 remains nearly
constant.

Control device 42 effectively measures the system input power
present at output 40 of the first preamplifier 24, and determines
if the power is above a predetermined threshold. If the power is
above a threshold, control device 42 calculates how far the power
is gbove the threshold. 1If, for example, the power is 5 dB above
the threshold, the power control device increases the attenuation
setting of first attenuator 32 by 5 dB above its given zero input
power setting and simultaneously decreases the attenuation setting
of second attenuator 34 by 5 dB below its given zero input power
setting.

It is noted that extreme accuracy for the power detecting
function of control device 42 is not required for most
applications. In addition, for many applications, the attenuation
levels of first and second signal level changing devices 32, 34
need not be extremely precise. For a micro-cell and antenna

remoting application, measurement of the power level present at
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output 40 of first preamplifier 24 should be adequate information
upon which to base control of first and second signal level control
devices 32 and 34. Further, an accuracy of 0.5 dB for the
attenuation setting of the first and second attenuators should be
adequate for such an application.

If the power level of the system RF input signal continually
rises past a point, i.e., a second threshold, where second
attenuator 34 has already been set to its minimum attenuation,
control device 42 may optionally be programmed to set second
attenuator 34 at its minimum attenuation value, but at the same
time continue increasing the attenuation level of first attenuator
32 by 1 dB for each one 1 dB increase of system RF input power
level. Assuming a continual power level increase, from the point
(the second threshold of input power) at which second attenuator 34
reaches its lowest attenuation setting such that both attenuator
settings can no longer change concurrently or simultaneously and
equally in both directions, to a third threshold of input power,
the overall system gain begins to decrease steadily as the system
RF input signal level continues to increase until eventually first
attenuator 32 reaches its maximum attenuation setting.

While the system is in this mode, where only first attenuator
32 is being adjusted to compensate for an increase in input power
level, the system intermodulation ratio (that is, the ratio of
high-level signal to third-order intermodulation products) present
at system output 38 nonetheless remains constant or nearly
constant as the system input power level detected at preamplifier
output 40 changes. This is because the system intermodulation
performance is determined primarily by the non-linear
cha}acteristics of transmission link 22 (which in this case are
caused by a light-emitting or laser diode of an optical
transmission link 22), and further because the RF transmit signal
power level is maintained at an almost constant level at input 26
to transmissibn link 22.

However, in this single (i.e., only first attenuator
adjustment) mode of the dynamic range enhancing system, the system
noise figure actually degrades as the system input power rises.
This is nonetheless not detrimental to system performance, since
the noise figure degrades at an almost linear dB-for-dB rate of

increase in noise figure versus increase in input power level.
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Thus, the output signal-to-random-noise ratio (S/N) remains almost
constant with changing input power level.

For many applications, the constant intermodulation ratio and
acceptable S/N ratio characteristics of the dynamic range enhancing
system of the present invention result in a significant improvement
in reducing system-generated distortion products potentially
resulting in interference with desired signals, as compared with
conventional fixed-gain preamplifier systems.

. At high input power levels, for every one dB increase in
system input level, a fixed-gain amplifier approach typically
provides a 2 dB degradation in intermodulation noise ratio and a 1
dB increase in output random noise (S/N) ratio. For the fixed-gain
approach, this gives a net degradation of the signal-to~-
interference (internally generated) ratio of about 1 dB for every
1 dB increase in the system input power.

on the other hand, the system of the present invention as
described in Fig. 2 provides a nearly constant intermodulation
noise ratio for system input power levels above a predetermined
input threshold. Further, it provides a relatively slight increase
in random noise (S/N) ratio for every one dB increase in system
input power. This comparison explains the mechanism for enhancing
the overall dynamic range of transmission which is provided by the
present system, by allowing signals at powers above a predetermined
input threshold to be transmitted over the link without significant
degradation caused by system generated noise.

When low to normal level input signals are present (and the
input power level is between zero and a first threshold value), the
dynamic range enhancing system of the present invention operates
similarly to a system employing a fixed-gain preamplifier. When
extremely high-level input signals are present and the input power
level is between second and third threshold values (that is, when
attenuator 34 has already reached the minimum attenuation end of
its range, ahd yet the attenuation of attenuator 32 is still
increasing), the invention provides a function similar to that of
a feedforward AGC (Automatic Gain Controlled) amplifier. _

Because of the use of high dynamic range programmable
attenuators rather than voltage-controlled gain amplifiers, and
because of the feedforward approach of the present invention, this
configuration, unlike most AGC amplifiers, provides extremely low
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AM/PM (Amplitude Modulation/Phase Modulation) conversion and has
the potential for delivering exceptional transient response. This
enables a system employing the invention described herein to
process a wide range of modulation formats (separately or
simultaneously) without introducing significant distortion.

For purposes of further clarification, the specific operation
of the signal level changing devices of the present invention will
now be described in more detail. The four operating regions
discussed below refer to ranges of specific signal input levels
with respect to the three thresholds which are utilized to
determine operation and proper settings of the two signal level
changing devices.

Region 1:

Input Level: From zero input signal up to first threshold value.

Status: Neither first nor second signal level changing
devices in active range.

Settings: First level changing device set to minimum loss, and
second signal level changing device set to maximum
loss.

overall Gain: Constant as a function of input signal level.

Region 2:

Input Level: From first threshold value up to second threshold
value.

Status: Both of signal level changing devices in active
range.

Settings: First level changing device set to decrease the

level of the transmit signal at input 26 of the
transmission link 22 by an amount approximately
equal to amount by which input signal is above the
first threshold, and second signal level changing
device 34 is set to increase the level of the
transmit 1level at system output 38 by amount
approx1mately equal to the amount by which the input
signal is above the first threshold. The control
device 42 controls the signal level changing devices
so that the respective changes in level of the
transmit signal are equal in value but opposite in
direction.

overall Gain: Constant as a function of input signal level.
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Region 3:
Input level: From second threshold value up to third threshold
value.
Status: First level changing device in active range, but

second level changing device not in active range.

Settings: First level changing device set to decrease the
level of the transmit signal at input 26 of
transmission link 22 by an amount approximately
equal to the amount by which the input signal is
above the first threshold, and the second signal
level changing device is set at its minimum loss.

Overall Gain: Reduced as the level of the input signal increases.

Region 4:
Input Level: Above third threshold.

Status: Neither first nor second signal 1level changing
devices in active range.

Settings: First level changing device set at its maximum loss,
and second signal level changing device set at its
minimum loss.

Ooverall Gain: Lowest possible overall gain, constant as a function
of input signal level.

A second embodiment of a dynamic range enhancing system of the
present invention will now be described with reference to Fig. 3.

In the second embodiment depicted in Fig. 3, elements similar
to those of the embodiment of Fig. 2 are presented by the same
reference numerals. Transmission link 22 has a preamplifier 24’
and first signal level changing device 32’, both connected in
cascade to input 26, and also has second signal level changing
device 34’ connected at its output 30. Instead of two fixed-gain
preamplifiers 24 and 28, as included in the first embodiment shown
in Fig 2, in this embodiment only one preamplifier 24’ is used,
which is provided at the input of the system. Another difference
from the first embodiment is that first signal level changing
device 32’ comprises a first programmable gain control amplifier
and second signal level changing device 34’ comprises a second
programmable gain control amplifier. Control device 42 is again
provided in this embodiment, with output 40’ of amplifier 24’
connected to input 43a of control device 42. Further, similarly to
the previous embodiment, first output 43b of control device 42 is
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connected to programming control input 33’ of first programmable
gain control amplifier 32’. control signal modulator 44 is
connected at its input to second output 43c of control device 42,
and is connected at its output to input 26’ of transmission link
22. Corresponding control signal demodulator 46 is placed between
output 30 of transmission link 22 and programmable input 35’ of
second programmable gain control amplifier 34’.

This embodiment is configured to transmit a feedforward
control signal over transmission link 22 to control second signal
level changing device 34/, whereas in Fig. 2 the control signal was
transmitted directly to device 34. The control signals emitted by
control device 42 at first and second outputs 43b and 43c may
comprise either analog or digital signals, depending upon the
configuration and type of gain control amplifiers used for first
and second signal level changing devices 32/ and 34’. A second of
the two control signals produced by control device 42, which is
intended to control second gain control amplifier 347, enters
control signal modulator 44, which in turn produces an RF carrier
modulated by the second control signal. The modulation type may be
FM (Frequency Modulation), FSK (Frequency Shift Keying), PM (Phase
Modulation), PSK (Phase-shift Keying), AM (Amplitude Modulation),
ASK (Amplitude Shift Keying), or a combination of these, as may be
implemented by one of ordinary skill in the art and as the
particular application may dictate. This resulting modulated RF
second control signal is then coupled along with the processed RF
transmit input signal (i.e., the signal which is already pre-
transmission processed by first gain control amplifier 32’) into
transmission link 22 at the input of a light-emitting or laser
diode modulator (whichever is used as part of link 22; neither is
shown, however). The frequency of the RF carrier generated by
control signal modulator 44 1is typically selected to avoid
interfering with any of the desired system input signals present in
the RF transmit signal.

The combined signal, comprised of the system input RF transmit
signal processed by first signal level changing device 32’ and the
modulated second control signal, is then converted to an optical
intensity-modulated signal and subsequently transmitted over
transmission link 22, which may be an optical fiber cable link or
a free-space optical link, or any other transmission link within
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the general applicable scope of the present invention (i.e., any
transmission link which needs a system for increasing its dynamic
range by decreasing intermodulation distortion effects caused at
some point in the transmission link).

Both signals are located at output 30 of transmission link 22,
and are simultaneously converted back to low-level RF signals by,
e.g., a photo detector (in the case of an optical link). A sample
of the signal at output 30 of transmission link 22 is fed into
control signal demodulator 46, wherein an internal filter selects
only the desired control signal, which is thus demodulated.

In the event that a second preamplifier was provided between
transmission link 22 and gain control amplifier 34’,the control
signal pick-up point for inputting to control signal demodulator 46
could be located at either the input of the second preamplifier or
at the output of the second preamplifier. However, if the pick-up
is located at the output of the second preamplifier, the signal
must be within the effective RF band width of the second
preamplifier. Typically, the level of the transmitted control
signal is quite low with respect to most desired system input
signals, since the RF control signal is not subjected to multipath
impairments and typically can be properly demodulated even if it
has a low input signal-to-noise ratio (such as 30 dB for most
digital signal modulation formats). A low level control signal
ensures low intermodulation distortion in the transmit signal,
which may be caused by the control signal itself.

After demodulation of the control signal, if necessary,
control signal demodulator 46 further processeé the analog or
digital control signal to be in correct format to be able to alter
the setting of gain control amplifier 34’.

A third embodiment of the dynamic range enhancing system of
the present invention, as shown in Fig. 4, similarly includes a
control signal modulator 44 and control signal demodulator 46, and
operates in sﬁbstantially the same way as described above with
respect to the second embodiment depicted in Fig. 3. The basic
difference between these embodiments is that, in the third
embodiment, first and second signal level changing devices 32, 34
are variable programmable attenuators, as in the first embodiment,
and a second preamplifier 28 is also provided, as in the first

embodiment.
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The use of programmable gain control amplifiers for the first
and second signal level changing devices, can be advantageous
insofar as the functions of a preamplifier and variable attenuator
may be combined into one active element. Programmable RF gain
control amplifiers contain one or more gain control elements, such
as amplifier stages with various variable control active devices.
An example of one such gain control element is a dual-gate FET.

The basic operation of the embodiment of Fig. 3 is similar to
that of the Figs. 2 and 4 embodiments. As control device 42
detects the instantaneous composite power at the output of
preamplifier 24’, control device 42 generates two control signals
which are intended to set the gain levels of gain control
amplifiers 32/ and 34’. If the initial output of preamplifier 24’
is extremely 1low, and is below a preset first input power
threshold, control device 42 sets the gain of control gain
amplifier 32’ to a given high value and simultaneously sets the
gain of gain control amplifier 34’ to a given low value (typically
near the low end of its control range).

If the system RF input system power, as detected by control
device 42, increases only slightly, the gain settings of gain
control amplifiers 32’ and 34/ remain fixed at their present
existing gain values. But if the RF input power detected by
control device 42 were to (slowly) continuously rise (due to a
continual increase in system RF input power) above the
predetermined first threshold, control device 42 will adjust the
gain level of gain control amplifier 32’ to a lower gain value than
its previous setting, based on the maximum value of power which
should be present at input 26 of transmission link 22, which, in
this case, is the input of a laser or light-emitting diode
modulator of an optical link within transmission link 22.

For every one dB increase of system RF input power at system
input 36, the gain setting of gain control amplifier 32’ decreases
by one dB. Concurrently or almost simultaneously, control device
42 generates a control signal at output 43c to set gain control
amplifier 34’ to a higher level of gain than set previously, the
change in gain of gain control amplifier 34’ being the same as the
change set for gain control amplifier 32/. For every 1 dB increase
of system RF input power at system input 36, the gain setting of
gain control amplifier 34’ increases by 1 dB.
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As gain control amplifier 32’ and gain control amplifier 34’
simultaneously respond by changing their respective RF gain levels
equally, in opposite directions, the net system gain between system
input 36 and system output 38 remains constant. As the system
input power level at system input 36 rises, the RF system power at
input 26 of transmission link 22 remains nearly constant.

If the power at preamplifier output 40’, as detected by
control device 42, is above the first threshold, control device 42
calculates the amount by which the power detected at output 40’ of
preamplifier 24’ exceeds the predetermined threshold. If, for
example, the power detected is 5 dB above the threshold, control
device 42 decreases the gain setting of gain control amplifier 32’
by 5 dB below its given zero input power, and simultaneously or
concurrently increases the gain setting of gain control amplifier
34’ by 5 dB above its given zero input power setting.

In this embodiment, as is the case for the first embodiment,
extreme accuracy for the power detecting function of control device
42 is not required for most applications. Also, the settings of
the gain control amplifiers need not be extremely precise. For
some applications, a 2 dB accuracy for the detector and a 0.5 dB
accuracy for the programmable gain control amplifiers will be
adequate. ,

'If the system RF input power level at preamplified output 40’
continually rises past the point (i.e., a second threshold value)
where second gain control amplifier 34’ has already been set to its
maximum gain, control device 42 may optionally be programmed to set
gain control amplifier 34’ at the maximum gain end of its
adjustment range, and to continue to meanwhile decrease the gain of
gain control amplifier 32’ by 1 dB for each 1 dB increase of system
RF power level. In this mode, control device 42 continues to
compensate for increasing input power until gain control amplifier
32’ reaches its minimum gain setting, thereby resulting in both
gain control amplifiers 32’ and 34’ being set to constant
amplification levels. The point at which control amplifier 32’
reaches its minimum gain setting is when the system RF input power
level reaches a third threshold value.

Thus, it can be seen that, where the signal level changing
devices comprise gain control amplifiers 32’ and 34’ rather than
variable attenuators 32 and 34, the signal level changing devices
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are still controlled based upon first, second, and third threshold
values of the system RF input power level. When the input power
jevel is below a first threshold, both signal level changing
devices (32, 34/32', 34') are set to constant attenuation or gain
jevels. When the input power level is between the first threshold
and a second threshold, the first signal level changing device
(whether it is an attenuator or amplifier) is set to decrease the
relative power level of the transmit signal present at input 26 of
transmission link 22, and the second signal level changing device
(attenuator or amplifier) is set to decrease the signal level
present at system output 38. When the input power level is between
second and third thresholds, only the first signal level changing
device is active (i.e., changes its setting to compensate for a
change in input signal level). When the input power level is above
the third threshold, neither signal level changing device is active
(i.e., adjustable to affect the signal level).

For certain applications, the programmable gain control
amplifier of the second embodiment may require the use of
programmable gain amplifiers with: low AM/PM conversion; high
linearity at various gain settings; very stable RF gain versus
control voltage or control current characteristics, as a function
of time and temperature; and/or low noise figure at various gain
settings. Thus, selection of a particular amplifier will likely
depend upon the characteristics needed for a given application.

Compared to systems incorporating AGC amplifiers with
feedback, tandem fiber optic cable or free-space optical 1link
systems employing the second embodiment of the invention described
herein may be expected to not exhibit uncontrolled, undesired or
oscillatory behavior when the tandem system is driven by an input
transient. This phenomenon, regarding the behavior of tandem AGC
amplifiers with feedback, is described in Chisholm, E.W.,
wconsideration of Applications on the AGC/ASC amplifiers and CATV

systems," IEEE Transactions on Cable Television, Vol. CATV-1, No.

1, October 1976, pages 40-61.
A fourth embodiment of the dynamic range enhancing system of

the present invention is shown in Fig. 5. In the fourth
embodiment, elements similar to those of the system of Fig. 4 are

represented by the same reference numerals.
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Transmission 1link 22 has, connected at its input 26,
preamplifier 24, time delay circuit 48a, and first signal level
changing device 32, all respectively connected in cascade.
Transmission link 22 also has, connected at its output 30, second
preamplifier 28, time delay circuit 48b, and second signal level
changing device 34, all respectively connected in cascade.
Further, in a fashion similar to the system shown in Fig. 4, the
dynamic range enhancing system of the fourth embodiment also
comprises control device 42, control signal modulator 44, and
control signal demodulator 46. First output 43b of control device
42 is connected to programmable input 33 of first signal 1level
changing device (attenuator) 32. Control signal modulator 44 is
connected at its input to second output 43c of control device 42,
and is connected at its output to input 26’ of transmission link
22. Corresponding control signal demodulator 46 is placed between
output 30 of transmission link 22 and the programmable input 35 of
second attenuator 34.

A significant characteristic of the fourth embodiment, shown
in Fig. 5, is the provision of fixed time delay networks 48a and
48b which are respectively placed in series with first signal level
changing device 32 and second signal level changing device 34. For
applications requiring a demanding degree of transient response
and/or response speed, these fixed time delay networks serve to
compensate for time delays inherent in control device 42, control
signal modulator 44, and control signal demodulator 46. It is
noted that utilization of these time delay networks (which may
comprise conventional time delay circuits) is optional, and further
that either one or the other of the time delay networks 48a and 48b
may be utilized alone to achieve a beneficial result, depending on
the particular application and use of the system, and the desired
results of the same.

It is further noted that attenuators 32 and 34 are preferably
controlled by a digital input signal, and that the setting of a
given attenuator will remain fixed for an indefinite period until
altered by a newly administered digital command from control device
42. This feature may be applied to any of the embodiments of the
present invention to reduce the requirement for frequent updates of
attenuator settings, and dramatically reduce the necessary
information rate and bandwidth requirements for control signal
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modulator 44 and control signal demodulator 46, which may be
required for many applications.

The required bandwidths of control signal modulator 44 and
control signal demodulator 46 depend upon the maximum rates of
change for the attenuation value of second signal level changing
device 34 which may be required for a given application. For
example, if a digital control signal were utilized and a six bit
(per digital command) control signal were assumed (providing 64
discrete levels of attenuation, with almost 16 dB total range, and
0.25 dB attenuation steps), and the desired rate of change of the
attenuator is assumed to be 16 dB in 0.1 seconds, the feedforward
control system bandwidth would have to support 64 steps per 0.1
seconds or about 3,640 bits per second information rate, without
including any data overhead requirements.

In another aspect of the present invention, a setting process
provides control instructions to increase the dynamic range of a
transmission link. In one embodiment of the setting process, a
number of process steps are performed to define a number of
instructions to be carried out by control device 42 of the dynamic
range enhancing system of the present invention. In other words,
the set of instructions and/or steps to be carried out by control
device 42 of the dynamic range enhancing system (illustrated in
Fig. 2) are determined according to a process forming part of the
present invention.

This process may be carried out in a number of different forms
which are within the capabilities of those skllled in the art. For
example, control device 42 may be provided with a microprocessor
de51gned to perform the steps of the process in cooperation with a
memory which stores the process steps of the setting process and
also stores resulting instructions determined as a result of
implementation of the setting process. on the other hand, a
separate and independent processing apparatus having a
microprocessor and memory may be provided to generate setting
instructions to be carried out by control device 42. 1In this case,
the results (i.e., the instructions for control device 42)
determined by the separate processor may either be manually input
in the form of instructions, by use of an interface connected to
control device 42, or alternatively a system may be provided to
allow automatic communication between the separate processor and
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control device 42. The resulting instructions which allow setting
of control device 42 of the dynamic range enhancing system to
"jnstruct" the dynamic range enhancing system in such a way to
control first and second signal level changing devices 32, 34 to
provide the best possible dynamic range for a given application.
One particular embodiment of this process will now be described
with reference to Fig. 13.

Fig. 13 shows a block diagram illustrating a dynamic range
enhancing system, as in the first embodiment shown in Fig. 2,
together with a microprocessor 100 and memory 102 coupled to
control device 42 by means of an interface 104. It is noted that
interface 104 may be permanently installed to provide communication
with another microprocessor provided in control device 42; or, in
the alternative, a detachable input/output interface may be
provided so that a portable unit having a microprocessor and memory
capable of performing the setting process of the present invention
may be carried to a remote site at which control device 42 of the
dynamic range enhancing system is located. In such a case,
maintenance personnel may travel to any location in which control
device 42 is located, and may appropriately set the instructions of
control device 42 for controlling first and second signal level
changing devices 32, 34 to accommodate any change in the type of
input signals being received at the input of the systen.

In another alternative configuration of a system which may be
provided to carry out the steps of the setting process of the
present invention, control device 42 may, in and of itself,
comprise a microprocessor and memory which not only carries out the
instructions stored therein, but also is configured to set the
instructions to be carried out in accordance with the particular
application at hand, which is typically a function of the type of
modulation employed for input signals at system input 36.

In the setting process of the present invention, according to
one particular embodiment (specifically referring to Fig. 13), a
table of values is created by microprocessor 100 in conjunction
with memory 102 to form a look-up table of values to be stored in
memory 102. A set of control instructions for control device 42
may be defined by microprocessor 100 as a function of the number of
high 1level signals present at the system input or by an
approximation representing the number of high level signals. After
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being set by microprocessor 100, control device 42 comprises the
necessary instructions to properly control first and second signal
jevel changing devices 32, 34 as a function of certain
characteristics of the transmit signal input into the system, one
characteristic being the composite power of the input signal. The
set of instructions defined by microprocessor 100 tells control
device 42 which of the characteristics of the input transmit signal
are to be taken into account in controlling first and second signal
level changing devices 32, 34, and microprocessor 100 also tells
control device 42 how to determine those characteristics.

The following explanation describes the analysis behind the
setting process of the present invention by way of particular
example, which is not limiting, and which is intended only to
jllustrate the methodology for defining instructions to set control
device 42. First, it is assumed that a certain variable number of
equal-level input signals (e.g., 2, 3, 4, 5 and 8) represents
typical combinations of signals present at signal input 36,
implying that all other input signals are insignificant (again, for
this example). Further, it is assumed that the laser diode or
light-emitting diode in transmission link 22 is the dominant
intermodulation source of the system. An input third-order
intercept of +27 dBm for the optical diode modulator is assumed.
For cases where three or more input signals are present, it is
assumed that the third-order intermodulation product of interest is
a three-tone product, since it is typically 6 dB above the level of
the two-tone product. Also, it is assumed that only one three-tone
product falls into a particular radio channel of interest at a
time. If it had been assumed that more than one three-tone product
became a co-channel interfering signal, the resulting algorithm
would be different.

In addition, for the analysis implemented in this example in
arriving at the instructions for control device 42, a fixed
intermodulation ratio of 77 dB is assumed for a two-tone third-
order product with two input tones, and a fixed intermodulation
ratio of 77 dB is assumed for the three-tone product with 3, 4, 5,
or 8 tones. The analysis shows that the composite level at the
laser or light-emitting diode modulator input 26 for a fixed
intermodulation ratio of 77 dB as a function of the number of

equal-level input signals would be:
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Number of Signals Total Input to Diode Modulator

2 -8.5 dBm
3 -9.7 dBm
4 -8.5 dBm
5 -7.5 dBm
8 -2.5 dBm

These input-to-diode modulator composite power level values
are effective values which relate to the intermodulation third-
order products which would result at the system input 38 as a
result of the intermodulation distortion caused by the laser diode
or light-emitting diode of the transmission link.

Thus, from this analysis it can be concluded that for between
one and five equal-level system input signals, a straightforward
composite (average total) power measurement may be utilized to
determine the proper settings for first signal level changing
device 32 and second signal level changing device 34.

For a larger number of dominant signals, that is, for a number
greater than five input signals, a complex signal processing
technique (such as one employing an AC processor and combiner
device described infra; see Fig. 6) might need to be employed, in
the event a 6 dB error were found to be unacceptable for a given
application.

The look-up table with input signal composite power values and
other values based on the AC characteristics of the detected signal
would be used to determine the instantaneous attenuation or gain
settings of the first and second signal level changing devices.

A fifth embodiment of the dynamic range enhéncing system of
the present invention will now be described with reference to Fig.
6.

In comparison to the previously-discussed embodiment of the
present invention it can be seen that the pre-transmission section
of the dynamic range enhancing system, which consisted of a
preamplifier 24 and a first signal level changing device 32, has
been replaced by a tandem combination of preamplifier 24a,
directional coupler 52a, attenuator 32a, preamplifier 24b, and
attenuator 32b. Further, in the fifth embodiment, control device
42 has been reconfigured to include directional coupler 52a,
monitor device 54, DC processor 56, AC processor 58, combining unit
60, and attenuator control unit 62. Further, a second directional
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coupler 52b is placed between transmission link 22 and preamplifier
28.

Monitor device 54, which in this embodiment comprises an RF
amplifier and video detector, is connected at its input 55a to
directional coupler 52a to thereby sample the signal amplified by
preamplifier 24a. Output 55b of monitor device 54 is connected to
respective inputs of DC processor 56 and AC processor 58, the
outputs of which are then connected to two respective inputs 6la,
61b of combining unit 60. Output 6lc of combining unit 60 is
connected to input 63a of attenuator control unit 62. Attenuator
control unit 62 further comprises three outputs, 63b, 63c and 63d.
output 63b is connected to the programmable input of attenuator
32a; output 63c is connected to the programmable input of
attenuator 32b; and output 63d is input to control signal modulator
44, the output of which is connected to control signal input 26’ of
transmission link 22.

Directional coupler 52a, connected to the output of
preamplifier 24a, feeds a sample of an amplified input transmit
signal to monitor device 54, which in turn provides a video signal
having a bandwidth typically greater than 1 MHz and a spectral
position that corresponds with a direct-current carrier. This
video signal is in turn further processed by DC processor 56, as
well as concurrently processed by AC processor 58. DC processor 56
provides a measurement signal indicative of the instantaneous
composite (total average) RF level which is present at output 25 of
preamplifier 24a. In the meantime, AC processor 58 provides a
measurement signal indicative of the second-order intermodulation
products generated in the rectification process at the output of
monitor device 54.

one preferred input power threshold setting for the system of
the embodiment shown in Fig. 6 is -45.5 dBm. Thus, for composite
input power levels below -45.5 dBm, the setting of each respective
variable attenuator, 32a, 32b and 34, would remain fixed. However,
for input power levels above -45.5 dBm, the settings of both signal
level changing devices (i.e., of variable attenuators 32a, 32b, and
34) would change accordingly as previously described with respect
to Fig. 2.

AC processor 58 detects the AC component present at output 55b
of monitor device 54. If, for example, two signals at -48.5 dBm
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each were connected to system input 36, spaced apart from each
other in the frequency domain by a frequency of 210 kHz, the output
of monitor device 54 would contain a DC level indicating the total
RF input power of the two input signals present at input 36, and an
AC signal with a frequency of 210 kHz, equal to the difference
frequency (as well as many harmonics of 210 kHz). If, instead,
only one signal at -45.5 dBm were connected to system input 36,
output 55b of monitor device 54 would contain a DC level indicating
the same total power as for the previous case, but no low frequency
AC signal would be present.

An analysis of the third-order intermodulation product levels
at output 30 of transmission link 22, as a function of the total
number of equi~level input fundamental signals, was discussed above
with respect to the setting process for providing instructions to
control device 42 shown in Figure 13, which has been functionally
replaced in Figure 6 by monitor device 54, DC processor 56, AC
processor 58, combiner 60, and attenuator control unit 62; and the
analysis shows that the correct process for driving attenuators 32a
and 32b would be such that for one through five input signals, a
composite (total) power level of =35.5 dBm at output 30 of
transmission 1link 22, corresponding to an effective -8.5 dBm at
input 26 of transmission 1link 22, can be expected to give
acceptable intermodulation performance over a wide range of input
signal levels.

When eight equal level signals are present at input 36 of the
system, a correct process for driving the first two attenuators 32a
and 32b would be such that a composite power level of -29.5 dBm at
output 30 of transmission link 22, corresponding to an effective -
2.5 dBm at input 26 of transmission link 22, can be expected to
give acceptable intermodulation performance over a wide range of
input signal levels. This analysis therefore shows that for
optimal operation of attenuator control unit 62, the role of AC
processor 58,'for input power levels present at input 36 which are
above =-41.5 dBm total, should be to reduce the attenuation settings
of attenuators 32a and 32b slightly and to increase the attenuation
setting of attenuator 34 slightly (beyond that normally suggested
based only upon the output of DC processor 56), if there is
evidence that a large number of high-level signals are present.
Such evidence may be provided to combiner 60 by AC processor 58.
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For this application, as long as fewer than six higher-level
signals are present at input 36 (as evidenced by the output of AC
processor 58), the output of DC processor 56, which is proportional
to the composite input power level, would alone be used by combiner
60 to determine the correct setting of the attenuators as set by
attenuator control unit 62.

By way of example, AC processor 58 provides a DC output
proportional to the peak AC voltage present at its input. AC
processor 58 may also potentially involve weighing of certain
frequencies in the video range from 30 kHz to 10 MHz, such as might
be provided by a pre-emphasis function in AC processor 58 for
certain applications. Weighing of AC processor 58 and DC processor
56 by combining unit 60 is set as a function of the particular
application at hand.

The outputs of AC and DC processors 56, 58 are in turn
combined by processor combiner 60, which also optionally applies
attack and decay time constants and scaling of the AC and DC
processor outputs. As mentioned previously, the speed of the feed
forward control function of the overall system may be adjusted to
suit the particular application. For the micro-cell antenna
remoting application, the feed forward control attack time would
likely need to be 10 to 100 msecC (milliseconds); and a decay time
of 20 to 200 msec would likely be acceptable. If the attack period
is too long or the decay period is too short, a nearby vehicular
TDMA terminal could disrupt a micro-cell portable terminal user
call, because of the intermittent nature of the TDMA terminal
transmission.

output 61lc of combining unit 60 is then fed to attenuator
control unit 62. The function of attenuator control unit 62 is to
generate analog or digital control signals for attenuators 32a, 32b
and 34, based on the instantaneous DC level of a control signal
provided to it by combining unit 60. The correct control signals
are determinéd according to an application-dependent algorithm
(i.e., the setting process of the present invention) which is
intended to maintain a maximum composite power level of
approximately -8.5 dBm at input 26 of transmission link 22. The
previous discussion of the function of DC processor 56, AC
processor 58 and combiner 60, in which the inputs to combiner 60

and the output of combiner 60 were DC signals, is not intended to
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preclude those signals from being analog AC or digital signals, but
was only intended to explain one particular embodiment of the
present invention.

With respect to Fig. 13 and the setting process of the present
invention, and also Fig. 6 and the fifth embodiment shown in Fig.
6, the specific operation of both of these embodiments of the
present invention will now be described in more detail, by way of
example.

Referring to the setting process, and Fig. 13, a look-up table
for setting instructions in its simplest implementation would have
"two columns, one column listing "power" values and the other
listing "attenuation or gain" values. That is, based on the
measured power of the transmit signal, a particular value of
attenuation or gain for each of the variable signal level changing
devices would be indicated in the form of a table. In this
approach, no AC processor would be provided, thus resulting in less
cost and complexity. The value of attenuation or gain to be set
for each of the signal level changing devices depends only on one
piece of information, the input signal power level provided by a DC
processor.

When both AC and DC processors are provided to effect the
desired settings for the signal level changing devices, such as
shown in the embodiment of Fig. 6, combining unit (or processor) 60
may be provided with a look-up table having a plurality of
variables arranged in three or more columns, where the value of
attenuation or gain of each of the signal level changing devices
would depend on two or more separate pieces of information. These
separate pieces of information are provided by the AC and DC
processors, respectively. Depending on the application, several
separate pieces of information could be generated by AC processor
58, and the value of the setting for each attenuator or gain-
control amplifier would depend on all available pieces of
information, that is, the settings would depend on the RMS input
power 1level determined by DC processor 56 and also on any
information provided by AC processor 58.

Referring to Fig. 6, monitor device 54 samples the transmit
signal at the system input and rectifies the transmit signal,
resulting in a broad band video signal having both DC and AC
components. DC processor 56, in simplest form, comprises a fixed
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low pass filter with a certain amount of attenuation associated
therewith.

AC processor 58 may be implemented as shown in Fig. 6a, which
jllustrates a multi-channel spectral analyzer 59 connected to an
input of combining device 60. Monitor device 54, processes a
replica of the system input signal, and generates low frequency AC
difference products (in the frequency domain) which are in turn fed
into AC processor 58. Utilizing a low-cost implementation, the AC
processor is capable of measuring the energy level of low-frequency
signals at the output of monitor device 54 in a certain limited
number of (e.g., three) frequency bands. Each of these individual
power levels, along with the measured average (RMS) input power as
determined by DC processor 56, are monitored by combining unit 60
which calculates, based on all of these values, the correct level
of attenuation or gain to be set for the first and second level
signal changing devices of the present invention.

Thus, it can be seen that combiner 60 assimilates all
information input thereto and forms output signals which are sent
to attenuation control unit 62 to control the respective settings
of the first and second signal level changing devices.

In accordance with a specific implementation, combining unit
60 comprises a microprocessor and memory, wherein a plurality of
variables having certain values are stored. These variables may be
stored in the memory to form two distinct look-up tables, Table No.
1 and Table No. 2. Table No. 1 comprises information relating to
the information output by AC processor 58, and Table No. 2 provides
information relating to the output from DC processor 56.
Particularly, Table No. 2 has two columns, one column representing
a number of input power levels represented in root mean square
(RMS) power values, and the other column representing the desired
signal level at the output of each of the first and second signal
level changing devices (which may be translated, to either an
attenuation or amplification value). In this regard, for the
embodiment shown in Fig. 6, three signal level values would be
specified in each row of the second column comprising a first
signal level value for attenuator 32a, a second signal level value
for attenuator 32b, and a third signal level value for attenuator
34. Table No. 1 may be simplified for the purpose of explanation

as follows:
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Bl B2 B3
0 0 0 §, =0
5 5 5 a small amount

fé.g., three dB)
10 10 10 §; = a large amount
(e.g., six dB)

In this table, three distinct energy levels of each of three
bands Bl, B2 and B3 are specified. The location of these frequency
bands may be, for example, 10 kHz to 100 kHz for band Bl, 100 kHz
to 1 MHz for band B2, and 1 MHz to 10 MHz for band B3. As
previously discussed, when greater than five high 1level input
signals are present at the system input 36, it is preferable that
the magnitude of the transmit signal going over transmission link
22 be slightly increased as compared to when five or less high
level input signals are present at system input 36. Thus,
frequency bands Bl, B2 and B3, as separated by AC processor 58,
represent an approximation of the number of high level input
signals present at system input 36.

The respective settings of the first and second signal level
changing devices may be represented as follows:

Sipe t é

Sype = 64
where S,. + § represents the desired signal level present at the
output of the first signal level changing device and S, - §

represents the desired signal level present at the output of the
second signal level changing device. S,,. represents the desired
signal level present at the output of the first signal level
changing device determined by combiner 60, solely as a function of
the RMS input power level calculated by DC processor 56; and S,
represents the desired signal level present at the output of the
second signal level changing device, also solely as a function of
the RMS power level as determined by the DC processor 56. 6
represents the component, or change in signal level which is
effected by the output of AC processor 58.

Table No. 1 is used in order to determine the respective §
value depending on the number of high level signals present at the
system input 36 as determined by an approximation performed by AC
processor 58. Table No. 2 simply sets forth the S, and S, values
which are associated with certain RMS values as determined by DC
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processor 56. As can be seen by the above Table No. 1, if no low
frequency AC components are detected within each of the bands BIl,
B2 and B3, then é§ would be assigned the value of &, which is equal
to zero. However, if a mid-value energy level of five units were
detected within each of the frequency bands Bl, B2 and B3, § would
be assigned the value of §, which is equal to a small amount (e.g.,
3 dB). On the other hand, if high level signals are present within
frequency bands Bl, B2 and B3, represented by magnitudes of 10 in
each band, § would be assigned a value of &; which would be the
largest amount of § (e.g., 6 daB) .

Table No. 1 depicted above may be set up with a significantly
larger number of values having § values (6,... 6,) corresponding to
many possible combinations of energy levels for the respective
frequency bands.

Accordingly, where the number of high level signals present at
signal input level 36 are less than a preset number, § would be set
to be equal to é§, = 0 by combiner 60, and the output of AC processor
58 would essentially have no effect on the control of both signal
level changing devices. However, if more than a preset number of
high level signals are present at input 36, bands Bl, B2, and B3
will 1likely have certain relatively high energy levels, and
combiner 60 would assign § to have a certain value §,, which will
be added to the signal level present at the output of the first
signal level changing device and will be subtracted from the signal
level present at the output of the second signal level changing
device.

Fig. 14 depicts a more specific version of the fifth
embodiment shown in Fig. 6, with a number of particularly specified
components similar to those utilized by GTE as discussed by Fye,
D.M., in "Design of Fiber Optic Antenna Remoting Links for Cellular
Radio Applications" (previously cited). This version of the fifth
embodiment of the present invention illustrates the enhanced
overall dynamlc range capability of the invention by analysis of
the third-order intermodulation and noise figure properties
thereof.

Tt is noted that an example of possible RF amplifier and
attenuator devices which could be utilized in this version of the
fifth embodiment are all manufactured by Janel Laboratories. They

include:
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Preamplifiers 24a and 28: PF845B, 1.4 dB noise figure, 16 dB
gain, + 36 dBm output third-order intercept.

Attenuators 32a, 32b and 34: AT883, +60 dBm input third-order
intercept at 2 dB attenuation, +55 dBm input third-order
intercept at 10 dB attenuation.

Preamplifier 24b: PA3101; 12 dB noise figure, 30 dB gain, +48
dBm output third-order intercept (assumed since this unit
covers 900-920 MHz; the same specifications would apply for a
unit to cover 821-851 MHz).

Transmission link 22 having laser diode, fiber optic cable and
connectors, and photodetector: Assumed to have the same
characteristics as those shown in the published article by

Fye, D.M., entitled "Design of Fiber Optic Antenna Remoting

Links for Cellular Radio Applications," as presented by GTE

(Mitsubishi FU 45SDF-3 was the laser diode utilized by GTE).

Of course, the present invention is not limited to these
specific components, which are being given herein by way of example
only.

Fig. 15 shows one predicted operation of the specific version
of the present invention shown in Fig. 14, wherein a first pair of
input signals of -48.5 dBm each is provided at system input 36.
The predetermined system input power threshold of this embodiment
is -45.5 dBm, equivalent to the total power of two equal level
signals at =-48.5 dBm each. If two signals at -48.5 dBm each were
connected to input 36 of preamplifier 24a, attenuator control units
62 would set attenuator 32a for 2 dB attenuation and attenuator 32b
for 7 dB attenuation.

The predicted operation of this specific version of the
present invention can be further analyzed for a second pair of
input signal levels, as shown in Fig. 16. If instead, two signals
at -35 dBm each were connected to input 36 of preamplifier 24a,
attenuator control unit 62 would automatically set attenuator 32a
to 8 dB attenuation and attenuator 32b to 14.5 dB attenuation.
These settings would ensure that the signal level at the output of
attenuator 32b would be -11.5 dBm per signal for both examples
(i.e., for the examples shown in both Figs. 15 and 16). For the
13.5 dB higher level input signals of the case in Fig. 16, the
total attenuation change for attenuators 32a and 32b was 13.5 dB.
In the event two signals lower than -48.5 dBm each were connected
to input 36 of the system, attenuation control unit 62 would set
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attenuators 32a and 32b to the same settings as for the -48.5 dBm
per signal case, which was shown in Fig. 15.

As explained previously, the attenuator settings are
formulated to avoid over-driving the laser or light~emitting diode
of transmission link 22 in order to help control third-order
jintermodulation products, in the event that a high-level signal is
injected at input 36 of preamplifier 24a. With the feed forward
attenuator control function of the present invention, as shown in
the configuration in Fig. 14, the overall dynamic range would be
dramatically enhanced, as compared to the example presented
previously of an antenna remoting system employing a fixed-gain
preamplifier.

The configuration shown in Fig. 14 also maintains a fixed gain
over the link from end to end (that is, from system input 36 to
system output 38) by employing gain compensation at the distant end
under feed forward control. Attenuator control unit 62 provides an
analog or digital control signal which is used to control
attenuator 34. The RF output of attenuator 34, that is, the system

RF output at system output 38, is in
turn connected to a receiver multicoupler of a cellular

communication system.

The operation of attenuator 34, that is, the attenuator which
is located at the post-transmission side of transmission link 22,
will now be described by way of the following examples.
Considering again the case shown in Fig. 15, where the input signal
consisted of two low level signals at -48.5 dBm each, attenuator 34
will be set to 16 dB attenuation. For the case shown in Fig. 16,
where the input signals were increased by 13.5 dB to be -35 dBm
each, the settings of attenuators 32a and 32b were also increased
by a total of 13.5 dB. Therefore, in order to maintain a zero net
gain change over the 1ink, attenuator control unit 62
simultaneously generates a signal which is used to control
attenuator 34, thus reducing its attenuation level by 13.5 dB to -
2.5 dB.

The result of employing three preamplifiers and three
attenuators controlled by a feed forward control system is that,
while an antenna remoting link using a fixed gain preamplifier in
a system described by GTE had a usable input signal range of 77 dB,

the embodiment of the present invention employing a feed forward
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control 1link as described herein has a usable system input signal
range of more than 90 dB. Also, for the GTE antenna remoting
‘system, in which two input signals at -35 dBm each were assumed,
the output third-order intermodulation products were only 50 dB
down from the fundamental signals. For the system described herein
having an assumed input of two input signals at -35 dBm each, the
output two-tone third-order intermodulation products would be 75.5
dB below the fundamental signals, illustrating a third-order
intermodulation distortion ratio improvement of 25.5 dB for the
attenuator settings and component characteristics assumed in the
version shown in Fig. 14.

A further input level case for the version of the invention
which is shown in Fig. 14, is shown in Fig. 17. In this case, two
signals at input levels greater than -35 dBm are connected to
system input 36. In this case, the invention described herein
operates similarly to an AGC amplifier approach, since the overall
link gain is reduced to a value below 10 dB at extremely high input
levels. For this example, with two system input signals at -31dBm
each, the overall gain is reduced to 6.5 dB. Most significantly,
the intermodulation products generated as a result do not increase
dramatically with respect to the fundamental signals. For example,
with two system input signals at -31 dBm each, as shown in Fig. 17,
the two-tone third-order intermodulation products would be 74 dB
lower than the fundamental level, and the output signal-to-random
noise (S/N) ratio in a 30 kHz bandwidth would be 77 dB.

The present invention described herein thus substantially
improves the robustness and signal handling capability of remote
antenna units. It is noted that the analysis of Figs. 15-17 shows
that preamplifier 24a and 28 have output third-order intercepts
which are 10-15 dB higher than actually required for this
application; therefore, lower cost units could likely be employed
instead. The particular levels, attenuator settings, and component
characteristics contained in this description are only intended to
show various embodiments of the invention and to demonstrate its
enhanced performance, compared to other devices which are also
intended to provide an antenna remoting function. Other levels,
settings and characteristics could thus alternately be used.

A sixth embodiment of the present invention is shown in Fig.
7, and details a more specific structure for transmitting setting
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values of attenuator 34 over transmission link 22. In other words,
this sixth embodiment of the present invention illustrates a system
employed to provide control for attenuator 34 and additionally
facilitate other maintenance communication, remote control and
alarm reporting functions. The output of attenuator control unit
62 may be in either analog or digital form and contains information
regarding the desired instantaneous setting for attenuator 34. In
this sixth embodiment, all similarly labeled elements are the same
as those in the fifth embodiment shown in Fig. 6. The sixth
embodiment shown in Fig. 7 also comprises control interfaces 4la
and 41b, self test attenuator 66, and RF oscillator 64. The output
of attenuator control unit 62 is connected to control signal
modulator 44, which may be an FM/FSK (Frequency
Modulation/Frequency Shift Keying), PM/PSK (Phase Modulation/Phase
shift Keying) or AM/ASK (Amplitude Modulation/Amplitude Shift
Keying) control signal modulator, and the output of the control
signal modulator 44 is in turn connected to RF oscillator 64. RF
oscillator 64 is connected to directional coupler 52c via self-test
attenuator 66, which is provided therebetween.

According to this embodiment, control signal modulator 44 may
be fed by a TDM (Time Division Multiplexed) or FDM (Frequency
Division Multiplexed) control interface 41a, having an output
connected thereto. TDM or FDM control interface 4la allows other
remote control or alarm reporting functions to be transmitted over
transmission link 22, as desired. For example, it is possible to
implement a service channel for maintenance purposes by allowing
voice or data signals to be transmitted from the cell sites over
the link to the remote antenna unit, as discussed below.

The frequency of RF oscillator 64 is selected to match an
associated control signal demodulator 46 at the opposite end of
transmission link 22. The frequency selected could be slightly
outside the normal desired signal frequency band of interest of the
transmit signal which is input at system input 36. Another
possible implementation of RF oscillator 64 would be to utilize a
standard IF (Intermediate) frequency such as 10.7 MHz or 21.4 MHz
for the RF oscillator output frequency. Selection of the
particular frequency also depends on ensuring that no significant
intermodulation products (due to a combination of the control

signal with received post-transmission signals) will fall within
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the frequency band of interest and cause interference with desired
signals. The level of the control signal may be rather low with
respect to normal received RF signals, depending on the required
information detection bandwidth for the desired control speed and
the required carrier-to-noise ratio of the control signal
demodulator 46. The output of RF oscillator 64 may be, in turn,
fed through a variable attenuator if a self-test (i.e., dynamic
range test) function is desired, and then, in turn, fed through a
second directional coupler 52c into input 26 of transmission link
22.

At the distant (post-transmission) end of transmission link
22, the control signal is picked off either at transmission link
output 30 (when a low frequency RF control signal is used) before
preamplifier 28 through directional coupler 52b or alternatively
after preamplifier 28 through a fourth directional coupler (not
shown). The RF control signal intended for attenuator 34 is then
connected to control signal demodulator 46, and the control
information is further processed by an attenuator processor, which
in turn sets the level of attenuation for attenuator 34. An
auxiliary output 47 of control signal demodulator 46 may be
connected to an optional TDM or FDM interface unit 41b to allow
alarm reporting and service channel information to be recovered,
which may have been sent by control interface 41la.

For a micro-cell antenna remoting application, no special
delay compensation is envisioned to avoid generation of undesirable
system output transients. For extremely demanding applications, a
fixed time delay element can be utilized in series with the input
to attenuator 32a, and another time delay element may be placed in
series with the input to attenuator 34, to ensure that delays
caused by monitor device 54 and the rest of the control device,
along with delays caused by control signal demodulator 46, will
provide the desired transient response at system output 38. In the
event a high-speed control function is implemented, the AM
suppressed by attenuators 32a and 32b will be compensated for and
restored to the desired system signal level by attenuator 34.

The system control and self-test capabilities of the sixth
embodiment, as shown in Fig. 7, may also be provided for a remote
antenna transmit link, as shown in the seventh embodiment of Fig.
8. Since high level transmit signals are typically available at
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the cell sites, three stages of amplification would typically not
be required, unlike the situation for the remote receiving link, as
previously discussed. Therefore, only two variable attenuators 32
and 34 are provided in the seventh embodiment of Fig. 8. The
dynamic range enhancing system of the seventh embodiment provides
a measure of protection for high-level signals which might over-
drive the laser or light-emitting diode of transmission link 22
located at the cell site, which may be utilized for the remote
antenna of the unit transmit function. It is noted that, aside
from only having a single attenuator 32 at the pre-transmission
side of transmission link 22, the structure of the system of the
seventh embodiment of Fig. 8 is substantially identical to that of
the sixth embodiment in Fig. 7.

other benefits of employing a feed forward control system for
the cell site-to-micro-cell direction include providing system
control, self-test, and service channel capability. In the event
an out-of-band RF oscillator frequency is used, an RF filter with
adequate attenuation must be provided to ensure that the micro-cell
antenna will not radiate the RF control signal at a significant
level to cause interference to other systems or exceed FCC spurious
radiation limits.

Because of the configuration of the invention described herein
and the feature which provides for transmission of the optically
encoded associated attenuator control signal, along with the
processed RF transmit signal, it is possible to utilize more than
one optical receiver physical location, providing single-to-multi-
point distribution. 1In this case, each optical receiver location
would contain the functions required to process the incoming
signal, including a photodetector, a post transmission
preamplifier, a post transmission attenuator, and a control signal
demodulator.

Referring to Fig. 8, system output 38 is fed to a bandpass
filter 90 and remote transmit power amplifier 92. In accordance
with an additional embodiment of the invention, the control signal
demodulator 46 may optionally be configured to furnish an
additional analog or digital output signal via a second output 88
to a bias control port 94 of remote transmit power amplifier 92.
More particularly, control signal demodulator 46 may be provided
with a bias control unit 86 of one of two types: a first type,
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which provides an output signal which is proportional to the amount
of the system input signal level, or alternatively, a second type,
which provides an output signal which indicates whether or not the
system RF input signal level is above or below a certain
predetermined threshold.

In the first type, bias control unit 86, may simply perform a
mathematical operation on the attenuator setting signal, so that
the output signal increases the remote transmit power amplifier
current and/or voltage by changing the signal at the bias control
port in proportion to the level of the system RF input signal. 1In
the second type, bias control unit 86 may simply determine if the
magnitude of the attenuator setting signal is above or below a
certain predetermined value and accordingly send either a high or
low value signal to the bias control port, causing the remote
transmit power amplifier current and/or voltage to be set at either
a high or a low value.

Such bias-controlled power amplifiers typically maintain a
substantially fixed RF gain over the entire bias control range, but
the amplifier linearity improves considerably at high values of
consumed AC or DC power. Thus, this additional embodiment reduces
the power consumption of the power amplifier when the signal level
is low, and increases the power consumption of the power amplifier
by changing its bias, when the total input signal level increases
to provide a higher degree of linearity at an increased DC or AC
power consumption.

The advantage of this additional embodiment is that it uses
the information already present within control signal demodulator
46, which was based on the measurements made at the opposite end of
the transmission link, to reduce the power consumption of the
remote transmit power amplifier until such time that a high degree
of linearity is actually required. When the signal levels are
high, the linearity will be enhanced via bias control port 94,
causing an increase in power consumption of remote transmit power
amplifier 92. When the system input signal level drops, the power
consumption will be reduced.

In accordance with an additional embodiment of the invention,
the control signal demodulator 46 may optionally be configured to
measure the long-term average level of the incoming control signal
and effect the setting of the second signal level changing means to
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optionally compensate for variations in optical loss which could
affect all RF signals transmitted over transmission link 22. For
example, in the event the level of the incoming control signal were
too low due to excessive optical attenuation or low optical return
loss, the output of the second signal level changing device could
be increased slightly to compensate for the resulting low RF signal
jevels. The advantage of this additional embodiment is that it
uses the capability already present within control demodulator 46
and adds a simple control signal long-term average level
measurement capability at a low additional cost to greatly enhance
the overall system performance.

An eighth embodiment of the present invention is shown in
Figs. 9-11, where two or more dynamic range enhancing subsystems
may be simultaneously combined to provide improved dynamic range
performance within two or more (i.e., distinct) RF or microwave
frequency bands. To facilitate review of the same, only two such
enhancers are shown in Fig. 9. Figs. 10 and 11, respectively,
illustrate pre- and post-transmission processors used in the system
of Fig. 9.

In this configuration, a plurality (e.g., two) of pre-
transmission processors 68a, 68b, and a plurality (e.g., two) of
post-transmission processors 70a and 70b are provided. RF transmit
signal outputs 74a, 74b of pre-transmission processors 68a, 68b are
each connected to a respective RF band-pass filter 72a, 72b.
Control signal outputs 75a, 75b of pre-transmission processors 68a,
68b are both input to RF combiner 76. Each of RF filters 72a, 72b
have outputs which are also connected to RF combiner 76. RF
combiner 76 is connected to input 26 of transmission link 22.

Similarly, RF splitter 78 is connected to output 30 of
transmission link 22. Corresponding RF filters 72a, 72b are
connected to RF splitter 78, and have outputs which are connected
to RF transmit signal inputs 80a, 80b of post-transmission
processors 70a and 70b. Further, a plurality of split outputs of
RF splitter 78 are connected to respective control signal inputs
8la, 81b of post-transmission processor 70a, 70b.

A key characteristic of RF transmission links which have
electro-optic components is their wide RF bandwidth. Since the RF
bandwidth of laser diode modulators and photo-diode detectors
available today typically exceed 3 GHz, multiple radio frequency
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bands of interest may be transmitted simultaneously over a single
optical link, if the overall dynamic range is adequate.

In this alternative embodiment, two or more pre-transmission
processors as shown in Fig. 10, which in previously described
embodiments preceded the transmission link, may be combined to form
the composite inputs to the transmission link as shown in Fig. 9.

Similarly to the previously described embodiments, and as
shown in Fig. 10, a pre-transmission processor comprises a
preamplifier 24, gain control amplifier 32/, control device 42 and
control signal modulator 44. The input of control device 42 is
connected to output 25 of preamplifier 24. Further, one output of
control device 42 is connected to control input terminal 33’ of
gain controlled amplifier 32/, and a second output of control
device 42 is connected to control signal modulator 44 which
generates a modulation of the control signal produced by control
device 42 to allow transmission over transmission link 22.

At the distant post-transmission end of transmission link 22,
an identical quantity of post-transmission processors, such as
those shown in Fig. 11, are separately employed, along with
suitable filters for each frequency band, in order to obtain
desired RF signal levels. In each post-transmission processor, as
shown in Fig. 11, a gain control amplifier 34’ and control signal
demodulator 46 are provided. RF transmit signal input 80 is
connected to gain control amplifier 34’, and control signal input
81 is connected to an input of control signal demodulator 46, the
output of which is connected to control input 35’ of gain control
amplifier 34’.

The major difference between this embodiment and the
previously described embodiments is the use of RF or microwave
filters and RF signal combining and splitting networks to provide
separate but simultaneous processing capability at both ends of
transmission link 22, with each frequency band processed by a
separate and independently acting dynamic range enhancer. For
example, if one frequency band has extremely high level signals
present while another frequency band simultaneously does not, it is
desirable to be able to attenuate the high level signals in one
frequency band before they reach the laser diode modulator, or
light-emitting diode modulator, while providing no attenuation for
the low-level signals in the other frequency band.
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one control signal modulator may be required for each separate
pre-transmission processor, with separate devices for transferring
the control signal information to the distant end of the optical
link, so that each separate post-transmission processor may be
separately controlled, providing enhanced link dynamic range
performance.

A separate frequency band system as illustrated in this
embodiment (Fig. 9) may be applied to any of the other embodiments
disclosed herein to provide these same benefits.

There are many possible ways to provide the capability for
transmitting the required multiple analog and/or digital control
signals over transmission link 22. Three notable, but non-
limiting, examples are:

1) Multiple frequency division multiplexed carriers may be
provided, each being separately modulated by the control
information, with separate demodulators (one frequency-
division multiplexed [FDM] demodulator for each control
carrier) at the distant end of the optical link, as shown in
Fig. 9.
2) Alternatively, a single RF carrier with separate control
channel subcarriers (onto which the control information for
each separate frequency band is modulated) may be provided,
with a single RF demodulator at the distant end of the optical
link, and with separate subcarrier demodulators for each
control signal.

3) Alternatively, a single RF carrier (onto which the

control information for each separate frequency band is time

division multiplexed) may be provided, with a single RF
demodulator at the distant end of the optical link, along with

a time division demultiplexer to provide the required control

signals at the distant end (TDM).

Because the time delays associated with processing the control
signals for all frequency bands may not be equal, separate devices,
for providing the proper time delay equalization, may be provided
with each pre-optical processor and post-optical processor in order
to obtain the desired transient response for each frequency band.
Such devices include time delay networks described in a previous

embodiment to the present invention.
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A ninth embodiment will now be described with reference to
Fig. 12. In this embodiment, similarly to the second embodiment
shown in Fig. 3, preamplifier 24, gain control amplifier 327,
transmission link 22, gain control amplifier 34’, control device
42, control signal modulator 44, and control signal demodulator 46
are provided. However, in addition, an RF downward frequency
converter 82 and an RF upward frequency converter 84 are also
provided. RF downward frequency converter (hereinafter RF down
converter) 82 is connected to the input of preamplifier 24’, and RF
upward frequency converter (hereinafter referred to as RF up
converter) 84 is connected to the output of gain control amplifier
347,

In this embodiment, down-converter 82 1is employed at the
remote antenna pre-~transmission end of transmission link 22 to
convert RF signals to a lower frequency before transmission over
transmission link 22, and an optional up-converter 84 is employed
at the post-transmission end of transmission link 22. The actual
position of the frequency converter subsystems 82, 84 with respect
to the previously described elements of the invention depends upon
the specific application for the system. For example, the down-
converter 82 might precede pre-transmission processing by
preamplifier 24’ and gain control amplifier 32’, and optional up-
converter 84 at the post-transmission end of transmission link 22
might be connected following the post-optical processing by gain
control amplifier 34’. '

The advantage of utilizing such additional frequency
converters for transmission systems having laser diodes may be
understood due to the frequency-independent non-linearity of laser
diodes at high modulation 1levels, and the frequency-dependent
linearity of laser diodes at lower modulation levels.

Based upon published results, at lower level modulation levels
where the non-linearity is dominated by AM/PM, laser diode
linearity may be improved by as much as 40 dB/decade frequency by
utilizing lower RF frequencies for the optical link. For such
applications, it is expected that a substantial performance
improvement may be obtained. At higher modulation levels, where
the laser diode non-linearity is dominated by AM/AM, only a small
performance benefit is expected by using one or more frequency
converters, as shown in this embodiment.
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For transmission 1links including light-emitting diodes
(optical LED systems), the frequency response and cost of the
system are typically jess than for laser diode systems, and
therefore, cost benefit may be obtained for some LED system
applications where the one or more frequency converters in the
previously described invention are combined, as in this ninth
embodiment of the present invention.

For all types of remote RF systems, related cost and
performance should be considered since the additional non-
linearity, phase noise and cost of one or more frequency converters
must be taken into account. For some applications, use of this
alternative embodiment may therefore not be desirable.

Due to the use of a second level changing device, the present
invention has a lower output random noise level at 1low system
input levels compared with conventional approaches, allowing easier
combining of transmission 1link outputs for networks used for
simulcast applications and networks utilizing a star architecture
(for example, compared with prior art devices employing AGC
amplifiers prior to input to an optical modulator). Diversity
Antenna applications may improve reliability and quality of
communications, where space, polarization, and angle diversity
antennas are employed, and processed outputs of two or more remote
antennas may be combined either coherently or non-coherently (using
various means known to those skilled in the art). This allows a
single optical fiber cable 1ink to be employed for transmitting and
receiving signals from more than one antenna to the cell site to
improve reliability and quality of communications over the desired
coverage area.

A conventional device using an AGC or limiting amplifier prior
to the optical modulator could potentially cause more frequent
transmit power changes at the portable terminal than if a fixed
gain approach were used, since it essentially adds to the amount of
variation in éignal level caused by the RF propagation environment,
increasing demand on the network switch and links connecting the
cell sites. If a high level signal from a nearby user terminal
causes a reduced system output level for a desired lower-level
signal, ultimately causing the system to request a distant terminal
to increase its transmit power beyond that normally required to
maintain communication, the result would be increased intra-system
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(inter-cell) interference. In situations where multiple outputs of
optical links are non-coherently combined (and some outputs are
increasing due to higher terminal transmit power while others are
not) an excessive number of system transmit power change commands
and interference would be generated than would otherwise be the
case.

The invention’s higher usable input range allows cellular and
microcellular systems to be deployed which do not employ reverse
channel transmit power control and instead use portable and mobile
terminals with fixed transmit power. Such systems may be more
cost-effective than systems employing power control for many
applications. The system of the present invention may also be
implemented in conjunction with a booster or cell enhancer system.

While the invention has been described by way of its preferred
embodiments, it is understood that the words which have been used
herein are words of description, rather than words of limitation.
Changes may be made, within the purview of the appended claims,
without departing from the scope and spirit of the invention in its
broader aspects. Although the invention has been described herein
with reference to particular means, materials and embodiments, it
is understood that the invention is not limited to the particulars
disclosed herein, and that the invention extends to all equivalent
structures, methods and uses which are within the scope of the
appended claims. For example, any of the signal level changing
devices describe herein in conjunction with each of the various
embodiments may be implemented with either a variable attenuator or
a variable gain amplifier, or any combination including one or
both. Additionally, any of the control signals and output signals
of the various disclosed system elements may be implemented in
either analog or digital form; and the dynamic range enhancing
system may be implemented without a preamplifier (e.g.,
preamplifier 24) present at its system input, or alternatively
without a preamplifier (e.g., preamplifier 28) present at the input

to the second level changing device.
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what is claimed is:
1. A dynamic range enhancing system for increasing the

dynamic range of a transmission link, said system comprising:

control means for detecting, at an initial position along
said transmission link, the level of a transmit signal adapted to
be transmitted over said transmission link, and for controlling a
first signal level changing means and a second signal level
changlng means in response to the detected level; and

said first signal level changing means comprising means
for processing said transmit signal before transmission over said
link, and said second signal level changing means comprising means
for processing said transmit signal after transmission over said
link.

2. The dynamic range enhancing system of claim 1, wherein
said first and second signal level changing means and said control
means comprise means for changing the level of said transmit signal
in a coordinated fashion.

3. The dynamic range enhancing system of claim 2, wherein
said first and second signal level changing means each respectively
comprise first and second outputs and means for changing the level
of the transmit signal present at said first and second outputs.

4. The dynamic range enhancing system of claim 3, wherein
said first and second signal changing means each comprise means for
changing the level of the transmit signal, at said first and second
outputs, within defined signal level changing ranges and respective
means for setting said first and second signal level changing means
to be at an end of said defined signal level changing ranges,
whereby each of said first and second signal level changing means
increases or decreases the level of the transmit signal at
respective first and second outputs by a maximum change in value
when set at an end of said defined signal level changing range.

5. The dynamlc range enhancing system of claim 4, wherein
said control means comprises means for controlling said first
signal level changing means and said second signal level changing
means to be set at respective ends of said defined signal level
changing ranges, when said detected level of said transmit signal
is below a first threshold.

6. The dynamic range enhancing system of claim 5, wherein

said control means comprises means for controlling, when said
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detected level of said transmit signal is below said first
threshold, said first signal level changing means to be at the most
increased end of said defined signal level changing range, whereby
the signal level present at said first output is at a maximum
possible value.

7. The dynamic range enhancing system of claim 6, wherein
said control means comprises means for controlling, when said
detected level of said transmit signal is below said first
threshold, said second signal level changing means to be at the
most decreased end of said defined signal level changing range,
whereby the signal level present at said second output is at a
minimum possible value.

8. The dynamic range enhancing system of claim 2, wherein
said control means comprises means for controlling said first
signal level changing means to decrease the level of the transmit
signal present at said first output by an amount approximately
equal to the amount by which said detected level exceeds a -first
threshold value, when said detected level is above said first
threshold value.

9. The dynamic range enhancing system of claim 8, wherein
said control means comprise means for concurrently controlling said
second signal level changing means to increase the level of the
transmit signal present at said second output by an amount
approximately equal to the amount by which said detected level
exceeds said first threshold value, when said detected level is
above said first threshold value.

10. The dynamic range enhancing system of claim 8, wherein
said control means comprise means for controlling said second
signal level changing means to be at the most increased end of said
defined signal level changing range, whereby the signal level
present at its output is at a maximum possible value, when said
detected level of said transmit signal is above a second threshold
which is greafer than said first threshold.

11. The dynamic range enhancing system of claim 9, wherein
said transmission link comprises an optical link.

12. The dynamic range enhancing system of claim 11, wherein
said system further comprises time delay means to compensate for
time delays caused by said control means.
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13. The dynamic range enhancing system of claim 11, wherein
said system further comprises service channel transmission means
for conducting maintenance communication across said transmission
link.

14. The dynamic range enhancing system of claim 11, wherein
said control means further comprises a time division multiplexed
(TDM) or frequency division multiplexed (FDM) control interface.

15. The dynamic range enhancing system of claim 11, wherein
said control means comprises a plurality of controllers, said first
signal level changing means comprises a first set of signal level
modifiers, and said second signal level changing means comprises a
second set of signal level modifiers, and further wherein each of
said controllers and modifiers is adapted to separately and
independently provide dynamic range enhancement for respective
separate frequency bands of said transmit signal.

16. The dynamic range enhancing system of claim 15, wherein
said first and second sets of signal level modifiers are identical
in number.

17. The dynamic range enhancing system of claim 15, wherein
said system comprises a respective filter for each of said separate
frequency bands of said transmit signal, and further wherein the
system comprises a combining network connected to the input of said
transmission link and a splitting network connected to the output
of said transmission link.

18. The dynamic range enhancing system of claim 1, wherein
said control means comprise means for producing first and second
control signals to respectively control said first and second level
changing means.

19. The dynamic range enhancing system of claim 18, wherein
said control means further comprise means for transmitting
information containing said second control signal over said
transmission link.

20. Thé dynamic range enhancing system of claim 18, wherein
said system further comprises a modulator for modulating said
second control signal to produce a modulated version of said second
control signal and a demodulator for demodulating said modulated
version of said second control signal to produce a demodulated

version of said second control signal.
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21. The dynamic range enhancing system of claim 20, wherein
said demodulator further comprises bias control means for
performing an operation on said demodulated version of said second
control signal and, based on said operation, outputting a bias
control signal which is proportional to said detected level of said
transmit signal.

22. The dynamic range enhancing system of claim 21, wherein
said system further comprises a power amplifier connected to an
output of said second signal level changing means, said power
amplifier comprising a bias control port, and further wherein said
bias control means further comprises means for connecting said bias
control signal to said bias control port.

23. The dynamic range enhancing system of claim 20, wherein
said demodulator further comprises bias control means for
determining if said demodulated version of said second control
signal is below or above a predetermined threshold value.

24. The dynamic range enhancing system of claim 23, wherein
said bias control means comprises means for outputting a signal
having a first value when said demodulated version of said second
control signal is below said predetermined threshold value and
having a second value when said demodulated version of said second
control signal is above said predetermined threshold value.

‘25. The dynamic range enhancing system of claim 24, wherein
said system further comprises a power amplifier connected to an
output of said second signal level changing means, said power
amplifier comprising a bias control port, and further wherein said
bias control means further comprises means for connecting said bias
control signal to said bias control port.

' 26. The dynamic range enhancing system of claim 18, wherein
said system further comprises means for measuring the level of said
second control signal and affecting the control of said second
signal level changing means.

27. Thé dynamic range enhancing system of claim 18, wherein
said control means further comprises means, including a variable
attenuator, for remotely verifying the proper operation of the
system and determining the dynamic range of said system.

28. The dynamic range enhancing system of claim 18, wherein
said second control signal which is transmitted over said
transmission link comprises an FM/FSK control signal modulator.
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29. The dynamic range enhancing system of claim 18, wherein
said second control signal which is transmitted over said
transmission link comprises a PM/PSK control signal modulator.

30. The dynamic range enhancing system of claim 18, wherein
said second control signal which is transmitted over said
transmission link comprises an AM/ASK control signal modulator.

31. The dynamic range enhancing system of claim 1, wherein
caid transmit signal is an RF signal comprising a variable number
of input signals.

32. The dynamic range enhancing system of claim 1, wherein
said dynamic range comprise a usable RF input signal range of the
transmission link.

33. The dynamic range enhancing system of claim 1, wherein
said control means comprise means for measuring the instantaneous
composite power level of said transmit signal before transmission
over said transmission link.

34. The dynamic range enhancing system of claim 33, wherein
said control means comprise means for monitoring the power level of
said transmit signal before pre-transmission processing by said
first level changing means.

35. The dynamic range enhancing system of claim 1, wherein
said control means comprise means for measuring the total average
(RMS) RF signal level of said transmit signal before transmission
over said transmission link.

36. The dynamic range enhancing system of claim 1, wherein
said control means comprise means for approximating the number of
high level signals present in said transmit signal and measuring
the resultlng second-order intermodulation products.

37. The dynamic range enhancing system of claim 1, wherein
said first signal level changing means are positioned at an input
jocation of said transmission link, and wherein said second level
changing means are positioned at an output location of said
transmission link.

38. The dynamic range enhancing system of claim 1, wherein
said transmission link comprises means for transmitting a signal
from a first location to a second location remote from said first

location.
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39. The dynamic range enhancing system of claim 1, wherein
said first signal level changing means comprise a variable
attenuator.

40. The dynamic range enhancing system of claim 1, wherein
said second signal 1level changing means comprise a variable
attenuator.

41. The dynamic range enhancing system of claim 1, wherein
said first signal level changing means comprises a gain controlled
amplifier.

42. The dynamic range enhancing system of claim 1, wherein
said second signal level changing means comprises a gain controlled
amplifier.

43. The dynamic range enhancing system of claim 1, wherein
one end of said transmission link is coupled to one or more of
radio channel transceivers and receivers and a second end of said
transmission link is coupled to a remote antenna.

44. The dynamic range enhancing system of claim 1, further
comprising a tandem combination of at least one amplifier and at
least one attenuator coupled to a first input location of said
transmission link, said tandem combination comprising said first
signal level changing means.

45. The dynamic range enhancing system of claim 44, wherein
said tandem combination comprises a first pre-amplifier, a first
attenuator, a second pre~amplifier, and a second attenuator,
connected in cascade.

46. The dynamic range enhancing system of claim 45, wherein
said control means comprises a directional coupler, monitor means,
a DC processor, an AC processor, combining means for processing and
combining signals output by said DC processor and said AC
processor, and attenuator control means for controlling attenuation
values of at least one of the attenuators in said system, wherein:

said directional coupler is connected to an output of
said first preamplifier, and is adapted to feed an amplified sample
of said transmit signal to said monitor means;

said monitor means is adapted to receive said amplified
sample and provides a rectified version of said amplified sample in
the form of a video signal, having a bandwidth typically greater
than 1 MHz;
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said DC processor comprises means for providing a DC
measurement signal of said video signal, wherein said DC
measurement signal is proportional to the instantaneous composite
RF level at the output of said first preamplifier; and

said AC processor comprises means for providing an AC
measurement signal based on an AC analysis of said video signal,
wherein said AC measurement signal is indicative of the
instantaneous second order intermodulation products generated by
said monitor means.

47. The dynamic range enhancing system of claim 1, wherein
said system further comprises a downward frequency converter for
converting said transmit signal to a lower frequency before
transmission over said link.

48. The dynamic range enhancing system of claim 47, wherein
said system further comprises an upward frequency converter for
converting said transmit signal to a lower frequency after
transmission over said link.

49. The dynamic range enhancing system of claim 48, wherein
said downward frequency converter comprises means for acting on
said transmit signal before processing by said first signal level
changing means.

50. The dynamic range enhancing system of claim 47, wherein
said transmit signal is transmitted over said transmission link
from a side of said transmission link which is connected to a
remote antenna.

51. The dynamic range enhancing system of claim 47, wherein
said transmit signal is transmitted over said transmission link to
a side of said transmission link which is connected to a remote
antenna.

52. The dynamic range enhancing system of claim 46, wherein
said downward frequency converter comprises means for acting on
said transmit signal before processing by said first signal level
changing means, and said upward frequency converter comprises means
for acting on said transmit signal after processing by said second
signal level changing means.

53. The dynamic range enhancing system of claim 1, wherein
said control means is connected directly to said first and second

signal level changing means.
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54. The dynamic range enhancing system of claim 1, wherein
said control means is connected directly to said first signal level
changing means and is connected indirectly to said second signal
level changing means via said transmission link.

55. A process for increasing the dynamic range of a
transmission link, said process comprising:

detecting the level of a transmit signal adapted to be
transmitted over said transmission link; and

in accordance with the detected level of said transmit
signal and within parameters set forth by a set of control
instructions, modifying said actual transmit signal at first and
second locations along said transmission link.

56. The process according to claim 55, further comprising:

creating a table of values having a plurality of signal
level codes representing the detected level of said transmit
signal, said table also having a plurality of signal level
modification codes, respectively corresponding to said signal level
codes; and

defining said set of control instructions to set forth
certain parameters, said set of control instructions being
established as a function of said detected level of said transmit
signal.

57. The process according to claim 56, further comprising:

approximating the number of high level input signals that
are in said actual transmit signal, and determining whether said
approximated number of signals are within a first range of values
or a second range;

separately modifying said actual transmit signal at first
and second locations along said transmission link according to a
first configuration when said approximated number of signals are
within said first range; and

separately modifying said actual transmit signal at first
and second loéations along said transmission link according to a
second configuration when said approximated number of signals are
within said second range.

58. The process according to claim 57, wherein said first
location is adjacent to an input of said transmission link and said

second location is adjacent to an output of said transmission link.
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59. A process for increasing the dynamic range of a
transmission link, said process comprising:

monitoring, at an initial position along said transmission
link, the level of a transmit signal which is adapted to be
transmitted over said transmission 1link, and based upon the
monitored level, independently controlling the level of said
transmit signal at a first location before the transmission link
and at a second location after the transmission link.

60. The process of claim 59, wherein said process, during
controlling, carries out a pre-transmission processing of said
transmit signal at said first location, and carries out a post-
transmission processing of said transmit signal at said second
location.

61. The process of claim 59, wherein independently controlling
said level includes transmitting information over said transmission
1ink to control the level of said transmit signal at said second
location.

62. The process of claim 59, further comprising decreasing
the level of the transmit signal at said first location by an
amount approximately equal to the amount by which said detected
jevel exceeds a threshold value, when said monitored level is above

said threshold value.
63. The process of claim 62, further comprising concurrently

increasing the level of the transmit signal at said second location
by an amount approximately equal to the amount by which said
monitored level exceeds said threshold value, when said detected

level is above said threshold value.



WO 92/21179 PCT/US92/03876

L /17
P
2.1 db 12 THIRD-ORDER
|6 NOISE HGURE 20 \ |NTEROEPT |8
INPUT NOISE 10 MODULATOR/ OUTPUT NOISE
-125.5 dBm \| PRE- LASER DIODE/ -155 dBm
e L fom
/ ODETECTOR ___Y TERNoDuLATION
37 dB RF GAIN 27 dB RF L0SS -115.5 dBm
2-TONE 2-TONE
INPUT N QUTRUT
- ]
e TONE 6 //) SPURIOUS-FREE  pacrone
# 18" DYNAMIC RANGE
F1g- |

PRIOR ART



WO 92/21179 PCT/US92/03876

2717
SYSTEN o8
RF INPUT 2 30 SISTEN
2 26 34+, RF OUTPUT
PRE= 5L ATTENUATOR | [ g N IoSION MR- ~{ATTENUATOR
ANP | (/"
s 38
- 35
36 43b
POWER DETECTOR/
7 CONTROLLER
43c
43a f

42




WO 92/21179
3/ 17
SYSTEN
RF INPUT ,
” 32 26 /22
R 40"l TOR/
PRE- LASER DIODE OR LED
pal: _]2‘,’,'9 OPTICAL LINK /
36 , anoronzrscm
3 |26
CONTROL
SONAL. |- —44
MODULATOR
43b 43
N LT

o/

PCT/US92/03876

SYSTEN
RF OUTPUT

POWER DETECTOR/

CONTROLLER

CONTROL
SIGNAL
DEMODULATOR

| %




WO 92/21179 PCT/US92/03876

4 /17
R WP
28 SYSTEN
3\ 24 @2 26 ez X 34 RF OUTPUT
o\ |\ Dot e d) i %
K{("EJ" ATTENUATOR OPTICAL LINK/ K’I}IE)‘ ATTENUATOR
r PHOTODETECTOR |
CONTROL
NONLATOR| S
44 DEMODUIATOR\
43b 43¢ | a5
POWER DETECTOR/
CONTROLLER
oy

2/

Fig- 4



WO 92/21179 PCT/US92/03876

5/ 17
A NPT 2
48 30. 28
24 g a 32 / 22
N L \[NuARY e
FRE- rr ATTEN |1 OPTICAL LINK/
iy PHOTODETECTOR
| 33
36 CONTROL
44 SIGNAL
DEMODULATOR
43b 43c J 4‘16
POWER DETECTOR/
L7 CONTROLLER
43a )
42

Fia- 5



WO 92/21179 PCT/US92/03876

6/ 17

oap (32
SYSTEM (929 55, 5 32b (26 /22 30
RFINPUTS A\l

- "} Lououuwon/>
ATTEN - LASER DIODE /

36 N2D

DIR | ]

Cp ;ATTEN
24a L

I | OPTICAL LINK/
=1 &5 ={PHOTODETECTOR
54 55a 63b \ |163c ~26'
| SIGNAL SIGNAL
VIOED DETECTOR] ¢ [UNIT ||| NODULATOR |44 DENODULATOR
55p 96 \6le~ 63d 46
DC PROCESSOR[ PROCESSOR} 63a

AC PROCESS(R7 CONBINER |—60

/’58/ 6lb
42




WO 92/21179 PCT/US92/03876

7717

ENERGY
~ BPFy ™ DETERMINER
ENERGY
t= BPF2 [\ DETERMINER
s
. L LPROGESSOR
>t ' * © %= COMBINER
(o] \
\ 0
. \ CLOCK
ENERGY
¢~ BPFn =\ DETERMINER
THRESHOLD _r
—=IDETECTOR
\ . J
59

r19 - 6a



WO 92/21179 PCT/US92/03876

8/17
SYSTEN
SYSTEN RF OUTPUT
o 20 3 % 0 R Muse
RECENVE ANTENNAS 24b3 e [ 52b ) RECENERS
DIR ok [\ A LR e
p [JTEN /e 109 OPTICAL LINK | (Co N
36V/,,7 — PHOTODETECTOR 3
Zhal LN R
RF AMPLIFIER/ RF SIGNAL
/|VioEo Lol i GO | (SALITR DENODULATOR
sal SiG |
UG PROGESSOR ] PROGESSTR] (NODULATOR a0 -4 47
TON_OR FON
L{ACPROCESSOR |—CONBINER | (TN TRl CONTROL
58— T ITERFACE INTERFACE
60 ] )
4la 41b

Fig- 7



PCT/US92/03876

WO 92/21179

9/ 17

c6

b6 z
dHY _
43IM0d 8 614
_ id8— 06
! i /ot
I9VINILNI ERTTETI] 09 /88
oy N0 SN0 | I"y3wm00] (05530004 OV
* ] $9. bb_ ,_..e.Lljaoz ¥0553904d —{40553208d 94
YOLVINOONI] m ) A e 96~
‘=N AYTIRSO 1=- X ¥013130 030IA
°871" o 3 - FyovNaLy sﬁz% J43HNdNY W PS
§ | \T0ULNG) 99 —1 1531- 138 a
= ‘ op2
SN T wial 0T H wd _EE H o
v manany ([ D 28~ o8
4 SYIL LINSNVHL
v 3304 "2 “deg (22 0257 3118 TH)
10 98 i
104100 44 i

N31SAS



WO 92/21179 PCT/US92/03876
10717
oot oAl
68 CONTROL
OO NP ) sion 800 70q (CONT
r * MODULATOR
I ! 720\
BAND /720
' 75a RE
! FILTER
| _T RF T |
| [couamm RF |
1 RF & 22SPLITTER~| (L )/ |
e E zsrgggkg{%%g % :__;‘ '
| CONTROLLER OR LED/ GAIi - i TT!OE}J
CONT SIGNAL
78 AMP DE“ODULATOR
gl
2 I
| ]
| ' ;
| R / / | |
e " HODULATOR 8b |
! | [POWER DETECTOR/]! 1
] CONTROLLER | T —
- rf__"""l DENODULATOR* — — — T —
GAl 70b
68b" coNT
ANP




WO 92/21179 PCT/US92/03876

inz17

ri1g- 10
PRE-TRANSMISSION PROCESSOR

25
——{PRE-
2 B
24 CONTROL
SGNAL | A4
MODULATOR
POWER DETECTOR
. CONTROLLER
a2/
rig- 1l

POST-TRANSMISSION PROCESSOR

80
[
o’
| SNAL
DEMODULATOR |—*°

i




PCT/US92/03876

WO 92/21179

12 /717

1ndino 4t
40 44

wm/»
8

N\

Y3ILYIANOD

df
L

VNOILdO

b
i |

HY0LvVINAON
TVNOIS

T041N0D

Om\L

¥0553904d vdi1d0-1S0d

_-c8

405S3004d 91140 -34d

2l -b14
/v LNdNI Y
¥311041N09 Fhad LS
/40193130 ¥3IM0d mm/*
°eb | agb ¥31YIANOD
v Lyorvingon UL
TVNIIS L
1041N0)
o2
¥0193130010Hd Ty
/3NN TVOILdO A
/03740 30010 43SV -34d
J40LY1AAON ob 4
Y b2




WO 92/21179 PCT/US92/03876

13 /717

rig- |3

SYSTEN
RF INPUT 30 28 SYSTEM

24 %6 e 34 RF OUTPUT
RF MODULATOR / RE N\ | 8
\ PRE- LASER DIODE OR LED/ |/ 1ope .

ANP ATTENUATOR ] GPTICAL LINK / ATTENUATOR

PHOTODETECTOR AMP
43 b\I 42

S 43¢
POWER DETECTOR
7] CONTROLLER |/
43a
I =104

pPROCESSOR |—— 100

A

MEMORY

LOOKUP — 102
TABLE




PCT/US92/03876

WO 92/21179

14717

bl_-6ig a9

\mm

oo—] vaNIgn0d N §055390Md 9V

219

i o0 \ 1408530084 mswm_gs 90

HOIVINGON30 b d_ g _og | ~999
4oV INaon| [ LTn

o1 _TvNaIs SIS H10uiN 193130 030IA

9|  10uIN0 ugp 0 ol 104INC) G WTETE L L

b
ag9

d0 o3 29 41z 7%

W0I93 1300107

7¥N1 V9110 m
/30010 § nawuvk< Hwauwl

damaid j 1Lu0 og
diougpgc+ og [TV \ d10 wgp gp+ 92€ w
ve gl g asy1 921 ™ gapor [0 'y

. 22 ¢d0sspnd 92e
INGP I LI Jnar el




PCT/US92/03876

WO 92/21179

15717

G -b1 4

. HNI
UM 104100
a0 L1 a0 L g ol g L1 95V)
ap bl
3510N
N/s . . ave 10d100
gA- gz §AUI- G88-  §l6- OIl- 95v)
| 02
Pe @ | 7winawairdo m).a
N3LLV uid /30010 Y35V 1 {N3LLY MLV o
mmu ap 9i- OE|/ MV TGN 01} "o We-
gp 91 '92S 22— @p 12- o2 ap 0¢ f ap 9

V3 UgP G'PE- V3 WEP GOE- VA WEP Gll- gbe ose VI UAP G9b-

L
ar L ap LUl ap Soi ap ¢l VIS

o
obe



PCT/US92/03876

WO 92/21179

16 717

YNl
YNl 1ndL00
4P 6'SL ap GGl ap 06 ap ol "IV
ar Ul 3SI0N
N/S 22 104100
¢0l-  G66- GG~ w 66- GP8- 9°1l- ISV
ve e [T el e
et il iyt < 1 < K
8e 3 oE M - #8-ozg/
® 5% gy azg ®iz- 92T " apog  CCS @p9IobZ
V3 ugp Ge- 'yyuwgp ¢ge- v ugp SNl - V3 wgp GE-
NI
g L ap 1l ap 06 gp Ol 39vIS

S1NdNI 'v3 wgp Gg-OMlL

9l

-b617




PCT/US92/03876

WO 92/21179

17717

YN 104100
g bl op L ap g8 gp 201 "35V9
8 Ll 3SI0N
N/S - 1nd100
6°101- 3@- @©s  go- o 0i- 688~ ppo. 9HI - I
o [P T
,__m__|m. 730010 §3SV ] MLV
/B0IVINGON @1 o¢
BEX gpz- @py O o oTo2/@Psl- gpog PO \ PoNp o
V3 wgp Gpe- 'VIwgp Gee-  YIwgp GlI- o2/ V3 WP I¢-
UHI
g LU ap 98 ap 201 39VIS

SINdNI 'V3 WHP |1 -OM1L

2l -big




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US92/03876

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(5) :HO4B 3/02, 1/18
US CL  :455/249.1, 289, 291

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

uUs. :

Minimum documentation searched (classification system followed by classification symbols)
455/249.1, 289, 291, 13.4, 70, 234.2, 235.1, 253.2, 282

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US, A, 4,553,105 (SASAKI) 12 November 1985. See entire document. 1-10, 18, 27, 31, 35,

Y 37, 39, 40, 43, 44,
53, 55, 59. 60, 62, 63
11, 17, 28-30, 34, 36,
38, 41, 42, 45, 47-51,
56

A US, A, 4,270,222 (MENANT) 26 May 1981. See Figure 1. 1-63

A US, A, 4,665,560 (LANGE) 12 May 1987. See Figure 1. 1-63

A US, A, 3,619,786 (WILCOX) 09 November 1971. See Figure 8. 1-63

D Further documents are listed in the continuation of Box C.

D See patent family annex.

. Special categories of cited documents: T P‘:dmwwlﬂermmmwczl:;dmorpmmy
and not in conflict with the application to understand the
A" document defining the general state of the art which is not considered
10 be part of part  levance principle or theory underlying the invention
o . . . . . x* document of particular relevance; the claimed invention cannot be
E earlier document published on or after ths international filing date considered novel or cannot be considered to involve an inventive step
o document which may throw doubts on priority clain(s) or which is when the document is taken alone
date of another citation other
:::-tlo Mmﬂ W&‘ pubﬁdl;mon ¢ or Y document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
0" document referring to an oml disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to & person skilled in the ast
P document published prior to the interoational filing date but Iatec than  #ge document member of the same patent family
the priority date claimed

Date of the actual compietion of the international search

20 AUGUST 1992

Date of mailing of the international search report

200071992

Name and mailing address of the ISA/
Commissioner of Patents and Trademarks

Authorized ofﬁceM ; z

Box PCT R
Washington, D.C. 20231 : CHI PHAM
Facsimile No. NOT APPLICABLE Telephone No.  (703) 305-4378

Form PCT/ISA/210 (second sheet)(July 1992)k




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

