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FREQUENCY DIVISION MULTIPLEXER AND MODULATOR BACKGROUND OF THE INVENTION 1.
Field of the Invention  This invention is directed to RF cellular and
personal communications systems. More particularly, it is directed to base
stations for such systems operating in a multipath transmission and
reception environment. 2. Description of the Related Art  RF cellular and
personal communication service systems (hereinafter referred to
collectively as "PCS systems") typically operate with one or more fixed
base stations and a number of low powered portable terminals. When a
portable terminal is used, it establishes a communication session with a
base station. Although the portable terminal communicates only with the
base station, the base station. may service a number of portable terminals
at the same time. The base station may provide a virtual connection between
two currently active portable terminals, or it may provide a connection
between the portable terminal and a conventional telephone network or the
like. Radio waves typically travel from transmitter to receiver in several
different modes. For example, ground wave or surface wave propagation
occurs when radio waves impact the ground and propagate toward the receiver
through the Earth's surface due to its electrical conductivity. Sky wave
propagation   20 June 2003 _ -2occurs when space-bound radio waves from a
transmitter are refracted in the Earth's ionosphere and directed back
toward the receiver. Finally, space wave propagation includes t::e direct,
line-of-sight transmission of radio waves from transmitter to receiver as
well as reflected waves which bounce off the Earth's surface, natural
features or man-made objects one or more times before they reach the
receiver. Due to the particular dielectric characteristics of the Earth's
surface and ionosphere when. they serve as transmission media, the primary
mode of transmission in PCS systems is usually space wave propagation.
Since radio signals travelling in space propagation mode may be reflected
one or more times before reaching the receiver. For example, FIG. 1 shows a
typical personal telephone system in which two portable terminals 20 and 22
receive signals from a base station 24 by both line-of-sight propagation
and by scattering off a building 26 and a car 28, respectively. Since the
distance travelled by a line-of-sight signal and a scattered signal (or by
two scattered signals travelling on different paths) will differ, the
signals will be out of phase with one another at the receiver. If the phase
difference is an even multiple of n (corresponding to a delay of 360, 720,
etc. ), the result is constructive interference in which the composite
received signal is reinforced. Small multiples corresponding to a short
delay simply increase the effective signal strength of the composite
received signal; however, if the transmitted signal is modulated with,
e.g., digital data, large multiples corresponding to long delays can result
in an "echo" effect which 



20 June 2003 ' - 3  blurs the boundaries between adjacent modulated fields.
This effect is known as inter-strmbol interference. On the other hand, if
the phase difference is an odd multiple of n (corresponding to a 180, S40,
etc. phase difference), the two signals will be opposite in phase to one
another, and the received signals will completely cancel out one another)
Of course, phase differences that are not integer multiples of n will
result in partial cancellation of the received signal, a lower level of
inter-symbol interference, a reduction in the signal-to-noise ratio of the
received signal, and the like. One method of compensating for the
destructive effects of multipath wave propagation as described above
involves the use of diversity, or choosing one of two or more different
transmission paths which is superior in quality. The most common diversity
methods are frequency diversity, in which the best of a number of signals
transmitted at different frequencies is used polarization diversity, in
which the better of a horizontally polarized signal and a vertically
polarized signal is used; and space diversity or antenna diversity, in
which'the best signal transmitted (or received) using multiple antennas
separated by a number of wavelengths is used. Antenna diversity has proven
to be the most viable means of multipath propagation compensation in PCS
systems; however, its implementation is constrained by a number of factors.
For example, portable terminals in PCS systems are typically hand-held or
otherwise small-scale units which do not   20 June 2003 



- 4  readily permit effective physical separation of multiple antennas.
Moreover, the use of antenna diversity at the receiver requires the use of
accompanying circuitry to select the optimal received signal, thus further
increasing the size as well as the power consumption and cost of the
portable terminal. For these reasons, the use of antenna diversity at the
base station side is preferable. Although this technique provides the
lowest cost, size and power consumption characteristics for the portable
terminals, it requires relatively sophisticated signal path control at the
base station for reasons that will soon become apparent. The capacity of
most PCS communication standards is too limited for the system to be used
in a dedicated, one user per communication channel mode. For example, the
Digital European Cordless Telephone (DECT) standard provides twelve speech
channels per RF channel; the GSM standard provides eight; and the Personal
Handy Phone (PHS), Personal Digital Cellular (PDC) and IS54 digital
standards permit only three each. To be practical, therefore, some
technique must be used to increase the information-carrying capacity of
signals conforming to such standards. Two such methods are time division
multiplexing (TDHi) and frequency division multiplexing (FDM). A TDM signal
is divided into sequential frames, and multiple information signals (e. g.,
user voice signals) are each assigned a different, fixed time slot within a
frame. Each of the information signals is repetitively sampled at a point
corresponding to its time slot,   20 June 2003 -sand the frame based on the
samples is transmitted. When received, portions of the TDM signal
corresponding to time slots of each information signal are recombined with
each other to reconstruct the original signals. On the other hand, an FDM
signal contains a number of information signals which originally occupied
the same frequency band. The frequencies of the different information
signals are offset so they do not overlap with ore another and distributed
within the range of the FDM signal bandwidth. A familiar example of an FDM
signal is the AM radio band, in which an FDM signal having a bandwidth of
1070 kHz (from 535 to 1605 kHz) can simultaneously carry 107 signals each
having a 5 kHz bandwio'th, where each signal is separated from adjacent
signals by 10 kHz. These two techniques can of course be combined for
maximum information carrying capacity. For example, a PCS system which uses
an FDM signal frequency multiplexing four signals, each of which is a TDM
signal time multiplexing four user information signals can effectively
support sixteen users as shown in TABLE 1: 



Time SlotFrequency Channel A B C DIUser 1User 5User 9User 13IIUser 2User
6User ZOUser 14IIIUser 3User 7User 11User 15IVUser 4User 8User 12User 16
TABLE 1 ' If such a system is implemented using antenna   20 June 2003 - 6
diversity, frequent reallocation of users and time slots among frequency
channels may be necessary. For example consider an antenna diversity system
using two antennas 30 and 32 as showy. in FIG. 1. Users 5 and 7 may be at
physical locations where antenna 30 provides the best communication path,
and User 6 may be at a position where antenna 32 provides superior results.
In this case, Frequency Channel B must be directed to antenna 30 during
time slot I, redirected to antenna 32 during time slot II, and then
directed back to antenna 30 during time slot III. This switching must be
done with similar allocations occurring simultaneously on the other
frequency channels. Therefore, in any given time slot, a particular antenna
may be transmitting a11 frequency channels, only some of the channels, or
no channels at a11. Generally speaking, the base station may be required to
move from any arbitrary allocation of frequency channels to antennas at one
time slot to a completely different and unpredictable allocation at the
next time slot. Prior art frequency division multiplexers such as the one
shown in FIG. 2 are unable to perform such a function. In such
multiplexers, N TDM digital quadrature input channels C1 CN are each fed to
a respective quadrature modulator 341 - 34N. In the modulators, the
respective input channel C1 - CN is used to modulate a carrier signal F1 -
FN having a unique frequency from an associated local oscillator 361 - 36N.
The outputs of the modulators 341 - 34N are fed to a summing amplifier 38
which combines the signal s to produce an FDM output signal T, . where each
of the multiplexed components of the FDM signal T is a  



20 June 2003 digital TDbi signal.  One solution to the above problem is to
arbitrarily assign each of the frequency channels to one of the antennas.
For example, assume in the arrangement of TABLE 1 that Frequency Channels A
and B are assigned to antenna 30, while Frequency Channels C and D are
assigned to antenna 32. This avoids the need to dynamically reassign
frequency channels to antennas; however, it reduces system efficiency in
the process. For example, during Time Slot II, if antenna 30 provides the
best communication path for Users 2 and 6 and antenna 32 provides the best
communication path for Users 10 and 14, a11 is well. If, however, User 10
is also best served by antenna 30, the system cannot accommodate a11 three
users with the two frequency channels assigned to antenna 30, and one of
the users' signals would be transmitted under less than optimal conditions.
SUMMARY OF THE INVENTION In view of the above problems, it is an object of
the present invention to provide a method of dynamically allocating users
of a communication system to communication channels and transmission
facilities thereof which places only minimal constraints on system
efficiency and protocol usage. It is another object of the present
invention to provide a circuit for dynamically allocating users of a
communication system to communication channels and transmission facilities
thereof which has a minimal impact on system efficiency, complexity and
power consumption.   20 Jung 2003 jt is - 8 P~ovjde a r a fur`her object of
th 
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20 June 2003 g Other objects and features of the invention will appear in
the course of the description thereof, which follows. BRIEF DESCRIPTION OF
TEE DRAWINGS Additional objects and advantages of the present invention
will be mere readily apparent from the following detailed description of
preferred embodiment thereof when taken together with the accompanying
drawings in which: FIG. Z shows multipath propagation conditions in a
typical PCS system; FIG. 2 is a block diagram of a typical frequency
division multiplexer according to the prior art; FIG. 3 is a block diagram
of a PCS base station according to a first embodiment of the present
invention; FIG. 4 is a block diagram of a DRFDMZ according to the first
embodiment; FIG. 5 is a schematic diagram of an input amplifier and switch
subcircuit of the DRFDM2 of FIG. 4; FIG. 6 is a schematic diagram of an
output amplifier subcircuit of the DRFDMZ of FIG. 4; FIG. 7 shows the
signal combining operation of the DRFDM2 of FIG. 4; FIG. 8 is a block
diagram of a DRFDM2 according to a second embodiment of the present
invention; FIG. 9 shows a crosspoint switch used in the DRFDM' of FIG. 9;
and FIG. 7.0 is a block diagram of a DRFDM2 according to a   



20 June 2003 - - 10  third embodiment of the present invention. DETAILED
DESCRIPTION OF THE PRESENTLY PREFERRED EXEMPLARY EMBODIMENT The prefer red
embodiments of the present invention are a hereinafter described with
reference to the accompanying drawings. In a base station transceiver
according to a first embodiment of the present invention, a DRFDM2 circuit
40 receives N digital input signal channels C1 - CN as shown in FIG. 1. The
input channels C1 - CN may be generated from, for example, audio signals
using appropriate pulse code modulation (PCM) circuits or the like . For
simplicity, such circuitry is not shown in FIG. 1; however, its structure
will be readily apparent to those skilled in the art. The DRFDM2 circuit 40
also receives N carrier signals from a bank of intermediate frequency (IF)
local oscillators 421 - 42N. The DRFDM2 circuit 40 modulates the carriers
as described below to generate two frequency division modulated IF signals
IF1 and IF2. Each of the signals IFl and IF2 may include one or more of the
carriers each modulated by a respective input channel C1 CN. The signals
IF1 and IF2 are combined with a signal from a radio frequency (RF) local
oscillator 44 in mixers 461 and 462, respectively. The FDM RF signals
therefrom are respectively fed to power amplifiers 481 and 482. Amplifiers
481 and 482 are preferably high efficiency power amplifiers which each
include 



20 June 2003 11 an integral low pass filter. The ou tputs of amplifiers 4B1
and 982 pass through circulators 50 1 and 50z and are radiated as
tranmistted radio signals via anten nas 521 and S22, respectively. The
function of each of circulator selectively direct incoming signal s 501 and
502 is to s at its transmitter port to its antenna port, and to direct inc
oming si nay Port to its receiver r g `s at its antenna po`t' In this wa
the operating in half dupze;~ mode Y~ when system is powerful transmit
signals are not passed to the receiv er where they might d front end. Also,
the circulators fe its sensitive 50I and 502 prevent received signals from
being passed to the t ., ra~.smitter, where they might be reflected and
subsequently de r g ade the received signal q,~ality at the receiver-
Preferably, the Ci the t rculators 501 and 502 are of ype disclosed in
United States Patent A 



08434,763 to Green, the con PPlication Serial No. tents of which, are
hereby .incorporated by reference. . Small parts of the signals from and
482 are tapped b power amplifiers 4a1 Y detectors 511 and 5I2. respective)
necessary, the controller can cause Y- Tf RF switches 531 and S32 to feed
the signals received b a Y ntennas 52z and 52z to the detectors 511 and 5I2
to monitor the condition of the antennas 521 and 52z, Otherwise, the RF sw'
itches 531 and 53z are le ft in the positions shown in FrG. 4 described
below) for diversity operations as When antennas 521 and 522 of t
transceiver receive signals from he base station portable terminals, they
pass via circulators 501 and 50~ to band pass f.zl~ers 541 and 542, low
20 June 2003 12 noise amplifiers 561 and 562, and mixer/IF sections 581 and
582 (if used) respectively. The FDM components of the outputs o~ mixer/IF
sections 581 and 582 are respectively processed by demodulators 6011 - 601V
using IF oscillators 621y - 621N and demodulators 6021 - 602N using IF
oscillators 62.,1 - 622N to the original PCM digital input channels R11 -
R1N and R21 - R2N. A controller (not shown) compares the signal quality of
corresponding pairs of signals R11 and R21, R12 and R22, etc. from antennas
521 and 522 and controls the DRFDM2 to direct the corresponding input
channel C1, C2, etc. to the antenna 521 or 522 which provides the best
signal path in the next time slot based on that comparison. 



It should be noted that while the above system implements antenna diversity
to obtain the best antenna for receiving a particular portable terminal's
transmitted signal, it can also implement antenna diversity to obtain the
best antenna for transmitting a signals to that terminal. This is because
frequency reciprocity typically used in PCS systems between the base
station and the portable terminal dictates that the transmit and receive
frequencies will be the same or nearly the same, i . a . , within. the same
frequency band. Therefore, an antenna which provides optimal reception of a
portable terminal signal will probably also provide optimal transmission of
a signal to that portable terminal at around the same time. Detailed
operation of the DRFDM2 40 is shown in FIG. 4, in which the input channels
C1 - CN are used by respective modulators 641 - 64N to modulate carrier
signals from local   20 June 2003 - 13  oscillators 421 - 42N. Each
modulated signal is fed to a corresponding balanced input amplifier/switch
subcircuit 661 66N (described in greater detail below) which amplifies the
meduiated signal and directs it to one of two balanced busses 681 and 682.
The signals on busses 681 and 682 are summed and amplified by output
amplifiers 701 and 702 (also further described below), respectively, to
generate IF sig::als IF1 and I F2 . Preferably, the signal path between the
input amplifier/switch subcircuits 661 - 66N and the output amplifiers 701
and 702 are balanced as described above beca~~se such circuits are superior
in their immunity to signal interference and fabrication processing
variations. In the input amplifier section 72 of a representative balanced
input amplifier/switch subcircuit 66 as shown in FIG. 5, the signal from
the modulator passes through an input bias network 74 to a differential
amplifier stage 76 which provides signal gain for the input signal as well
as unbalanced to balanced signal conversion. The balanced output of the
differential amplifier stage 76 goes to a source follower stage 78 which
provides a high current source for signal combiner networks in output
'amplifiers 701 and 702 (described in more detail below). The balanced
output of the source follower stage 78 is applied to switches 801 and 802
of switch section 80 which selectively present the amplified, modulated
signal at a pair of outputs connected to bus 681 or at a pair of outputs
connected to bus 682 based on two pairs of complementary control signals
20 June Z003 - I4  VT1/-VT1 and VTZ/-VTZ applied thereto from the
aforementioned controller. Using switch 801 as an example, when control
signal VT1 is high and its complement -VT1 is low, the series-connected
FETs are biased on and the shunt FET is biased off so that the switch 801
is in an "on" state; thus, the switch 801 has a low insertion loss and
passes the output of source follower stage 78 to the bus 681. When VT1 is
low and ~VT1 is high, the series-connected FETs are biased off and the
shunt FET is biased on so that the switch 801 is in an "off" state; thus,
the switch 801 has a high insertion loss, and the output of source follower
stage 78 does not appear on the bus 681. Since the control inputs carrying
signals VT1 and VTZ and their respective complements are not connected to
one another, the input signal may be isolated from both buses 681 and 682.
Tf it is known that a particular channel's input signal will always be
connected to either the 681 bus ox the 682 bus for any given time slot,
each control input can be connected to the complement of the other, i.e.,
VT1 connected to -VTZ and wTl connected to VT2, to reduce the number of
switch control lines for that particular channel by half. 



Because the common mode output voltage from the source follower stage 78
which provides drain and source bias to the FETs in the switch sections 801
and 802 is midway between VDD and ground, the power supply for the circuit
and its control voltages can be driven directly from CMOS-compatible
control logic for many GaAs FET IC technology switch transistors.
Preferably, the   20 June 2003 - 15  input amplifier/switch subcircuits
6n'1 - 66N are implemented using GaAs MESFET ICs for maximum performance;
however, Si MOS or BiCMOS technologies may also be used. As noted above,
the balanced buses 6B1 and 682 are connected to output amplifiers 701 and
70.,, and a representative output amplifier 70 is shown in FIG. 6. The
output amplifier 70 includes a differential pair amplifier stage 82
receiving the signals on a bus 68 and providing signal amplification and
balanced to unbalanced signal conversion. The output of the differential
amplifier stage 82 is fed to a single-ended open source source follower
stage 84 for output drive. The output of~ the source follower 84 is fed to
an IF mixer 46 as described above . With the operation of the input
amplifier/switch subcircuit 66 and output amplifier 70 in mind, the signal
combining operation of the DRFDMZ 40 can be better understood. FIG. 7 shows
the effective resistor network seen by the input signals C1 - CN when
electrically connected to one of the output amplifiers 70. Here, each input
amplifier/switch subcircuits 661 - 66N appears to its corresponding source
861 - 86N as a pair of resistances R1 - RN which correspond to the
resistors shunting the series-connected transistors in the switch sections
801 and 802, and the series-connected resistors on the input of the
differential amplifier stage 82 of the output amplifier 70 appear as
resistances Ro. Then, letting the voltage from source Ck be Vk and since
the effective circuit is symmertrical and VB =-VA, the   20 June 2003 - -
16  VA Vl + VA Vz t... + VA VN+ VA VB =O RS RS RS 2 R above equation
reduces to 



R VA=-Vg=  ( V1+VZ+...+VN) 3 R+Rs Thus, since a11 currents from the sources
861 - 86N flow into and out of the resistances Ro, a voltage drop
representative of the sum of the signals C1 - CN appears across them, and a
virtual ground is formed at the series connection therebetween. When the
number of input and outputs to be switched is relatively low, the DRFDMZ 40
as described above may be implemented as a single integrated circuit for
size and power consumption minimization. When a large number of inputs and
outputs must be switched and fabrication technologies do not permit
integration on a single chip, the DRFDM2 40 may be implemented with
modulators 64, input ampiifier/switch subcircuits 66 and output amplifiers
70 on different ICs. This approach also provides greater flexibility, since
the switching capacity of the DRFDM2 40 may be expanded in a modular
fashion. Typically, PCS base stations operate at frequencies in excess of
10 MHz, and at such frequencies GaAs FET circuits offers significant
advantages over other fabrication technologies in terms of signal path
distortion and isolation. Other potentially useful fabrication technologies
include silicon-oninsulator MOSFET and BiCMOS circuits. In a second
embodiment of the present invention, a   20 June 2003 -t DRFDMZ 40' shown
in FIG. 8 includes modulators 6911 - 64zN which are not connected to
dedicated, variable frequency local oscillators 421 - 42v; rather, each can
be selectively connected to one of a bark of fi:ced frequency local
oscillators 891 - 88N, each of which generates one cf the FDM component
frequencies. In this case, the input channels C1 - CN a=a supplied to the
modulators via a crossooir_t switch 90 (schematicall y shown in FIG. 9)
which can arbitrarily connect any of the N input channels C1 - CN to any of
the modulators 6411 - 642N. Also, the local oscillators 881 - 88N are
selectively coupled to the modulators 6411 - 642N via one-of-N switches
9211 - 922g and the outputs of modulators 6411 - 642N are fed directly to
the output amplifiers 701 and 702. The above-described second embodiment
eliminates the need for the input amplifier/switch subcircuits 661 - 66N
and variable frequency local oscillators 421 - 42ND however, to do so it
adds crosspoint switch 90 and one-of-N switches 9211 922N; further, since
the modulators 641Z - 642N are permanently connected to either output
amplifier 701 or 702, the dynamic reconfigurability of this version of the
DRFDMZ is somewhat restricted. Also, to handle the worst-case scenario
where a11 N input channels C1 - CN are connected to either output amplifier
701 or 702, it is necessary to connect N modulators to each of the output
a.~nplifiers 70I and 702; thus, the second embodiment may require twice as
many modulators as the first embodiment. As a further variation, a third
embodiment of the present invention combines the first embodiment's
variable   20 June 2003 - is  frequency local oscillators with the second
embodiment's crosspoint switch 90 as shown in FIG. 10. This DRFDMZ 40" has
the advantage of eliminating the one-of-N switches 9211 - 922N of the
second embodiment; heweve~, the local oscillators 9411 -942N must be
capable of variable frequency operat~.or.. Moreover, although the local
oscillators 4211 - 422N in the first embodiment only needed to be able to
change frequencies once every TDM frame, the local oscillators 9411 -942N
must be able to switch frequencies every time slot within the TDM frame.
Although the present invention has been fully described in connection with
the preferred embodiment thereof with reference to the accompary'_ng
drawings, it is to be noted that various changes and modifications will
become apparent to those skilled in the art. For example: 



-- while the above embodiments of the DRFDM2 use two FDM outputs, the
DRFDM2 may be readily adapted to accommodate any arbitrary number of
outputs; -- although the above embodiments are used in conjunction with
quadrature amplitude modulation, any appropriate modulation or encoding
technique can be used; -- while the above embodiments are used in
conjunction with the transmission of digital data, the DRFDM2 can be
readily adapted to accommodate analog data as well; -- while the above
embodiments are used in conjunction with quadrature ampl:.tude modulated
signals, the DRFDM' can be readily adapted to accommodate other amplitude,
frequency or phase modulation techniques as well;   20 June 2003 19  --
although the above embodiments are used in conjunction with ':DM input
data, the input channel signals need not be time divis'_on multiplexed; --
while the local oscillators in the above embodiments operate at IF
frequencies, RF oscillators may be used and the subsequent mixer circuitry
eliminated; -- although antenna selection in the above embodiments is
performed on the basis of monitored antenna receive signals, other
selection criteria may also be used; -- while the above embodiments have
been used to implement antenna diversity and thereby compensate for
multipath propagation distortion effects, the invention may be used with
other diversity techniques, and may be used to implement functionality
other than multipath propagation distortion compensation; and -- although
the above embodiments are implemented in a PCS base station, the invention
may be used in a wide variety of communication systems and in portable
terminals as well as base stations. Such changes and modifications are to
be understood as being included within the scope of the present invention
as defined by the appended claims.   20 June 2003 WHAT I5 CLAIMED IS - 20  



1. P.r. electronic circuit comprising: a plurality of Ioca1 oscillators
each generating a carrier signal; a plurality of modulators, each connected
to an output of a corresponding one of said plurality of local oscillatcrs
and modulating said carrier signal therefrom responsive to an input channel
signal applied to an input of said modulator to generate a modulated
signa'_; a plurality of switching means, each receiving a modulated signal
from a respective one of said plurality of modulators, for selectively
providing its modulated signal at one of a plurality of outputs of said
switching means responsive to a signal at a control input of said switching
means; and a plurality of summing means, each connected to a respective
output of each of said plurality of switching means, for summing signals
from said respective outputs and for generating an output signal
representative thereof. 2. The circuit of claim 1, wherein each of said
plurality of local oscillators has a control input and generates said
carrier signal responsive to a value of said control signal. 3. The circuit
of claim 1, said switching means comprising: an input amplifier receiving
and amplifying said modulated signal; and   20 June 2003 - 21  a switch
receiving said amplified signal and selectively providing said amplified
signal to an output of said switching means responsive to said signal at
said control input of said switching means. 4. The circuit of claim 3,
wherein: said amplified signal is a balanced signal comprising two
portions; ar~d 



said switc:~ comprises two sections, each of which switches one of said
portions. 5. The circuit of claim 1, wherein said outputs of said switching
means are balanced outputs. 6. A transmitter comprising: a source of plural
channels of input signals; processing means connected to said source for,
responsive to a control signal applied thereto, grouping said input signals
into a plurality of groups and generating a plurality of frequency division
multiplexed signals corresponding to said groups, each of said frequency
division modulation signals being representative of input signals in its
corresponding group; and radio signal generating means receiving said
plurality of frequency division multiplexed signals and generating a
plurality of radio frequency signals each representative of one of said
frequency division multiplexed signals; and   20 June 2003 - 22  a
plurality of antennas each radiating or.e of said radio frequency signals.
7. The transmitter o` claim 6, wherein: said plural channels of input
signals are time division multiplexed signals; and said processing means
includes local oscillators whose frequencies change synchronously with a
frame of said time division multiplexed signals. 8. The transmitter of
claim 6, wherein: said plural channels of input signals are time division
multiplexed signals; and said processing means includes local oscillators
whose 



frequencies change synchronously with multiplexed components of said time
division multiplexed signals. 9. The transmitter of claim 6, further
comprising: a plurality of demultiplexers, each connected to a respective
one of said antennas, for processing a signal received by its respective
antenna to generate demultiplexed signals corresponding to frequency
division multiplexed components thereof; and means for, for corresponding
ones of said demultiplexed signals from each of said plurality of
demultiplexers, determining an optimal signal among said corresponding
demultiplexed signals according to a predetermined criteria, and   20 June
2003 - 23  controlling said process;r.g means so that a rau;o fre~:ercy
signal having a component corresponding to sa=d correspond?ng o..^.es of
say demult;p! e:ced sigr:al s rs radiated rro:~ an a_^.ten:~a rece=J~::g
said cpt~~-~al s~gr.al. -~t Slg!?cl rrCC.~.551:?g SvSt:.!iL CCP--S'_i?~': a
So1_'= :? C. _ ~~ l_;? 1 , ~V O._ '_r':.^.u`.. Cf:~.Z:!~! S O- _~=Cle d~ v~
s~ or_ mult~ plea=_d data; and p.ocess;ng ~ean$ L~r rece;'r~~!g sa_d
~'L=a1, tv c= __ C^a^. a15, f.~'.rw.V_~g .c'y=OUpS C= Said l:l~tl~ C:_a:~_S
r5DC~5~~~ CO a Cont=O1 1=1~ L:u`., a_^_C Q^e~'d~`.1.^_C ? D1L:.= 1.'..='!
O~ --2CL:!CV C'1'T=S_.O:' P;i-1 t'_a! ~Xd Sly:la~5 c3C^ r2Dr'~Sc'':^O.L1~2
Of On? Oi Sald C'rOL~S wherein said processing means comprises a plurality
of modulators, each modulator corresponding to one of said input channels,
said modulators receiving said input channels and generating modulated
carrier signals representative thereof responsive to a first control input;
and a plurality of summing amplifiers, each receiving at least one of said
modulated carrier signals a.^.d generating a frecuency dm is~on multiplexed
signal representative thereof. 



11 . _ s_g^al process~ag svsce~r. o= cla_:,~. 10, c.rPe=a=n e?CP C' Sald
:a:C~L~ a~0=S 1.^_C;''~:.5 a C2'~_Cc~2C ~'JC~_ CSC_~ ' c~0= ~SvCi ..7 ~ /
._ l.J s~ _4 ~ _> > ~ `J .L-v _ ._ .i~~   20 June 2003 - 24  1~ . The
signal processing system e= claim 1~, wherein: said system further
comprises d plurdl;ty cf '~ocal oscillators each generating an unmodulated
car=ier signal; aad each of said modulators comprises~a switch supplying
one oL sa_d ur~odulated ca=r~er s~grais to a ~:odulation section Ci Said
:VOC:-latOr reSpOnsive t0 Sa?d first CCntr01 Input. 13. 'T'.^_e 517:1a1
JrOC..SS--?~ SySt2~;L Ci. C''_ail ~~ , LL!~tiler COm'3r'_51:!y^ a
U~L:~3lity C- S.JWCL?eS SeleCtlvel V Sup~1 Vi:'_g Said modal aLed carrier
si.~ al s from say d modulators to say d surn~-ri=;g amnlitiers resoor.siv=
to a second control snout. 14. ^he sigr_al prccessr ng sy st`m cf claim 10
, rLr ``per compris~r_g a crosspo~nt switch select~;vely supply?ng said
i.put Clla'n el S t0 Sad mOG',:latOrS reSrJOPSive t0 a SeCOnd COI'_~T_'O1
Input. 15, ~ m=thud of process~.ag si wnals, say d method comprising the
steps of: t~.~ne division mult~.alexrrg a pl u=arty of i~:cut signals to
prcd'uce a pluralsty of time d~ msior. mul t_p 1 exed sigr_al s; and
g~_^.erati. g a plurality of _rern:ency divisor. P'.ul C11 2.52.^.e.
Slg::a1 S, eaC:'1 r2p=25e:?t3tlLe GL t__".le d1v_S10C'! T;i:l `..1p1 2=Ced
S~C.^.~1 S -:1 52.=d ^1:=a' =L~! O. t=TLe Q1 J15iCi mL:l t_w~ WCed S=71131S
S21 eCted cCCOrY_:!C~ t0 3 COntr01 -':^_':t wherein said generat;ng step
comprises t`~e steps cf modulating a pl'a.rality cf carrier stgra_s with a
respective time dms~on multlaleXed signal to produce a r:lural_ty of
modulate carrier sr7nals; and generating each of said f_eq'.:ency division
muit~.plexed signals by suruning selec ted ores of sa~.d plurals ty of
modal ated ca:: r~er signals.   



20 June 2003 - 25  15 . T`:e ^ethod of clai^~ 15 , sald modulati^g step
comprlslrg the step of generating said plurality o~ carrier szgnals using a
plural i ty of variabl a frequency local osc~ il ators responsive to a pa=t
of said control input. 17. "_'h2 ILleLP.Od Or Cla'_ILl 15 , Sald I0.0CL:1 a
tl:lg St2p C;rT_IlDr'1S_ug t_`:? j=ep CL, =Or each Or Sdl.^~. i.l~.e
d1V1S10.^_ multiplexed signals, selecting ore cf a plural'_ty oy cGrrier
Si'~..~15 g2n2ratd Dy a plural'tV Of fiXed freGlienCV lOCal OSCillat0=S
reSpOnSiVe t0 a part Of Said COntr01 1.n1.7Llt. 18. T:~e ~.ethod of claim
15, said modLl=_Ling stew comprising a step of selectively providing,
responsive tc a part Of Sal d COntr01 input, each Of Sald time dlVisi On
multlpl cued slanals to one of said modulators. 19. The method oL clai_n
15, said generating step COIV:prlSing the Step Of, rGr each Of Sa'_d fre4;
11nCy' dlVlSlOn multipleXed slgr.als, selecting modulated cagier signals l
n said plurality of modulated carrier sign al s to be sum.~,ed tcgstr:er
20 June 2003 - 26 responsive to a part of said control input.
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