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WIDEBAND BASE STATION ARCHITECTURE FOR DIGITAL CELLULAR COMMUNICATIONS
SYSTEM Field of the Invention This invention relates generally to cellular
telephone systems. More particularly, the invention relates to an
open-architecture cellular telephone cell site base station disposed to
digitally process wideband communication waveforms. 5 Background of the
Invention Cellular telephone networks facilitate mobile communications
within a given geographic area by dividing the area into spatially
contiguous regions, or "cells". Each cell includes a base station, located
at a "cell-site," which services mobile 10 units within the cell. In
typical analog cellular networks, each cell is assigned a different set of
communication frequencies. The sets of frequencies assigned to adjacent
cells are different, and are typically not repeated except when cells are
separated by a sufficiently large "re-use" interval that interference
problems are unlikely to occur. In this way, each channel within the
cellular system may be 15  used at a plurality of cell sites
simultaneously, and the system is thereby enabled to support a number of
users exceeding the number of system channels. When a mobile unit travels
from one cell into another, the call is transferred, or "handed-off" from
the base station with which the mobile unit is in communication to the base
station within the new cell. This call handoff process 20  involves
switching the mobile unit from its existing frequency to a new frequency
allocated to the new cell into which the mobile unit is entering. The
handoff process is generally coordinated by a mobile switching center (MSC)
linked to each cell-site base station. In particular, the base station may
issue a handoff request to    WO 97/04612                              2
PCT/US96/11954 the MSC when the signal received by a given mobile unit
drops below a predefined threshold, which typically indicates that the
given mobile unit is nearing a boundary between cells. At this juncture the
MSC requests signal strength information from the base stations within each
of the cells, and determines which 5  base station is best able to handle
the call. When the base station within the "new" cell reports a stronger
signal strength, the call may be handed-off to the new base station. Each
cell site base station is typically outfitted with multiple pairs of
transmitter and receivers, each such pair being tuned to a particular
channel. 



10  When conventional analog equipment is used, each transmitter and
receiver pair requires dedicated filtering, mixing and amplification
circuitry. This is disadvantageous in that incremental cost is constant as
channels are added. In addition, if a complete set of channels are desired
to be made available, a channel switch or the like is employed to select
the transmitter-receiver pairs operative at 15  the frequencies assigned to
the cell. This is also disadvantageous, since those transmitter-receiver
pairs associated with unassigned frequencies are inefficiently idle.
Finally, conventional analog base station designs may not be readily
adapted to support the varying signal frequencies and formats peculiar to
different types of cellular systems. 20         Accordingly, there is a
need for a cellular base station in which each frequency channel is not
required to be provided with a dedicated transmitter and receiver pair. It
is further desired that the base-station signal processing hardware may be
efficiently allocated in response to changing patterns of user demand.
Finally, there is a need for a base-station architecture readily adaptable
for use in a 25  variety of cellular systems using various modulation
techniques. Summary of the Invention In summary, this invention comprises
an "open architecture" digital cellular base station capable of being
easily modified to support communication over a 30 variety of air interface
standards. In a preferred embodiment of the inventive base station there is
incorporated a wideband digital transceiver system having transmit and
receive sections.    2(1) the MSC when the signal received by a given
mobile unit drops below a predefined threshold, which typically indicates
that the given mobile unit is nearing a boundary between cells. At this
juncture the MSC requests signal strength information from the base
stations within each of the cells, and determines which base station is
best 5      able to handle the call. When the base station within the "new"
cell reports a stronger signal strength, the call may be handed-off to the
new base station. Each cell site base station is typically outfitted with
multiple pairs of transmitter and receivers, each such pair being tuned to
a particular channel. When conventional analog equipment is used, each
transmitter and receiver pair requires 10      dedicated filtering, mixing
and amplification circuitry. This is disadvantageous in that incremental
cost is constant as channels are added. In addition, if a complete set of
channels are desired to be made available, a channel switch or the like is
employed to select the transmitter-receiver pairs operative at the
frequencies 



assigned to the cell. This is also disadvantageous, since those
transmitter-receiver 15      pairs associated with unassigned frequencies
are inefficiently idle. Finally, conventional analog base station designs
may not be readily adapted to support the varying signal frequencies and
formats peculiar to different types of cellular systems. A digital base
station example is provided with reference to U.S. Pat. No. 20
5,289,464 where a filter bank is used to frequency multiplex inbound
signals to a desired demodulator and to frequency multiplex outbound
signals to an antenna. This type of structure has limitations similar to
the analog system. The filter bank analyzer isolates the inbound signal by
frequency and delivers a dedicated frequency to each demodulator.
Therefore, when a particular frequency is not being used, the 25
demodulator is inactive. For the outbound signals, the filter bank
synthesizer combines the modulated outbound signals. When a particular
frequency is not being used, the modulator is inactive. Additional issues
are raised when spread spectrum signals are desired. The inbound spread
spectrum signal must be reconstructed by obtaining parts of the inbound
information signal from different demodulators. The 30      outbound spread
spectrum signal must be constructed by using different modulators.
Accordingly, there is a need for a cellular base station in which each
frequency channel is not required to be provided with a dedicated
transmitter and    2(2) receiver pair. It is further desired that the
base-station signal processing hardware may be efficiently allocated in
response to changing patterns of user demand. Finally, there is a need for
a base-station architecture readily adaptable for use in a variety of
cellular systems using various modulation techniques. 5 Summary of the
Invention In summary, this invention comprises an "open architecture"
digital cellular base station capable of being easily modified to support
communication over a variety of air interface standards. In a preferred
embodiment of the inventive base 10      station there is incorporated a
wideband digital transceiver system having transmit and receive sections.
15 20 25 30 AMENDED SHEET 
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Within the transmit section of the base station, an input line interface
coupled to the public switch telephone network (PSTN) operates to multiplex
a plurality of input information signals onto a time-division multiplexed
(TDM) transmit bus. A plurality of digital transmitter modules are coupled
to the TDM 5  transmit bus, each of the digital transmitter modules being
operative to generate a set of wideband digital baseband signals in
response to a corresponding set of the plurality of input information
signals. The set of wideband digital information signals are applied to a
wideband summation network disposed to sequentially add the set of wideband
digital information signals into a wideband data stream. A 10  wideband
transmitter then operates to generate a wideband transmission waveform
using the wideband data stream. The receive section includes a wideband
receiver for: (i) receiving an incident composite signal, and for (ii)
generating a digital representation of the incident composite signal in the
form of a wideband digital data stream. The 15  wideband digital data
stream is applied to a wideband data bus, to which are coupled a plurality
of digital receiver modules. Each digital receiver module functions to
recover a set of digital output signals from the wideband digital data
stream, and to multiplex the set of digital signals onto a TDM receive bus.
An output line interface coupled to the PSTN is provided for distributing
the digital 20  output signals among a plurality of output signal lines.
Brief Description of the Drawings Additional objects and features of the
invention will be more readily apparent from the following detailed
description and appended claims when taken 25 in conjunction with the
drawings, wherein: Figure 1 is a functional block diagram of a cellular
telephone cell site base station of the invention; Figure 2 provides a
block diagram representation of a base station controller (BSC) included
within the inventive base station; 30         Figure 3 shows a block
diagram of a T1 interface module incorporated within the BSC; Figure 4
depicts the internal structure of an exemplary digital transmit (DTX)
module comprised of a plurality of DTX channel modules;    
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Figure 5 provides a block diagram of a single DTX channel module disposed
to process the voice signal within an assigned time slot of a TDM transmit
bus; Figure 6 provides a top-level diagram representative of signal flow
through 5 a DTX channel modulator; Figure 7 is a block diagrammatic
representation of a digital data modulator included within the DTX channel
modulator; Figure 8 depicts the manner in which a wideband transmitter
(WBTX) section of a wideband transceiver module operates to convert the
high-speed digital 10  data stream from a local transmit bus into an r.f.
signal for broadcast by an antenna; Figure 9 illustrates a wideband receive
(WBRX) section of a wideband transceiver module; Figure 10 shows the
internal organization of an exemplary digital receive 15  (DRX) module;
Figure 11 is a block diagram of a single DRX channel module operative to
process an assigned frequency channel; Figure 12 illustratively represents
the functional organization of a DRX channel demodulator; 20         Figure
13 provides a representation of the signal processing functions performed
within a voice reconstruction network of a DRX channel module; Figure 14
depicts an exemplary signal distribution scheme for use in diversity signal
reception by the inventive base station; Figure 15 is a block diagrammatic
representation of an exemplary VXI bus 25  modular realization of the
inventive base station; Figure 16A is a block diagram of a transmit portion
of a VXI module transceiver included; and Figure 16B is a block diagram of
a receive portion of the VXI module transceiver.    WO 97/04612
5                    PCT/US96/11954 Detailed Description of the Preferred
Embodiment I.    System Overview Figure 1 is a functional block diagram of
a digital cellular telephone cell site base station 10 for transmitting and
receiving information signals to and from a 5 plurality of mobile
transceiver units (not shown) in accordance with the invention. 



As will be appreciated from the following discussion, the inventive cell
site base station comprises an "open architecture" digital cellular base
station capable of being easily modified to support communication over
different air interface standards (e.g., AMPS, TDMA, CDMA). Although the
base station of the 10 invention will be described largely within the
context of an exemplary AMPS cellular system, appropriate explanation will
be provided as to the manner in which the base station may be adapted to be
compatible with other air interface standards. In an exemplary AMPS
embodiment, the base station antenna system 12 receives an incident
composite frequency-multiplexed signal comprised of a 15  plurality of
individual baseband signals from a corresponding plurality of mobile units.
Typically, each individual communication channel within the incident
composite frequency-multiplexed signal is spaced apart by 30 KHz, it being
understood that other spacings could be used. The antenna system 12 is
coupled to a wideband transceiver module comprised of a wideband receiver
module (WBRX) 20  section 16 and to a wideband transmitter (WBTX) section
18 through an antenna interface unit 20. In the exemplary embodiment of
Figure 1, the antenna system 12 comprises two omnidirectional antennas
disposed to provide coverage over the entire area of the geographic cell in
which is situated the base station 10. A description will 25  nonetheless
also be provided of an alternate embodiment in which the inventive base
station is configured for operation with a sectored antenna system (e.g.,
three 120 degree antennas). For sectored antenna systems, separate wideband
transceiver modules (each including WBTX and WBRX sections) are deployed
within the base station to service each sector. In addition, the manner in
which the 30  base station may be configured to support an implementation
in which diversity reception through a pair of receive antennas within each
sector will also be described.    WO 97/04612                           6
PCT/US96/11954 II. Receive (RX) Mode Operation After the incident composite
frequency-multiplexed signal has been received at radio frequency (r.f.) by
the antenna system 12 (Figure 1), the WBRX section 16 translates frequency
of the received r.f. signal to an analog baseband frequency. 5  The analog
baseband signal is then digitized into 12-bit samples by an analog to
digital converter (not shown), and the resultant data stream is provided to
a time-division multiplexed (TDM) local receive bus 24 operative at an
exemplary rate of 30.72 Msps. In Figure 1, the local receive bus 24 is
implemented as a 



standard VXI Local Bus as specified in VXI Specification, IEEE Standard
1155. In 10  embodiments of the base station in which a sectored antenna is
deployed, the data stream from the WBRX section of the wideband transceiver
module associated with each sector antenna are multiplexed into assigned
time slots on the local receive bus 24. As is indicated by Figure 1, the
local receive bus 24 provides the digitized 15  data from the WBRX section
16 to each of a set of M digital receive (DRX) modules 28. Each DRX module
28 includes a set of K digital tuners, each of which extracts a narrow-band
digital FM signal from the 30.72 Msps wideband data stream present on the
local receive bus 24. The narrow-band output of each tuner is formatted as
a complex data stream decimated to a rate of 80 Ksps. In an 20  exemplary
AMPS embodiment, the base station 10 includes up to five DRX modules 28
(i.e., M=5), each of which includes a set of twelve digital tuners (i.e.,
K=12). This allows up to sixty (MxK=5xl2=60) frequency channels to be
extracted from the incident composite r.f. frequency-multiplexed signal
received by the antenna system 12. In an exemplary TDMA embodiment, each of
the sixty 25  frequency channels are further time-division multiplexed into
three separate time slots, thereby allowing information to be received from
up to 180 (i.e., 60x3) mobile units (assuming full rate TDMA). Within each
DRX module 28, each of the K digital tuners is followed by a digital
demodulation network. Each digital demodulation network is disposed to 30
demodulate the signal provided to it in accordance with the way in which
the signal was modulated, which in the preferred embodiment comprises
frequency modulation (FM). Following demodulation, data or voice
information is extracted from each channel and placed in the PCM format
required for transmission over a    WO 97/04612
7                     PCT/US96/11954 standard T1 line. In the preferred
embodiment this involves performance of the following operations: (i) high
pass filtering, (ii) decimation, (iii) expansion, and (iv) de-emphasis
filtering. These processing steps are further described hereinafter. The
net result of these operations is the production of a standard 8-bit 5
"DS0" signal clocked at 8 KHz, hereinafter simply referred to as a DS0
signal. As is well known, each AMPS frequency channel inherent within the
incident frequency-multiplexed r.f. signal has impressed thereon a
Supervisory Audio Tone (SAT) signal. Accordingly, each of the K
demodulation networks within each DRX module 28 is also configured to
process the SAT signal 10  associated with each frequency channel. 



Referring to Figure 1, the DS0 signal produced by each of the K
demodulation networks within each of the M DRX modules 28 is inserted into
an assigned time slot on a TDM receive bus 32a. In the embodiment of Figure
1, the TDM receive bus 32a and a TDM transmit bus 32b together comprise a
15  bidirectional data bus equivalent to a VXI bus Trigger Bus, which is
described in VXI Specification, IEEE Standard 1155. As is indicated by
Figure 1, both the TDM receive bus 32a and the TDM transmit bus 32b are
coupled to a base station controller (BSC) module 36. The BSC module 36
operates as a system controller and provides an 20  interface for the base
station 10 to a mobile switching center (MSC) via a plurality of T1 trunk
lines 40. In the exemplary embodiment a set of eight T1 trunk lines 40,
each having 24 time slots, provide the capacity for up to 192 full-duplex
voice links to be established between the base station 10 and the MSC (not
shown). In what follows, terms such as "voice link," "voice signal" and
"voice information" 25  are intended to refer not only to speech
information, but also to data and the like transmitted over the T1 trunk
lines. In order to support the set of 192 voice links at a nominal 64 Kbps
rate, both the TDM receive bus 32a and the TDM transmit bus 32b are clocked
at an exemplary rate of 12.288 Mbps (i.e., 192 x 64 Kbps). In alternate 30
implementations, a set of six E1 lines may be used in lieu of the eight T1
trunk lines 40 coupled to the BSC 36.    WO 97/04612
8                    PCT/US96/11954 III. The Base Station Controller (BSC)
Figure 2 provides a block diagram representation of the base station
controller (BSC) 36. The BSC 36 includes a system controller 44, which
typically includes a 680EC40 [err]P together with standard RAM and ROM
memory capability. 5  The system controller 44 is linked to a T1 interface
module 46, a control bus interface 48, and optionally to an Ethernet
interface 50 and RS-232 interface 52 via an internal control bus 54. The
control bus interface 48 enables data to be transferred between the
internal control bus 54 and a VXI control bus 56. In the embodiment of
Figure 2 the internal control bus 54 comprises a 32-bit 68040 data 10  bus,
and the VXI control bus 56 is of the type specified by IEEE Std 1155. The
Ethernet interface 50 is designed to support communication with other base
stations over an Ethernet cable or the equivalent, and may be realized in
compliance with Ethernet version 2, IEEE 802.3 l0BaseT by using an AMD799X
LANCE chip set. Similarly, the RS 232 interface 52 facilitates external
monitoring 



15  and performance of diagnostics, and may also serve as a conduit through
which software is downloaded to the system controller 44. Turning now to
Figure 3, a block diagram is shown of the T1 interface module 46. The T1
interface module 46 includes a TDM formatter 60 operative to de-multiplex
the 192 time slots, carried at the exemplary rate of 12.288 Mbps 20  by the
TDM receive bus 32a, among a set of eight T1 outgoing interface paths 62.
Similarly, the TDM formatter 60 also serves to multiplex the incident voice
information from eight incoming T1 interface paths 64 into a 12.288 Mbps
serial stream for insertion upon the TDM transmit bus 32b. Each T1 outgoing
interface path 62 includes an elastic buffer 66 designed to 25  absorb
differences in frequency and phase between the TDM transmit bus 32b and the
outgoing T1 voice and control information. The outgoing T1 voice and
control information within each buffer 66 is framed within a standard T1
framer circuit 68, which places the outgoing T1 voice and control
information in the frame format required for transmission over the T1 lines
40. As is indicated by Figure 3, each 30  full-duplex T1 line 40 is coupled
to the BSC 46 through a pair of standard trunk line interface circuits 70.
Considering  now the eight incoming T1 interface paths 62 within the base
station BSC 46, voice information from the incoming portion of each
full-duplex THIS SHEET HAS BEEN I REPLACED    8(1) III. The Base Station
Controller (BSC) Figure 2 provides a block diagram representation of the
base station controller (BSC) 36. The BSC 36 includes a system controller
44, which typically includes a 680EC40 [err]P together with standard RAM
and ROM memory capability. 5      The system controller 44 is linked to a
T1 interface module 46, a control bus interface 48, and optionally to an
Ethernet interface 50 and RS-232 interface 52 via an internal control bus
54. The control bus interface 48 enables data to be transferred between the
internal control bus 54 and a VXI control bus 56. In the embodiment of
Figure 2 the internal control bus 54 comprises a 32-bit 68040 data 10
bus, and the VXI control bus 56 is of the type specified by IEEE Std 1155.
The Ethernet interface 50 is designed to support communication with other
base stations over an Ethernet cable or the equivalent, and may be realized
in compliance with Ethernet version 2, IEEE 802.3 l0BaseT by using an
AMD799X LANCE chip set. Similarly, the RS 232 interface 52 facilitates
external monitoring 



15     and performance of diagnostics, and may also serve as a conduit
through which software is downloaded to the system controller 44. Turning
now to Figure 3, a block diagram is shown of the T1 interface module 46.
The T1 interface module 46 includes a TDM formatter 60 operative to
de-multiplex the 192 time slots, carried at the exemplary rate of 12.288
Mbps by the 20      TDM receive bus 32a, among a set of eight T1 outgoing
interface paths 62. Similarly, the TDM formatter 60 also serves to
multiplex the incident voice information from eight incoming T1 interface
paths 64 into a 12.288 Mbps serial stream for insertion upon the TDM
transmit bus 32b. Each T1 incoming interface path 64 includes an elastic
buffer 66 designed to 25      absorb differences in frequency and phase
between the TDM transmit bus 32b and the outgoing T1 voice and control
information. The outgoing T1 voice and control information within each
buffer 66 is framed within a standard T1 framer circuit 68, which places
the outgoing T1 voice and control information in the frame format required
for transmission over the T1 lines 40. As is indicated by Figure 3, each 30
full-duplex T1 line 40 is coupled to the BSC 46 through a pair of standard
trunk line interface circuits 70.    8(2) Considering now the eight
incoming T1 interface paths-62. within the base station BSC 46, voice
information from the incoming portion of each full-duplex    WO 97/04612
9                     PCT/US96/11954 T1 line is passed by one of the
interface circuits 70 to a conventional defamer circuit 74. Each incident
stream of T1 voice information is defamed within one of the defamer
circuits 74, and is provided to one of the elastic buffers 66. The elastic
buffer 66 at the output of each defamer circuit 74 is designed to absorb 5
- differences in frequency and phase between the incident T1 voice
information and the TDM transit bus 32b. IV. Transmit (TX) Mode Operation
Referring again to Figure 1, the TDM transmit bus 32b provides the 12.288
10  Mbps multiplexed data stream from the TDM formatter 60 (Figure 3) to
each of a set of M digital transmit (DTX) modules 80. Each of the M DTX
digital transmit modules 80 include a set of K DTX channel modules (not
shown in Figure 1), each of which processes the voice signal within one of
the time slots of the TDM 



transmit bus 32b. In particular, each DTX channel module is disposed to FM
15  modulate a digital baseband carrier with its assigned stream of voice
information. In the exemplary AMPS embodiment, a digital Supervisory Audio
Tone (SAT) signal of either 5970, 6000 or 6030 Hz is injected into each
stream of DS0 voice data after FM modulation. After the injection of a
digital SAT tone into a given stream of DS0 voice 20  data, the following
steps are performed to effect FM modulation: (i) high-pass filtering, (ii)
compression, (iii) pre-emphasis filtering, (iv) signal limiting, (v)
interpolating, and (vi) low-pass filtering. The modulated signal stream is
then again interpolated to an exemplary sample rate of 30.72 Msps, and is
tuned to an assigned baseband frequency. 25        Each K DTX channel
module within a given DTX digital transmit module 80 sums its IF signal
with those of the preceding DTX channel modules. At the output of the
K[err] DTX channel module within each DTX transmit module 80, the signals
from each of the K DTX channel modules therein are added to a wideband
local transmit bus 84. The wideband local transmit bus 84 then proceeds to
the 30  next DTX module 80, which similarly adds thereto the signals from
its K DTX channel modules. Once the last of the M DTX channel modules
(i.e., the DTX channel module 80') has added its K signals to the wideband
local transmit bus 84, the bus 84 is routed to the WBTX section 18 of the
wideband transceiver module.    9(1) T1 line is passed by one of the
interface circuits 70 to a conventional deframer circuit 74. Each incident
stream of T1 voice information is deframed within one of the deframer
circuits 74, and is provided to one of the elastic buffers 66. The elastic
buffer 66 at the output of each deframer circuit 74 is designed to absorb
differences 5      in frequency and phase between the incident T1 voice
information and the TDM transit bus 32b. IV. Transmit (TX) Mode Operation
Referring again to Figure 1, the TDM transmit bus 32b provides the 12.288
10      Mbps multiplexed data stream from the TDM formatter 60 (Figure 3)
to each of a set of M digital transmit (DTX) modules 80. Each of the M DTX
digital transmit modules 80 include a set of K DTX channel modules (not
shown in Figure 1), each of which processes the voice signal within one of
the time slots of the TDM transmit bus 32b. In particular, each DTX channel
module is disposed to FM modulate a 15      digital baseband carrier with
its assigned stream of voice information. In the exemplary AMPS embodiment,
a digital Supervisory Audio Tone (SAT) signal of 



either 5970, 6000 or 6030 Hz is injected into each stream of DS0 voice data
after FM modulation. After the injection of a digital SAT tone into a given
stream of DS0 voice 20      data, the following steps are performed to
effect FM modulation: (i) high-pass filtering, (ii) compression, (iii)
pre-emphasis filtering, (iv) signal limiting, (v) interpolating, and (vi)
low-pass filtering. The modulated signal stream is then again interpolated
to an exemplary sample rate of 30.72 Msps, and is tuned to an assigned
baseband frequency. 25            Each K DTX channel module within a given
DTX digital transmit module 80 sums its IF signal with those of the
preceding DTX channel modules. At the output of the K[err] DTX channel
module within each DTX transmit module 80, the signals from each of the K
DTX channel modules therein are added to a wideband local transmit bus 84.
The wideband local transmit bus 84 then proceeds to the next DTX 30
module 80, which similarly adds thereto the signals from its K DTX channel
modules. Once the last of the M DTX channel modules (i.e., the DTX channel
9(2) module,80) has added its K signals to the wideband local transmit bus
84, the bus 84 is routed to the WBTX section 18 of the wideband transceiver
module.    WO 97/04612                           10
PCT/US96/11954 The WBTX section 18 includes a 16-bit digital to analog
converter (DAC) operative to convert the 30.72 Msps digital data stream
from the wideband local transmit bus 84 into an analog baseband signal. The
frequency of the analog baseband signal is first translated to an
intermediate frequency (IF), and is then 5  further up-converted to an r.f.
frequency band (e.g., 880 to 894 MHz). The resultant r.f. signal is
provided via the antenna interface unit 20 to the antenna system 12, which
radiates the r.f. signal to mobile users within the coverage area of the
base station 10. 10  V. The DTX Modules Referring to Figure 4, the internal
structure of an exemplary DTX module 80 is illustrated in further detail.
In Figure 4, the DTX module shown includes a set of twelve DTX channel
modules (i.e., K= 12), the first of which is provided with the local
transmit bus 84 from the previous DTX module. Each of the twelve 15  DTX
channel modules receives control instructions from the VXI control bus 56, 



including an assignment to process the voice information carried by a
particular one of the 192 TDM time slots of the TDM transmit bus 32b. In
addition, the VXI control bus 56 also instructs each DTX channel module to
output processed voice information on a unique digital baseband frequency.
20        After the first DTX channel module (DTX channel module #1)
processes the voice signal from its assigned time slot and adds it to the
local transmit bus 84, the result is provided to the second DTX channel
module via an internal DTX wideband data bus 102. Next, the second DTX
channel module adds the voice signal information which it has processed to
the wideband data bus 102, and the 25  result is provided by the wideband
data bus 102 to the third DTX channel module. This is repeated until DTX
channel module #12 has added its processed voice signal to the wideband
data bus 102, and the result forwarded to the next DTX module 80 over the
local transmit bus 84. Turning now to Figure 5, a block diagram is provided
of a single DTX 30  channel module disposed to process the voice signal
within an assigned TDM time slot on the TDM transmit bus 32b. The DTX
channel module includes a DTX channel modulator 110 which operates
differently depending upon whether the DTX channel module has been assigned
to process a forward voice channel    WO 97/04612
PCT/US96/11954 (FOVC), or a forward control channel (FOCC). For FOVC
processing, voice information from an assigned TDM time slot is processed
for transmission unless a mobile station control word is received from the
BSC 36 over the control bus 56. In this case, normal voice processing is
briefly interrupted to allow processing of 5  the control word. When a DTX
channel module has been instead assigned to perform FOCC processing,
various mobile station control messages are continuously sent to the
exclusion of voice information. The modulated information produced by the
DTX channel modulator 110 is interpolated by the exemplary factors of
twelve and thirty-two within x12 and x32 10  interpolators 111 and 112,
respectively. The interpolated data stream is up- converted to a unique
digital frequency by mixer 113, which receives a local oscillator signal of
the necessary frequency from numerically controlled oscillator (NCO) 114.
After the real part of the frequency-upconverted signal from mixer 113 is
extracted (Re 115), the result is added to the wideband data bus 102 by a
15  2-channel adder 116. The wideband data bus 102 and the plurality of
2-channel adders 116 may be characterized as a wideband summation network,
since these elements combine 



the signals from each DTX channel module into a frequency-multiplexed
signal carried by the local transmit bus 84. This obviates the need to
provide one or 20  more relatively complex, multi-channel adders as a means
of furnishing the frequency-multiplexed signal. Figure 6 provides a
top-level diagram representative of signal flow through the DTX channel
modulator 110. The DTX channel modulator 110 includes a voice modulator 117
and a digital data modulator 118. The voice modulator 117 25  includes an
FM modulator 120, an SAT signal generator 122, and a x2 interpolator 124.
When the DTX channel modulator 110 is performing FOVC processing, switch
128 selects the modulated voice information from voice modulator 117.
Similarly, the switch 128 is set to receive modulated data from a data
modulator 118 when FOCC processing is being carried out. In either case,
the result is a 30  digital frequency-modulated (FM) signal comprised of an
in-phase/quadrature-phase (I,Q) modulated zero Hz carrier. Voice data is
received in PCM format by the FM modulator 120 from an assigned time slot
of the TDM transmit bus 32. The FM modulator 120 performs    WO 97/04612
12                    PCT/US96/11954 [err]-Law expansion of the PCM data
from 8 to 14 bits, and then effects 2:1 syllabic compression. The
compressed voice data is then interpolated to an exemplary sample rate of
40 Ksps, and passed through a pre-emphasis filter having a transfer
function +6 dB/octave between 300 and 3000 Hz. The output of the
pre-emphasis 5  filter is hard-limited on a sample-by-sample basis to the
extent required to achieve a desired modulation index, and is then passed
through a low-pass filter. After integration, the voice data is combined
with an SAT signal provided by the SAT generator. The combined signal is
phase modulated to complete the frequency modulation (FM) process, and the
result passed through the x2 interpolator 124 to 10  the switch 128. Figure
7 is a block diagrammatic representation of the digital data modulator 118.
In an exemplary embodiment the digital data modulator 118 includes a BCH
encoder 140, to which 28-bit binary control words are supplied at a rate of
10 Kbps from the control bus 56. Each such message is provided by the 15
BSC 36 via control bus 56 in a format substantially similar to that
specified by TIA/EIA Standard 553. Within the BCH encoder 140 each 28-bit
message word is zero-padded (e.g., with 12 zeros), and is then converted
into a 40-bit message code in accordance with a predefined BCH generating
polynomial. The resultant 40-bit encoded (i.e., scrambled) messages are
provided to a bit stream generator 144, 



20  which for each scrambled message produces a bit stream comprised of a
sequence of blocks. Combinations of blocks are formed and concatenated
differently depending upon whether it is desired to effect transmission
over a forward control channel (FOCC) or a forward voice channel (FOVC).
During transmission over a FOVC, normal voice transmission is interrupted
25  for an exemplary 103.1 ms period each time that the digital data
modulator 118 receives a control message from the BSC 36 for transmission
to a mobile unit. In order to support FOVC transmission, the bit stream
generator 144 produces a concatenated sequence of FOVC blocks wherein each
FOVC block includes a scrambled 40-bit control message and a preamble. The
preamble includes a dot 30  sequence and word synchronization pattern, and
effectively separates each repetition of the scrambled message. In an
exemplary embodiment the bit stream generator 144 creates, for each
scrambled message to be transmitted over a FOVC, a bit stream of 1031 bits
comprised of eleven FOVC blocks.    WO 97/04612
13                    PCT/US96/11954 When the digital data modulator 118 is
used to support a FOCC, the bit stream generator 144 produces a filler
message except when either an overhead or control message is being
generated. Overhead messages are sent at a regular rate (e.g., every 0.8
0.3 seconds), and control messages sent asynchronously over 5 each FOCC as
necessary. Upon receiving an encoded (i.e., scrambled) control message from
the BCH encoder 140, the bit stream generator 144 produces a single FOCC
block comprised of a preamble, word synchronization sequence, and the
scrambled control message. During operation of the digital data modulator
118 in both FOVC and 10 FOCC processing modes, each FOVC or FOCC block from
the bit stream generator 144 is provided at an exemplary 10 Kbps rate to an
FSK modulator 148. Although capable of being implemented as a purely
digital circuit, the FSK modulator 148 may be characterized as a look-up
table disposed to create a Manchester-encoded analog waveform which is
subsequently sampled at a 40 KHz 15 rate. Specifically, a set of functions
similar to the following will typically be performed upon the incident 10
Kbps bit stream: (i) Manchester encoding, (ii) integration, (iii) low-pass
filtering (iv) phase modulation, and (v) further low-pass filtering to
achieve smoothing. Upon sampling at 40 Hz, four (I,Q) pairs for each bit of
the incident 10 Kbps stream are produced in order to generate an output 20
sequence corresponding to a digital FSK-modulated waveform of predetermined
frequency deviation (e.g.,  8 KHz). In a practical implementation, the FSK 



modulator 148 may be realized using a table look-up system in which the
values of each set of four (I,Q) pairs is determined in accordance with the
values of the current and a set of the most recent bits within the incident
10 Kbps sequence. 25 VI. Wideband Transmitter (WBTX) Section of the
Wideband Transceiver Module Turning now to Figure 8, the WBTX 18 operates
to convert the high-speed digital data stream from the local transmit bus
84 into an r.f. signal for provision 30  to a power amplifier (not shown)
and subsequent broadcast by antenna system 12. The specific frequency
values specified in Figure 8 result in creation of an FCC- specified B-band
r.f. waveform, it being understood that transmission over other r.f. bands
may be performed using substantially the same architecture.    WO 97/04612
14                    PCT/US96/11954 The high-speed (30.72 Msps) data
stream from the local transmit bus 84 is initially processed by a digital
to analog converter (DAC) 180. If the DAC 180 is not realized to oversample
the incident 30.72 Msps signal, an X/SIN(X) filter network 184 is employed
to provide the requisite compensation. A first mixer 192 5 up-converts the
baseband frequency using a 72.88 MHz local oscillator signal, and the
combined signal applied to first and second intermediate frequency bandpass
(IF) amplifiers 194 and 196. The first and second bandpass IF amplifiers
194 and 196 provide amplification over the IF bands 62.20 to 72.2 MHz, and
58.20 MHz to 60.70 MHz, respectively. The resultant amplified IF signals
are combined, 10 upconverted to the r.f. frequency band within r.f. mixer
198, and passed through an r.f. BPF 202 having a bandwidth extending from
880 to 890 MHz, and from 891.4 MHz to 894 MHz. VII. Wideband Receiver
(WBRX) Section of the Wideband Transceiver 15  Module Referring to Figure
9, the WBRX section 16 operates upon the incident r.f. signal collected by
antenna system 12 from one or more mobile units (not shown). In particular,
the WBRX converts the incident r.f. signal into a high-speed digital data
stream for insertion onto the high-speed local receive bus 24. The incident
20  r.f. signal (e.g., 835 to 849 MHz) is, if necessary for automatic gain
control, attenuated by attenuator 210. A frequency selective amplifier
network 214 provides gain over the active regions of the B-band (i.e., from
835 MHz to 845 MHz, and from 846.5 MHz to 849 MHz). An r.f. down-converting
mixer 218, coupled to the output of the frequency selective amplifier
network 214, serves to 



25  mix the received signal down to within an IF band extending from 58.6
to 72.2 MHz. Due to the 1.5 MHz gap in the B-band, the resultant IF signal
is split and separately filtered by a first and by a second IF bandpass
filter (BPF) 222 and 224. The first and second IF BPFs 222 and 224 provide
filtering over the IF bands 62.20 to 72.2 MHz, and 58.20 MHz to 60.70 MHz,
respectively. 30         The filtered IF signals from the first and second
IF BPFs 222 and 224 are then combined, and jointly provided to an IF mixer
226. The IF mixer 226 translates the frequency of the combined IF signal to
analog baseband for filtering by an analog lowpass and notch filter 230.
The filtered analog baseband signal is    WO 97/04612
15                    PCT/US96/11954 sampled by analog to digital converter
(ADC) 234, and the resultant wideband digital data stream provided to the
high-speed local receive bus 24. VIII. DRX Modules 5        Referring to
Figure 10, the internal organization of an exemplary DRX module 28 is
illustrated in further detail. In Figure 10, the DRX module 28 is seen to
include a set of twelve DRX channel modules (i.e., K = 12), each of which
has access to the local receive bus 24. Each of the twelve DRX channel
modules receives control instructions from the VXI control bus 56,
including an assignment 10 to process the information carried by a
particular received frequency channel. After processing the information
carried by its assigned frequency channel, each DRX channel module inserts
the processed information into an associated one of the 192 TDM time slots
of the TDM receive bus 32a. This operation is replicated within each DRX
module 28, with the result that each of the frequency signals 15 inherent
within the frequency-multiplexed signal carried by the local receive bus 24
is processed by a different DRX channel module and subsequently inserted
into an assigned time slot of the TDM receive bus 32a. As mentioned above,
in alternate embodiments the antenna system 12 may be implemented as three
or more distinct sector antennas for independently 20  servicing different
cell sectors. In yet other alternate embodiments, pairs of sectored
antennas are deployed in each sector as a means of facilitating spectral
diversity reception of signals from mobile units within the sector. In
accordance with one aspect of the invention, the signal energy received
from each such sector antenna, or from each individual diversity sector
antennas, is assigned to a 25  specific time slot on the local receive bus
24. For example, in an embodiment in which a pair of diversity sector
antennas are deployed for each of three cell sectors (i.e., six separate
antennas), the local receive bus 24 would be time-division 



multiplexed into six time slots. Since the local receive bus 24 is made
available to each of the K DRX receive channel modules within each DRX
module 28, any 30  frequency channel received by any one of the diversity
sector antennas could be processed by any one of the DRX receive channel
modules. In such diversity applications, a diversity link 250 (Figure 10)
is optionally provided between adjacent DRX channel modules. As an example,
consider the    WO 97/04612                          16
PCT/US96/11954 case in which DRX channel module #1 and DRX channel module
#2 (Figure 10) are assigned to process the same frequency channel received
by first and second diversity antennas assigned to service a given cell
sector. In this case DRX channel module #1 and DRX channel module #2 would
extract the same frequency 5  channel from the different time slots of the
local receive bus 24 respectively assigned to the first and second
diversity antennas. The quality of the different frequency channels
processed by DRX channel module #1 and DRX channel module #2 could then be
compared by exchanging signal quality information over the diversity link
250. The higher quality received signal would then be inserted, 10  after
processing by either DRX channel module #1 or DRX channel module #2, into
the appropriate time slot of the TDM receive bus 32a. Turning now to Figure
11, a block diagram is provided of a single DRX channel module disposed to
process an assigned frequency channel from a particular time slot of the
local receive bus 24. The wideband, 30.72 Msps digital 15  signal from the
local receive bus 24 is applied to a digital tuner 260, which is controlled
by the BSC 36. In particular, the BSC 36 instructs the digital tuner 260
via control bus 56 to extract, from a particular time slot of the local
receive bus 24, the signal at an assigned frequency. The digital tuner 260
is functionally represented as including a mixer 264,
numerically-controlled oscillator (NCO) 268, 20  high-decimation filter
272, decimator 276, and FIR filter 280. The digital tuner may be
implemented using, for example, a GC1011A digital tuner from GrayChip of
Palo Alto, California. In the exemplary embodiment the digital tuner 260
produces a complex-valued output stream over in-phase (I) and
quadrature-phase (Q) channels, each of which runs at 80 Ksps with 16-bit
resolution. 25        The DRX channel module of Figure 11 further includes
a digital signal processor (DSP) 290 programmed to demodulate the 80 Ksps
complex (I,Q) output stream from the digital tuner 260. Since each DRX
channel module supports either a reverse voice channel (RVC) or a reverse
control channel RCC, each DSP 290 is configured to process either the
received voice or data 



30  information. In both cases an FM demodulation operation is initially
performed upon the received information, at which point the FM-demodulated
information is subjected to either voice processing or data extraction.
When the DSP 290 has been programmed for data extraction, the
FM-demodulated information is decoded    23 WHAT IS CLAIMED IS: 1.    A
wideband base station for simultaneously communicating with a plurality of
mobile stations, said wideband base station having an outbound narrowband
data bus 5      (32b) for receiving a plurality of outbound information
signals, and a wideband transmitter (18) configured to modulate a composite
outbound baseband signal from an outbound wideband data bus (84) and
transmit a composite radio frequency outbound signal, wherein the
improvement comprises: a plurality of digital transmit modules (80) coupled
to said outbound 10     narrowband data bus (32b), each digital transmit
module (80) configured to process one or more of said information signals
to produce one or more corresponding baseband signals, and each digital
transmit module including: (a) a modulator (110) coupled to said outbound
narrowband data bus said configured to modulate a digital carrier signal
using one or more of said 15           information signals in order to
produce a modulated signal; (b) a digital frequency synthesizer (114); and
(c) a mixer (113) coupled to said modulator (110) and said digital
frequency synthesizer (114) and configured to translate said modulated
signal to a predefined baseband frequency in order to produce said one or
more 20            baseband signals; and a combiner (116) coupled to said
first digital transmit module and said second digital transmit module and
said outbound wideband" data bus (84) and configured to combine said first
outbound baseband signal and said second outbound baseband signal as said
composite outbound baseband signal and to provide said composite outbound
25      baseband signal to said outbound wideband data bus (84). 2.    The
wideband base station of claim 1, wherein each of said digital transmit
modules includes: (a) a plurality of modulators (110) coupled to said
outbound narrowband data 30      bus said configured to modulate a digital
carrier signal using two or more of said information signals in order to
produce two or more modulated signals; (b) a plurality of digital frequency
synthesizers (114); and  



24 (c) a plurality of mixers (113) coupled to said modulators (110) and
said digital frequency synthesizers (114) and configured to translate said
modulated signals to predefined baseband frequencies in order to produce
said two or more baseband signals. 5 3.    The wideband base station of
claim 1, wherein each of said digital transmit modules further includes:
(d) an interpolator (111) coupled between said modulator (110) and said
digital mixer (113) and configured to interpolate said modulated signal. 10
4.    A wideband base station for simultaneously communicating with a
plurality of mobile stations, said wideband base station having a wideband
receiver (16) configured to receive and demodulate a composite inbound
radio frequency signal to provide a composite inbound baseband signal onto
an inbound wideband data bus (24), and an 15     inbound narrowband data
bus (32a) coupled to communicate to an external structure, wherein the
improvement comprises: a plurality of digital receive modules (28) coupled
to said inbound wideband data bus (24), each receive module configured to
process said inbound baseband signal to produce one or more of said
information signals, and each digital receive 20      module including: (a)
a digital tuner (260) coupled to said inbound wideband data bus and
configured to provide a digital representation of one or more of said
information signals from said inbound baseband signal; and (b) a
demodulator (290) coupled to said digital tuner (260) and 25
configured to demodulate said digital representation of said one or more
information signals provide one or more demodulated signals; and wherein
said inbound narrowband data bus (32a) is coupled to said digital receive
modules (28) and configured to communicate said inbound narrowband signals
to said external structure. 30 5.    The wideband base station of claim
4,.wherein each of said digital receive modules includes:    25 



(a) a plurality of digital tuners (260) coupled to said inbound wideband
data bus and configured to provide a digital representations of two or more
of said information signals from said inbound baseband signal; and (b) a
demodulator (290) coupled to said digital tuner (260) and 5
configured to demodulate said digital representation of said two or more
information signals provide two or more demodulated signals. 6.    A
wideband base station for simultaneously communicating with a plurality of
mobile stations, said wideband base station having an outbound narrowband
data bus 10     (32b) for receiving a plurality of outbound information
signals, a wideband transmitter (18) configured to modulate a composite
outbound baseband signal from an outbound wideband data bus (84) and
transmit a composite radio frequency outbound signal, a wideband receiver
(16) configured to receive and demodulate a composite inbound radio
frequency signal to provide a composite inbound baseband signal onto an
inbound 15     wideband data bus (24), and an inbound narrowband data bus
(32a) coupled to communicate to an external structure, wherein the
improvement comprises: a plurality of digital transmit modules (80) coupled
to said outbound narrowband data bus (32b), each digital transmit module
(80) configured to process one or more of said information signals to
produce one or more corresponding 20      baseband signals, and each
digital transmit module including: (a) a modulator (110) coupled to said
outbound narrowband data bus said configured to modulate a digital carrier
signal using one or more of said information signals in order to produce a
modulated signal; (b) a digital frequency synthesizer (114); and 25
(c) a mixer (113) coupled to said modulator (110) and said digital
frequency synthesizer (114) and configured to translate said modulated
signal to a predefined baseband frequency in order to produce said one or
more baseband signals; a combiner (116) coupled to said first digital
transmit module and said 30     second digital transmit module and said
outbound wideband data bus (84) and configured to combine said first
outbound baseband signal and said second outbound baseband signal as said
composite outbound baseband signal and to provide said AMENDED SHEET    26
composite outbound baseband signal to said outbound wideband data bus (84);
a plurality of digital receive modules (28) coupled to said inbound
wideband data bus (24), each receive module configured to process said
inbound baseband 



signal to produce one or more of said information signals, and each digital
receive 5      module including: (a) a digital tuner (260) coupled to said
inbound wideband data bus and configured to provide a digital
representation of one or more of said information signals from said inbound
baseband signal; and (b) a demodulator (290) coupled to said digital tuner
(260) and 10            configured to demodulate said digital
representation of said one or more information signals provide one or more
demodulated signals; and wherein said inbound narrowband data bus (32a) is
coupled to said digital receive modules (28) and configured to communicate
said inbound narrowband signals to said external structure. 15 7.    The
wideband base station of claim 6, wherein: (A) each of said digital
transmit modules includes: (a) a plurality of modulators (110) coupled to
said outbound narrowband data bus said configured to modulate a digital
carrier signal 20             using two or more of said information signals
in order to produce two or more modulated signals; (b) a plurality of
digital frequency synthesizers (114); and (c) a plurality of mixers (113)
coupled to said modulators (110) and said digital frequency synthesizers
(114) and configured to translate said 25             modulated signals to
predefined baseband frequencies in order to produce said two or more
baseband signals; and (B) each of said digital receive modules includes:
(a) a plurality of digital tuners (260) coupled to said inbound wideband
data bus and configured to provide a digital representations of two 30
or more of said information signals from said inbound baseband signal; and
(b) a demodulator (290) coupled to said digital tuner (260) and AMENDED
SHEET    27 configured to demodulate said digital representation of said
two or more information signals provide two or more demodulated signals.
WO 97/04612                            22                   PCT/US96/11954 



Similarly, P3-type connectors 510 are used to connect the DTX modules 80
and the WBRX module 16 to the local transmit bus 84 of the VXI backplane.
Figure 16B similarly depicts the receive portion of the VXI module
transceiver 500 in block diagram form. In addition to the WBRX and BSC 5
modules 16 and 36, the receive portion includes a set of DRX modules 28.
Each of the DRX, WBRX and BSC modules are assigned to a particular VXI bus
slot having a unique address. Again, P3-type connectors 510 are employed to
couple the DRX, WBRX and BSC modules as necessary to the TDM receive and
local receive buses 32a and 24 of the VXI backplane. 10        The VXI bus
implementation of the inventive base station exemplified by FIGS. 15-17B
may be configured to support a variety of air interface standards (e.g.,
CDMA, TDMA, GSM). In this regard DTX and DRX modules designed to effect
modulation/ demodulation and other signal processing required by a given
air interface standard may be introduced as necessary into the VXI bus
subsystem. 15  For example, CDMA chip sets for incorporation into the DTX
and DRX modules are commercially available from Qualcomm, Inc. of San
Diego, California. While the invention has been described with reference to
a few specific embodiments, the description is illustrative of the
invention and is not to be construed as limiting the invention. Various
modifications may occur to those 20  skilled in the art without departing
from the true spirit and scope of the invention as defined by the appended
claims.    WO 97/04612                             23
PCT/US96/11954 WHAT IS CLAIMED IS: 1.    A wideband transmitter system for
transmitting a plurality of information signals provided by a corresponding
plurality of input signal lines, said wideband 5  transmitter system
comprising: an input line interface for multiplexing said plurality of
information signals onto an input data bus; a plurality of digital transmit
modules coupled to said input data bus, each of said plurality of digital
transmit modules being disposed to process one or more 10 of said
information signals thereby producing a plurality of baseband signals; a
wideband summation network coupled to said plurality of digital transmit
modules, said wideband summation network including means for sequentially
adding each one of said plurality of baseband signals to a wideband data
bus; and a wideband transmitter, coupled to said wideband data bus, for
generating a 15 transmission waveform in response to said plurality of
baseband signals. 



2.    The wideband transmitter of Claim 1 wherein each of said plurality of
digital transmit modules includes: a plurality of modulators coupled to
said input data bus, each of said 20  plurality of modulators being
disposed to modulate a digital carrier signal using one of said information
signals in order to produce a plurality of modulated signals; a plurality
of digital frequency synthesizers operatively coupled to said plurality of
modulators, each of said digital frequency synthesizers translating
frequency of one said plurality of modulated signals to a predefined
baseband 25  frequency thereby producing said plurality of baseband
signals. 3.    The wideband transmitter system of Claim 2 wherein each of
said plurality of digital frequency synthesizers includes a digital
oscillator tuned to a different frequency. 30 4.    The wideband
transmitter system of Claim 1 wherein said wideband summation network
includes a plurality of digital adders, each of which is coupled    WO
97/04612                               24
PCT/US96/11954 to one of said plurality of digital frequency synthesizers
and receives the one of said plurality of baseband signals produced
thereby. 5.    A wideband transmitter system for transmitting a plurality
of information 5 signals provided by a corresponding plurality of input
signal lines, said wideband transmitter system comprising: an input line
interface for multiplexing said plurality of information signals onto an
input data bus; a plurality of digital transmitter modules coupled to said
input data bus, 10 each of said digital transmitter modules including a set
of channel modules for generating a set of digital baseband signals of
differing frequency corresponding to a set of said plurality of information
signals; means for routing a wideband data stream through said plurality of
digital transmitter modules, each of said plurality of digital transmitter
modules including 15 means for adding said set of digital baseband signals
produced by said channel modules therein to said wideband data stream; and
a wideband transmitter, coupled to said wideband data bus, for generating a
wideband transmission waveform using said wideband data stream. 20   6.
The wideband transmitter system of Claim 5 wherein a first of said digital
transmitter modules includes: a first plurality of modulators within a
first plurality of said channel 



modules, each of said first plurality of modulators being disposed to
modulate a digital carrier signal using one of said information signals in
a first of said sets of 25  information signals in order to produce a first
plurality of modulated signals, and a first plurality of digital frequency
synthesizers operatively coupled to said first plurality of modulators,
each of said first plurality of digital frequency synthesizers translating
frequency of one said first plurality of modulated signals to a predefined
baseband frequency. 30 7.    The wideband transmitter system of Claim 5
wherein said wideband transmitter includes:    WO 97/04612
25                     PCT/US96/11954 a digital to analog converter for
converting said wideband data stream to an analog data waveform, and a
wideband up-converter for modulating an r.f. carrier signal using said
analog data waveform. 5 8.    A wideband receiver system disposed to
receive an incident composite signal containing a plurality of information
signals, said wideband receiver system comprising: a wideband receiver for
receiving said incident composite signal, and for 10  generating a digital
representation of said incident composite signal in the form of a wideband
digital data stream; a wideband data bus, coupled to said wideband
receiver, to which is applied said wideband digital data stream; a
plurality of digital tuners operatively coupled to said wideband data bus,
15  each of said digital tuners being disposed to recover a digital
representation of one of said information signals from said wideband
digital data stream;    a plurality of demodulators, coupled to said
plurality of digital tuners, for demodulating said digital representations
of said information signals so as to provide a plurality of demodulated bit
streams; 20         an output voice/data bus, coupled to said plurality of
demodulators, onto which are multiplexed said plurality of demodulated bit
streams thereby forming a composite output bit stream; and an output line
interface for distributing said plurality of demodulated bit streams within
said composite output bit stream among a corresponding plurality of 25
output signal lines. 



9.    The wideband receiver system of Claim 8 further including decimation
means for decimating said digital representations of said information
signals. 30   10.   The wideband receiver system of Claim 8 wherein each of
said plurality of digital tuners includes a digital oscillator tuned to a
different frequency.    WO 97/04612                             26
PCT/US96/11954 11.   The wideband receiver system of Claim 8 wherein said
wideband receiver includes: a wideband down-converter for down-converting
frequency of said frequency-multiplexed signal; and 5         an analog to
digital converter coupled to said wideband down-converter. 12.   A wideband
receiver system disposed to receive an incident composite signal containing
a plurality of information signals, said wideband receiver system
comprising: 10         a wideband receiver for receiving said incident
composite signal, and for generating a digital representation of said
incident composite signal in the form of a wideband digital data stream; a
wideband data bus, coupled to said wideband receiver, to which is applied
said wideband digital data stream; 15         a plurality of digital
receiver modules coupled to said wideband data bus, each of said digital
receiver modules including means for generating a set of demodulated
digital signals wherein each said set of demodulated digital signals is
derived from a corresponding set of said plurality of information signals;
an interface module for providing each said set of demodulated digital 20
signals to a corresponding set of output signal lines. 13.   The wideband
receiver system of Claim 12 further including an output data bus coupled to
said interface module, each of said plurality of digital receiver modules
including means for 25 14.   The wideband receiver system of Claim 12
wherein a first of said plurality of digital receiver modules includes: a
first plurality of digital tuners coupled to said wideband data bus, and a
first plurality of demodulators coupled to said first plurality of digital
30  tuners. 15.   A wideband digital transceiver system comprising:   



WO 97/04612
PCT/US96/11954 27 an input line interface for multiplexing a plurality of
input information signals onto a TDM transmit bus; a plurality of digital
transmitter modules coupled to said TDM transmit bus, each of said digital
transmitter modules including means for generating a set of 5   digital
baseband signals in response to a corresponding set of said plurality of
information signals; a wideband summation network for sequentially adding
said set of digital baseband signals into a wideband data stream; a
wideband transmitter for generating a wideband transmission waveform 10
using said wideband data stream; a wideband receiver for receiving an
incident composite signal, and for generating a digital representation of
said incident composite signal in the form of a wideband digital data
stream applied to a wideband data bus; a plurality of digital receiver
modules coupled to said wideband data bus, 15  each of said digital
receiver modules including means for recovering a set of digital output
signals from said wideband digital data stream and for multiplexing said
set of digital signals onto a TDM receive bus; and an output line interface
for distributing said digital output signals among a plurality of output
signal lines. 20 16.   The wideband digital transceiver system of Claim 15
wherein a first of said digital transmitter modules includes a first
plurality of modulators coupled to said TDM transmit bus, each of said
first plurality of modulators being disposed to modulate a digital carrier
signal using one of said input information signals in 25  order to produce
a first plurality of modulated signals. 17.   The wideband digital
transceiver system of Claim 16 further including a first plurality of
digital frequency synthesizers operatively coupled to said first plurality
of modulators, each of said first plurality of digital frequency
synthesizers 30  translating frequency of one said first plurality of
modulated signals to a predefined baseband frequency.    WO 97/04612
28                     PCT/US96/11954 18.   A method for combining a
plurality of information signals provided by a corresponding plurality of
input signal lines to yield a wideband transmission 



waveform, said method comprising the steps of: multiplexing said plurality
of information signals onto an input data bus; 5         modulating a
different digital carrier signal using each one of said information signals
in order to produce a plurality of modulated signals; translating frequency
of each of said plurality of modulated signals to a predefined baseband
thereby producing a plurality of baseband signals; generating a wideband
data stream by combining said plurality of baseband 10 signals; and
generating said transmission waveform by using said wideband data stream to
modulate an analog carrier signal. 19.   A method of processing an incident
composite signal containing a plurality 15   of information signals, said
method comprising the steps of: receiving said incident composite signal,
and generating a digital representation of said incident composite signal
in the form of a wideband digital data stream applied to a wideband data
bus; recovering a digital representation of each of said information
signals from 20 said wideband digital data stream; demodulating said
digital representations of said information signals so as to provide a
plurality of demodulated bit streams; multiplexing said plurality of
demodulated bit streams onto an output data bus in order to form a
composite output bit stream; and 25         distributing said plurality of
demodulated bit streams within said composite output bit stream among a
corresponding plurality of output signal lines.    


