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[57] ABSTRACT

The present invention provides methods and apparatus for
implementing spatial multiplexing in conjunction with the
one or more multiple access protocols during the broadcast
of information in a wireless network. A wireless cellular
network for transmitting subscriber datastream(s) to corre-
sponding ones among a plurality of subscriber units located
within the cellular network is disclosed. The wireless cel-
lular network includes base stations and a logic. The base
stations each include spatially separate transmitters for
transmitting, in response to control signals, selected sub-
streams of each subscriber datastream on an assigned chan-
nel of a multiple access protocol. The logic communicates
with each of the base stations. The logic assigns an available
channel on which to transmit each subscriber datastream.
The logic routes at least a substream of each datastream to
at least a selected one of the base stations. The logic also
generates control signals to configure the at least a selected
one of the base stations to transmit the selected substreams
to a corresponding one among the plurality of subscriber
units on the assigned channel. A subscriber unit for use in a
cellular system is also disclosed. The subscriber unit
includes: spatially separate receivers, a spatial processor,
and a combiner. The spatially separate receivers receive the
assigned channel composite signals resulting from the spa-
tially separate transmission of the subscriber downlink
datastream(s). The spatial processor is configurable in
response to a control signal transmitted by the base station
to separate the composite signals into estimated substreams
based on information obtained during the transmission of
known data patterns from at least one of the base stations.
The spatial processor signals the base stations when a
change of a spatial transmission configuration is required.
The combiner combines the estimated substreams into a
corresponding subscriber datastream.

47 Claims, 31 Drawing Sheets
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SPATTAL MULTIPLEXING IN A CELLULAR
NETWORK

BACKGROUND OF THE INVENTION

Copyright Authorization

A portion of the disclosure of this patent document
contains material which is subject to copyright protection.
The copyright owner has no objection to the facsimile
reproduction by any one of the patent disclosure, as it
appears in the U.S. Patent and Trademark Office patent files
or records, but otherwise reserves all copyright rights what-
soever.

1. Field of Invention

The field of the present invention relates in general to the
field of wireless broadcast of information using one or more
multiple access protocols and in particular to methods and
apparatus for implementing spatial multiplexing in conjunc-
tion with the one or more multiple access protocols during
the broadcast of information.

2. Description of the Related Art

In wireless broadcast systems, information generated by a
source is transmitted by wireless means to a plurality of
receivers within a particular service area. The transmission
of such information requires a finite amount of bandwidth,
and in current state of the art transmission of information
from different sources, must occur in different channels.

Since there are quite a few services (e.g. television, FM
radio, private and public mobile communications, etc.)
competing for a finite amount of available spectrum, the
amount of spectrum which can be allocated to each channel
is severely limited. Innovative means for using the available
spectrum more efficiently are of great value. In current state
of the art systems, such as cellular telephone or broadcast
television, a suitably modulated signal is transmitted from a
single base station centrally located in the service area or cell
and propagated to receiving stations in the service area
surrounding the transmitter. The information transmission
rate achievable by such broadcast transmission is con-
strained by the allocated bandwidth. Due to attenuations
suffered by signals in wireless propagation, the same fre-
quency channel can be re-used in a different geographical
service area or cell. Allowable interference levels determine
the minimum separation between base stations using the
same channels. What is needed is a way to improve data
transfer speed in the multiple access environments currently
utilized for wireless communications within the constraints
of available bandwidth.

SUMMARY OF THE INVENTION

The present invention provides methods and apparatus for
implementing spatial multiplexing in conjunction with the
one or more multiple access protocols during the broadcast
of information in a wireless network.

In an embodiment of the invention, a wireless cellular
network for transmitting subscriber datastream(s) to corre-
sponding ones among a plurality of subscriber units located
within the cellular network is disclosed. The wireless cel-
lular network includes base stations and a logic. The base
stations each include spatially separate transmitters for
transmitting in response to control signals and selected
substreams of each subscriber datastream on an assigned
channel of a multiple access protocol. The logic communi-
cates with each of the base stations. The logic assigns an
available channel on which to transmit each subscriber
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datastream. The logic routes at least a substream of each
datastream to at least a selected one of the base stations. The
logic also generates control signals to configure at least a
selected one of the base stations to transmit the selected
substreams to a corresponding one among the plurality of
subscriber units on the assigned channel.

In an embodiment of the invention, a subscriber unit for
use in a cellular system with base stations, each including
spatially separate transmitters for transmitting selected sub-
streams of at least one of a plurality of subscriber downlink
datastream(s) on an assigned channel of a multiple access
protocol, is disclosed. The subscriber unit includes: spatially
separate receivers, a spatial processor, and a combiner. The
spatially separate receivers receive the assigned channel
composite signals resulting from the spatially separate trans-
mission of the subscriber downlink datastream(s). The spa-
tial processor is configurable in response to a control signal
transmitted by the base station to separate the composite
signals into estimated substreams based on information
obtained during the transmission of known data patterns
from at least one of the base stations or by using blind
training techniques. The spatial processor signals the base
stations when a change of a spatial transmission configura-
tion is required in order to resolve the composite signals into
estimated downlink datastream(s). The combiner combines
the estimated substreams into a corresponding subscriber
datastream.

In another embodiment of the invention, a wireless cel-
lular network for transmitting subscriber downlink
datastream(s) from a first network to subscribers located
within the wireless cellular network is disclosed. The wire-
less cellular network includes: base stations, subscriber units
and a logic. The base stations are each configured for
spatially separate transmission of selected substreams of
each subscriber downlink datastream on an assigned channel
of a multiple access protocol. The subscriber units are each
configured for spatially separate reception on the assigned
channel of the selected substreams, for combining the sub-
streams into the corresponding subscriber datastream and for
initiating a change signal to at least one of the base stations
when a change of a spatial transmission configuration is
required in order to separate the selected substreams. The
logic communicates with each of the base stations and to the
first network. The logic is configured to route at least a
substream of each subscriber downlink datastream to at least
a selected one of the base stations and further configured to
vary the routing between a single base station and multiple
base stations to vary a spatial transmission configuration of
the selected substreams.

In another embodiment of the invention, a wireless cel-
lular network for receiving subscriber datastreams at corre-
sponding ones among a plurality of base stations located
within the cellular network is disclosed. The wireless cel-
lular network includes: subscriber units and logic. The
subscriber units each include spatially separate transmitters
for transmitting, in response to control signals, selected
substreams of each subscriber datastream on an assigned
channel of a multiple access protocol. The logic communi-
cates with each of the base stations. The logic generates
control signals to configure selected ones of the base stations
to receive composite signals resulting from the spatially
separate transmission of the selected substreams from a
corresponding one among the plurality of subscriber units on
the assigned channel. The logic also converts the composite
signals into estimate substreams and combines the estimated
substreams of each subscriber datastream into each sub-
scriber datastream.
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In another embodiment of the invention, a wireless cel-
lular network for transmitting subscriber downlink
datastream(s) from a first network to subscribers located
within the wireless cellular network is disclosed. The wire-
less cellular network includes base stations and logic. The
base stations include at least one transmitter, for transmitting
in response to control signals selected substreams of each
subscriber datastream on an assigned channel of a multiple
access protocol. The logic communicates with each of the
base stations. The logic for assigns an available channel on
which to transmit each subscriber datastream. The logic
routes at least a substream of each datastream to at least a
selected one of the base stations. The logic further generates
control signals to configure the at least a selected one of the
base stations to transmit the selected substreams to a corre-
sponding one among the plurality of subscriber units on the
assigned channel.

In an embodiment of the invention, a method for trans-
mitting subscriber downlink datastream(s) from base sta-
tions to corresponding ones among a plurality of subscriber
units is disclosed. The method includes the acts of:

routing at least a substream of each subscriber downlink
datastream to selected one of the base stations;

transmitting the at least a substream of each subscriber
downlink datastream from the selected one of the base
stations on an assigned channel of a multiple access
protocol; and

re-routing at least a substream of each subscriber down-
link datastream between a single base station and
multiple base stations responsive to a determination
that a change of a spatial transmission configuration of
the at least a substream of each subscriber downlink
datastream signal is required.

In another embodiment of the invention, a method for
receiving subscriber downlink datastream(s) transmitted
from a plurality of spatially separate transmitters is dis-
closed. The method includes the acts of:

receiving signals generated from at least one of the
plurality of spatially separate transmitters;

determining a number of substreams to be derived from
the signals;

separating the signals into the number of substreams
determined in said act of determining; and

combining the substreams into a corresponding subscriber
downlink datastream.

In another embodiment of the invention, a wireless cel-
lular network for transmitting subscriber datastream(s) to
corresponding ones among a plurality of subscriber units
located within the cellular network is disclosed. The wireless
cellular network includes:

means for routing at least a substream of each subscriber
downlink datastream to selected ones of the base sta-
tions;

means for transmitting the at least a substream of each
subscriber downlink datastream from the selected ones
of the base stations on an assigned channel of a multiple
access protocol; and

means for re-routing the at least a substream of each
subscriber downlink datastream between a single base
station and multiple base stations responsive to a signal
from a corresponding one of the subscriber units
requesting a change of spatial transmission configura-
tion.

In another embodiment of the invention, a subscriber unit

for use in a cellular system with base stations each including
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spatially separate transmitters for transmitting selected sub-
streams of at least one of a plurality of subscriber downlink
datastream(s) on an assigned channel of a multiple access
protocol is disclosed. The subscriber unit includes:
means for receiving signals generated from at least one of
the plurality of spatially separate transmitters;
means for determining a number of substreams to be
derived from the signals;
means for separating the signals into the number of
substreams determined in said act of determining;
means for combining the substreams into a corresponding
subscriber downlink datastream; and
means for signaling the base when a change of a spatial
transmission configuration is required in order to
resolve the composite signals into estimated sub-
streams.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present
invention will become more apparent to those skilled in the
art from the following detailed description in conjunction
with the appended drawings in which:

FIG. 1 shows a wireless cellular network incorporating
spatial multiplexing and multiple access according to the
current invention.

FIG. 1B is a detailed view of selected cells within the
cellular network shown in FIG. 1A.

FIG. 1C shows a cell architecture that provides overlap-
ping regions suitable for multi-base spatial multiplexing.

FIGS. 2A-F show alternate embodiments for the sub-
scriber units utilized in the wireless cellular network shown
in FIGS. 1A-B.

FIG. 3 shows a detailed hardware block diagram of a
single base station and subscriber unit for use in the wireless
cellular network shown in FIGS. 1A-B.

FIGS. 4A-J show detailed hardware block diagrams of
the multiple access hardware for controlling the transmis-
sion of subscriber datastream(s) from one or more of the
base stations within the wireless network.

FIGS. 5A-B show detailed hardware block diagrams of
the hardware associated with the receipt of multiple sub-
scriber datastream(s) at the base stations of the wireless
network of the current invention.

FIG. 6 shows a detailed view of the signals and the
symbols associated with the transmission and receipt of
spatially multiplexed signals according to an embodiment of
the current invention.

FIGS. 7A-B show detailed hardware block diagrams of
the configurable spatial processor associated with the
receiver circuitry receiver, according to an embodiment of
the current invention.

FIGS. 7A-D show detailed hardware block diagrams of a
configurable space and space-time processor associated with
the configurable spatial receiver according to an embodi-
ment of the current invention.

FIG. 8 shows in-band training and data signals for cali-
brating the spatially configurable receiver during the trans-
mission of spatially multiplexed data, according to an
embodiment of the current invention.

FIGS. 9A-B are respectively detailed hardware block
diagrams of a spatially multiplexed transmitter and receiver
implementing a time-division multiple access protocol
(TDMA), according to an embodiment of the current inven-
tion.
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