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(57) La commutation des canaux de trafic dans les (57) Switching of traffic channels within spread spectrum
faisceaux a spectre ctale est effectuce dans un satellite  beams 1s performed 1n a satellite without buffering of the
sans mise en memoire tampon des signaux ndividuels. individual signals. Individual satellite beams carrying
Les divers faisceaux des satellites qui transmettent les spread spectrum user RE signals from a plurality of

signaux RE a spectre ¢talé provenant d’une pluralite customer premise equipments are received by radio
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d’installations d’abonn¢ sont recus par les recepteurs
radio d’un commutateur de satellite et sont convertis en
signaux FI avec abaissement de {Iréquence. Le
recouvrement des signaux transmis par le canal est
effectu¢ 1mmediatement apres la conversion et un
codage et un décodage numeériques sont effectues pour
transmettre les signaux de chaque canal sur un faisceau
appropri¢ emis par le satellite. Le recouvrement des
signaux transmis par le canal se fait par un désc¢talement
et un filtrage suivis par un réctalement pour identifier
chaque signal d’utilisateur en vue de le recouvrer a sa
destination apres sa transmission sur le faisceau du
satellite.
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receivers of a satellite switch and downconverted to IF
signals. Traffic channel recovery 1s performed
immediately after the down conversion and digital
encoding and decoding 1s performed to route each
channel to an appropriate outbound satellite beam.
Traffic channel recovery 1s by despreading and filtering
followed by respreading to uniquely identify each user
signal so 1t may be recovered at its end destination.
Further spreading uniquely 1dentifies the user signal with
an outbound satellite beam going to the intended
destination of the user signal.
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Method And Apparatus For Switching
Spread Spectrum/Code Division Multiple Access
Modulated Beams
Abstract
Switching of traffic channels within spread spectrum beams is
performed in a satellite without buffering of the individual signals. Individual
satellite beams carrying spread spectrum user RF signals from a plurality of

customer premise equipments are received by radio receivers of a satellite switch
and downconverted to IF signals. Traffic channel recovery is performed

immediately after the down conversion and digital encoding and decoding is
performed to route each channel to an appropriate outbound satellite beam. Traffic

channel recovery is by despreading and filtering followed by respreading to uniquely
identify each user signal so it may be recovered at its end destination. Further

spreading uniquely identifies the user signal with an outbound satellite beam going
to the intended destination of the user signal.



10

15

20

25

30

2197129

-1 -

Method And Apparatus For Switching
Spread Spectrum/Code Division Multiple Access
Modulated Beams

Field of the Invention

This invention relates to switching apparatus and methods to be used in
wired and/or wireless digital telecommunication systems for message switching. It
is particularly concerned with the switching of spread spectrum/CDMA modulated
beams carrying traffic channels from a specific source to a specific destination.

Background of the Invention

Digital switching of spread spectrum/CDMA digital telecommunication
sigﬁals has previously been limited to circuit and packet switching. Packet type
switching is batch transmission signaling and generally requires the use of a butfer
memory somewhere in the transmission process. The switching (i.e., CDMA
message multiplexing) of end-to-end CDMA complete message signals, without the
buffering requirement, has been considered to have complexity sufficient to render it
impractical and uneconomical. In some instances a CDMA beam may be redirected,
but the individual traffic channels included within each uplink beam are left
undisturbed in a corresponding downlink CDMA beam. Uplink CDMA beams are
redirected and become a downlink beam, but include the same traffic channels. So

traffic channels must have common destinations with the common redirected CDMA
beam in which they are included.

In some instances the handling of CDMA packet beams requires the

conversion of the CDMA traffic channels to baseband frequencies for switching and
redirection processes to occur.

Summary of the Invention
Therefore in accord with the invention a method and apparatus for

switching traffic channels between uplink and downlink spread spectrum/CDMA
modulated beams is disclosed as claimed in the claims. It particularly concerns
CDMA information traffic channel (i.e.,message) switching in which a total

aggregate information signal is switched at IF frequency without memory buftering
required in the process.
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In a particular embodiment of the invention individual satellite beams carrying
spread spectrum user RF signals from a plurality of customer premise equipments are
received by radio receivers of a satellite switch and downconverted to IF signals. Traffic
channel recovery 1s performed immediately after the down conversion and digital encoding
and decoding is performed to route each channel to an appropriate outbound satellite beam.

Traftic channel recovery is by despreading and filtering followed by
respreading to uniquely 1dentify each user signal so it may be recovered at its end destination.
Further spreading uniquely identifies the user signal with an outbound satellite beam going to
the intended destination of the use signal.

In accordance with one aspect of the present invention there is provided a
method of switching a channel from an incoming spread spectrum beam to an outgoing
spread spectrum beam, comprising the steps of: coding each channel in the incoming spread
spectrum beam 1n a manner to enhance channel separation and reduce interference between
individual channels contained within the beams and recovering individual traffic channels by
application of a user specific pseudo random beam code; summing all recovered traffic
channels onto an overspread bus; directing and combining recovered individual traffic
channels from the overspread bus into outgoing spread spectrum beams each having a
destination in common with the traffic channels it contains.

In accordance with another aspect of the present invention there is provided a
switching system for switching a channel from an incoming spread spectrum beam to an
outgoing spread spectrum beam, comprising: frequency conversion circuitry connected for
rece1ving incoming spread spectrum RF beams and for converting them to IF beams; mixer
circuitry for despreading the IF beams with a pseudo-random beam code; a plurality of traffic
channel recovery circuits connected to receive the spread IF beams and operating to recover
individual traffic channels; and the traffic channel recovery circuit including: a plurality of
destination selecting mixers each connected to receive the traffic channel recovery circuit
output and applying an overspreading code to the traffic channels; means for forming

outgoing spread spectrum beams having destinations in common with traffic channels

contained within.
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Brief Description of the Drawings

FIG. 1 1s a block schematic of a code switching system architecture;

FIG. 2 i1s a block schematic of a code division switch;

FIG. 3 1s a block schematic of a traffic channel recovery circuit which is a sub-
component of the code division switch;

FIG. 4 is a schematic of the matrix arrangement for directing traffic channels to

the proper destination directed outgoing CDMA beam.

Detailed Description

A code switching architecture, such as shown in FIG. 1, includes a control unit
101 having memory storage for a tratfic matrix relating uplink sources to intended downlink
destinations. Uplink access channels 103, which may comprise a plurality of uplink data and
access CDMA beams 1 through N, are directed to an Access Channel Reception Unit 105 for
processing and for whose output 1s directed to the control unit 101. The output of the control
unit 101 is applied to a Satellite Broadcast Transmitter Unit 107 where it supplies the
downlink broadcast data and access channels over the CDMA beams 109. A second output of
the control unit is applied, vialead 111, to a code division switch 125.

Code division switch 125 accepts a plurality of bearer CDMA modulated RF
beams 131, extracts the individual tratfic channels contained within each beam and combines
them into outgoing beams having a destination in common with the traffic channels it
contains. The destination traffic channels are inserted into downlink CDMA beams 133, in
accord with broadcast channels applied to CDMA multiplexers 132-1 to 132-N, for

transmission to specific downlink destinations.
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While a satellite application, using an air interface i1s shown as an

illustrative embodiment, the invention is not limited to satellite communication

systems. The invention is equally applicable to terrestrial communication systems
and to systems using wired and optical connections.

In FIG. 2 a plurality of incoming spread spectrum RF beams 201-1 to
201-N are all applied to downconversion units 202-1 to 202-N which convert the

beams to IF. The downconverted IF beams 203-1 to 203-N are spread with a
pseudo-random beam code g, applied to the mixer circuits 204-1 to 204-N to
identify the individual traffic channels. In the illustrative embodiment g, may be a
Gold code with slight interference between adjacent satellite beams. The coded
signals, from each mixer, are applied to buses 205-1 to 205-N which are coupled to
several traffic channel recovery circuits 206-1-1 to 206-1-1 and 206-N-1 to 206-N-l1.
The individual traffic channels are recovered from each of the IF beams by
despreading and respreading techniques as described with respect to FIG. 3. The
output of all the traffic channel recovery circuits are summed in common in the
summer 207 and applied in common to the overspread bus 208 which carries the
overspread signals from the traffic channel recovery circuits 206-1-1 to 206-1-L to
206 -N-1 to 206-N-L. to the mixers 209-1 through 209-N.

Outputs of overspread beams from the bus 208 are recovered by
despreading with a Walsh code W, in the mixers 209-1 to 209-N to prevent overlap
of the adjacent satellite beams. By integrating (i.e., analog) or accumulating (i.€.,
digital) the spread beam in integrators 210-1 to 210-N to recover the signal over the
code length in order to generate the outgoing spread spectrum beams 211-1 to 211-N
having destinations in harmony with the channels they contain.

A suitable traffic channel recovery circuit shown in the FIG 3 accepts
the output of one of buses 205-N and applies it to a mixer 303 where the traffic
channel, in the illustrative embodiment, is despread with a Walsh code W, to keep
traffic channels from overlapping within a beam. This despread traffic channel 1s
integrated in the integrator 304 to reduce the sample rate to the symbol rate.
Subsequently the integrated signal is filtered by the IF filter 306. If the despreading
is done digitally, the filtering step is incorporated in the despreading operation. The
filtered traffic channel is respread by an output beam Walsh code W ,, 1n the mixer
307 to uniquely identify the user. and further respread by a downlink pseudo-
random beam code in the mixer 309 to identify the outgoing beam transporting the
traffic channel. The output of mixer 309 is overspread with an orthogonal Walsh

code W in the mixer 311 to separate the output beams on the overspread bus. The
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output of mixer 311 for application to the summing circuit is as shown in F1G. 1.

A matrix is used, in the illustrative embodiment, for coupling traffic
channels of an incoming CDMA beam to an outgoing CDMA beam. An illustrative
matrix (for three beams) which may be used in the control unit for directing uplink
traffic channels to downlink beams is shown in the FIG. 4 and may be contained n
the control unit as part of a stored program. As shown the columns are identified
with the downlink CDMA beams and the rows are identified with the uplink CDMA
beams. Each uplink and downlink CDMA contains a plurality of user traffic
incoming channels U, + U, +---+ U, and outgoing U, + Uy +---+ U,
respectively. The matrix entries indicate the codes to be used for the uplink and

downlink traffic channels. This assui'es that the downlink traffic channels are
included in the desired downlink beam.
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Claims:

1. A method of switching a channel from an incoming spread spectrum beam to
an outgoing spread spectrum beam, comprising the steps of:

coding each channel in the incoming spread spectrum beam in a manner to
enhance channel separation and reduce interference between individual channels contained
within the beams and recovering individual traffic channels by application of a user specific
pseudo random beam code;

summing all recovered traffic channels onto an overspread bus;

directing and combining recovered individual traffic channels from the
overspread bus into outgoing spread spectrum beams each having a destination in common

with the traffic channels it contains.

2. A method of switching a channel from an incoming spread spectrum beam to
an outgoing spread spectrum beam as claimed in claim 1:

wherein the step of coding each channel includes overspreading with

application of an overspreading code.

3. A method of switching a channel from an incoming spread spectrum beam to
an outgoing spread spectrum beam as claimed in claim 1:
wherein the step of coding each channel includes IF filtering of the traffic

channel during traffic channel recovery.

4. A method of switching a channel from an incoming spread spectrum beam to
an outgoing spread spectrum beam as claimed in claim 1:
wherein the step of directing and combining includes a step of mixing with a

Walsh code and summing the mixed signal for a code word length.

5. A method of switching a channel from an incoming spread spectrum beam to

an outgoing spread spectrum beam as claimed in claim 4:
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wherein the step ot directing and combining includes the step of recovering

individual outgoing beams by application of a despreading code in a mixer.

6. A switching system for switching a channel from an incoming spread
spectrum beam to an outgoing spread spectrum beam, comprising:

frequency conversion circuitry connected for receiving incoming spread
spectrum RF beams and for converting them to IF beams;

mixer circuitry for despreading the IF beams with a pseudo-random beam code;

a plurality of traffic channel recovery circuits connected to receive the spread
[F beams and operating to recover individual traffic channels; and the traffic channel
recovery circuit including:

a plurality of destination selecting mixers each connected to receive the traffic
channel recovery circuit output and applying an overspreading code to the traffic channels:

means for forming outgoing spread spectrum beams having destinations in

common with traftic channels contained within.

7. A switching system for switching a channel from an incoming spread
spectrum beam to an outgoing spread spectrum beam, as claimed in claim 6, comprising:

wherein the plurality of destination selecting mixers include:

a first destination selection mixer for identifying the user within the destination
beam; and '

a second destination selection mixer for identifying the output beams and their

destinations.

8. A switching system for switching a channel from an incoming spread
spectrum beam to an outgoing spread spectrum beam, as claimed in claim 6, comprising:
the tratfic channel recovery circuit further including:

an overspreading mixer for overspreading outgoing traffic channels.
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9. A switching system for switching a channel from an incoming spread
spectrum beam to an outgoing spread spectrum beam, as claimed in claim 6, comprising:

wherein the outgoing beam is mixed in the destination selecting mixer with an
orthogonal code and processed by an integrator to recover the outgoing channel for the length

of an overspreading code.

10. A switching system for switching in the sky a channel from an incoming
spread spectrum RF beam to an outgoing spread spectrum RF beam,

CHARACTERIZED BY:

frequency conversion circuitry connected for receiving incoming spread
spectrum RF beams and for downconverting them to IF beams;

means for applying a pseudo-random beam code g, to identify individual
channels;

a plurality of traffic channel recovery circuits connected to receive a plurality
of spread IF beams and by further despreading and spreading by orthogonal codes recovering
identities of individual tratfic channels; the traffic channel recovery circuit including:

circuitry for despreading IF beams with the orthogonal code to prevent
overlapping of channels within a beam;

circuitry for integrating the despread IF beams to recover traffic channels and

reduce their sample rate to a symbol rate;

circuitry respreading the IF beam with the orthogonal code to uniquely identify

channel users; and

circuitry for respreading the IF beam by a pseudo-random beam code to

identify the outgoing beam code carrying the channel to its destination.

11. A switching system for switching in the sky a channel from an incoming
spread spectrum RF beam to an outgoing spread spectrum RF beam, as claimed in claim 10,
further comprising:

circuitry for overspreading the output beam to separate different output beams.
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12. A switching system for switching in the sky a channel from an incoming
spread spectrum RF beam to an outgoing spread spectrum RF beam, as claimed in claim 10,
further comprising:

the means for applying including a mixer circuit for despreading the IF beams

5 with the pseudo-random beam code g,
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