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UPLINK TRANSMISSION AND RECEPTION
TECHNIQUES FOR A PROCESSING
SATELLITEATION SATELLITE

BACKGROUND OF THE INVENTION

This invention relates to a processing communication
satellite and more particularly relates to uplink reception and
transmission techniques for such satellites.

A multibeam processing satellite system requires a com-
prehensive and consistent approach to its transmission
system, including both its uplink and its downlink. Since the
uplink and downlink transmission systems are decoupled by
the processing (by demodulation, decoding, and switching)
on the satellite, these two parts may be defined separately.
The uplink transmission system definition must include all
aspects relating to the spatial, polarization, spectral, and
temporal attributes and, in particular, methods of multiple
access to permit many users to utilize the uplink concur-
rently. Additionally, various data handling issues, including
error control and protocol aspects relating to the way that
transmission data are organized, must be defined.

BRIEF SUMMARY OF THE INVENTION

The preferred forms of the invention include both uplink
transmitting techniques and uplink reception techniques.
Regarding the uplink transmitting techniques, a preferred
form of the invention is useful for generating and transmit-
ting data in an available spectrum of frequencies suitable for
use by a processing satellite. Data cells are provided at one
or more earth terminals based on traffic received from one or
more user applications. The terminals also provide a syn-
chronizing burst timing signal. Data bursts are generated by
coordinating a predetermined number of data cells with a
predetermined error correction code, preferably in one or
more encoders. The error correction code includes a first
error correction code and a second error correction code.
The code rate of the first code is a multiple of the code rate
of the second code. Data frames are generated from a group
of data frame types by coordinating the data bursts with
synchronizing bursts timed in response to the synchronizing
burst timing signal, preferably by using encoders. Data
frames are modulated by a predetermined form of modula-
tion to enable placement of the modulated data frames into
a plurality of channels selected from a group of channels
having a plurality of channel rates definable in symbols per
second, preferably by one or more modulators. The modu-
lated data frames are transmitted over one or more beams
with a predetermined form of polarization, preferably by one
or more uplink antennas.

The uplink reception techniques are useful for receiving
and processing radio carrier signals in an available spectrum
of frequencies for use in a processing communication sys-
tem. One or more beams of the radio carrier signals are
received with one or more forms of polarization and
modulation, preferably by a reception antenna. The radio
carrier signals are demodulated into a plurality of channels
including a plurality of channel types having a plurality of
channel rates definable in symbols per second, preferably by
one or more demodulators. The demodulators demodulate a
sufficient number of different frequencies so as to allow up
to a predetermined number of bands of frequencies, allow up
to a predetermined number of channels of frequencies within
each of the bands and allow up to a predetermined number
of first subchannels of frequencies or up to a predetermined
number of second subchannels of frequencies within each

10

20

25

30

35

40

45

50

55

60

65

2

channel. The demodulators also demodulate the channels
into data frames including a plurality of data frame types.
The data frames are decoded into data bursts and synchro-
nizing bursts, preferably by a decoder circuit. The error
correction code includes a first error correction code and a
second error correction code. The code rate of the first code
is a multiple of the code rate of the second code. Clock
signals are generated for timing the demodulation and
decoding, preferably by a clock. A synchronizing burst
timing signal representative of at least one characteristic of
the clock signals is generated, preferably by a signal gen-
erator. The timing signal is suitable for transmission to the
ground. The decoded data cells are transmitted for further
processing, preferably in the satellite.

According to another form of the invention, radio waves
are generated for use by a processing communication sat-
ellite. The radio waves are generated in one or more beams
having one or more forms of polarization and a predeter-
mined form of modulation, and are generated with a suffi-
cient number of different frequencies so as to allow four
bands of frequencies and seven channels of frequencies
within each of the bands. The channels-have a plurality of
channel rates definable in symbols per second and have a
channel spacing ratio of about 5/4. The channels also allow
five first subchannels of frequencies or 25 second subchan-
nels of frequencies within each channel. The radio waves
also are generated to represent data frames having the same
duration and defining multiple frequency TDMA channel
slots. The data frames have a plurality of data frame types
within the channels and subchannels, and the data frame
types differ by the number of data bursts and synchronizing
bursts transmitted per frame as a function of the channel
rates. The radio waves also are generated to represent data
bursts and synchronizing bursts within the data frames. At
least some of the frames have a number of data bursts which
are a multiple of the number of synchronizing bursts. The
radio waves also are generated to represent four data cells
within the data bursts.

The foregoing techniques offer significant advantages
over prior techniques. For example, the preferred forms of
the invention permit extensive frequency reuse and permit
low power and low cost earth terminals because the modu-
lators and demodulators are organized to allow low speed
channels. The modulators and demodulators also are suffi-
ciently flexible to provide for common medium speed usage,
such as video conferencing with low end terminals.

The preferred forms of the invention also permit a grace-
ful growth of uplink capacity by concurrent use of multiple
frequency channels and deterministic order of transit of
uplinked data. The preferred forms of the invention also
accommodate existing formats of the pliesiochronous digital
hierarchy (PDH) because of higher speed options, and
provide two levels of transmission to accommodate adap-
tation to rain events and to increase usable uplink capacity.
The preferred forms of the invention mesh with ATM
(asynchronous transfer mode) standards.

The synchronizing bursts of the preferred embodiments
provide for continuing time synchronization of terminals
whether in the active or standby condition. The preferred
frequency placements and symbol rates facilitate digital
channelization, and the preferred frequency placement and
spectral shaping permit efficient usage of uplink spectrum.
In addition, the preferred form of burst format permits
coherent demodulation.

The preferred forms of the invention also include error
control methods which provide highly efficient usage of
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uplink power. The time usage techniques provided for in the
preferred embodiments permit bandwidth on demand
assignments with a small quantum. The described tech-
niques also are well adapted to highly efficient DAMA
methods for low duty cycle usage such as “web browsing.”

In summary, the preferred forms of the invention provide
uplink transmission and reception, as well as radio wave
generation, that are highly efficient, versatile, and accurate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of a preferred form
of transmission and reception apparatus made in accordance
with the invention.

FIG. 2 is a schematic block diagram of a preferred form
of uplink transmission subsystem made in accordance with
the present invention.

FIG. 3 illustrates a preferred form of frequency layout of
uplink channelization made in accordance with the preferred
embodiment.

FIG. 4 illustrates a time layout of an uplink frame format
in accordance with a preferred embodiment of the invention.

FIG. 5 is an illustration of a preferred form of beam lay
down pattern for use in connection with the preferred form
of the present invention.

FIG. 6 illustrates a preferred form of multibeam coverage
pattern enabling frequency reuse in accordance with the
preferred form of the invention.

FIG. 7 is a schematic block diagram illustrating a pre-
ferred form of earth terminal uplink transmission equipment
made in accordance with the invention.

FIG. 8 is a schematic block diagram of a preferred form
of satellite reception apparatus made in accordance with the
present invention.

FIG. 9 is a schematic block diagram illustrating additional
details of the circuitry shown in FIG. 8.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, a preferred form of the invention
includes one or more satellites, such as satellite 100, in
geostationary orbit. Satellite 100 contains a processor 102
that performs a cell switching function. The processor’s
controller 114 configures a cell switch 104 based on com-
mands received from one or more ground-based Network
Operations Center (NOCs) such as NOC 300. The NOC 300
provides ATM switch management functionality, including
control of call admission and maintenance of signaling with
one or more User Earth Terminals (UETSs), such as UET 400,
required to establish an ATM switched virtual circuit.

The payload of satellite 100 is controlled by NOC 300
which may control multiple satellites.

ATM cells transmit user data through the system, from
source UET 400 to a destination UET (not shown but
functionally identical to source UET 400). This is the
primary system flow, starting from the AAL/ATM compo-
nent 402 within the UET 400; flowing through the UET’s RF
interface 404 and antenna 406; through the satellite pay-
load’s uplink antenna 106 and RF interface 108; switched
through the processor 102 through the payload’s downlink
RF interface 110 and antenna 112; and finally through the
destination UET’s antenna and RF interface to the destina-
tion UET’s ATM/AAL component (not shown).

User data is transferred between the system and a user
device 408 via the “External User Data” flow. This data flow,
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which is in a format unique to the user device, yet based on
industry standards, is converted into a UET internal format
(e.g., a PCI bus) by a user device interface 410 and trans-
ferred to the ATM/AAL component 402 where it is reformed
into an ATM cell flow. In addition to the transfer of user data,
ATM cells are used to transport signaling. This data flow
includes the signaling of messages between the controllers
located in the NOC 300, payload processor 102 and UET
400. ATM cells are used in this stream for two reasons. First,
the satellite payload’s controller can exchange messages
with any UET and NOC by simply sending an ATM cell with
the correct address to the cell switch 104. The controller-
switch interface is then just like any other switch port.
Second, the multiple access scheme in the UET and NOC
must already address the insertion of ATM cells into the
transmission subsystem to carry user data. Inserting signal-
ing messages into this data stream is made simpler by using
the same ATM cell format.

Control and management signals are provided internal to
each component: the terminal controller unit 412 in the UET
400 must signal the RF interface 404 to tune to a particular
frequency, for example. The payload controller 114 must
collect traffic statistics from the demodulators; telemetry
data is collected within the NOC’s TT&C 301 and trans-
ferred to the satellite 100; the payload controller 114 must
configure the switch 104 to route virtual circuits; timing and
frequency signals must be passed to many payload
components, etc.

UET 400 provides the capability to connect user devices
to the network. The term “user device” refers to any com-
munication equipment that conforms to industry standard
interfaces, including PCs, telephones, set-top boxes, ATM
switches, IP routers, UNIX workstations, etc.

User devices communicate with other user devices,
attached to other UETs through the use of ATM switched
virtual circuits (VCs). Individual VCs are established and
maintained through signaling messages exchanged between
NOC 300 and the UET 400. A single UET can support
multiple VCs and user devices.

The user device 408 may or may not support the ATM
protocols. For non-ATM user devices, the UET 400 encap-
sulates the user data stream in ATM cells for transmission
across the network. The destination UET then recovers the
user data stream which is passed to the destination user
device.

User device 408 represents a variety of current consumer
electronics devices, including personal computers, set-top
boxes, interactive game players, and Web-TV devices. These
devices interface with the Network Interface Unit (NIU) 414
via industry standard interfaces or “ports” including the
RJ-11 telephone jack; PC buses such as EISA, PCI and
SCSI; LAN networks such as Ethernet and IEEE 802.3; and
video and audio ports.

The external interface components of the NIU 414 pro-
vides the mechanical and electrical interface to the user
device. Functionally, a unique line interface exists for each
type of interface (RJ-11, PCI, 802.3). Physically, a single
NIU may include several line interfaces. For example, an
NIU may be packaged as a “plug-in” card for a PCI bus and
provide RJ-11 and IEEE 802.3 line interfaces.

Component 402 within the NIU 414 is responsible for
converting a stream of bits produced by the user device
interface into ATM cells. In order to produce ATM cells, this
component implements various ATM Adaption Layer
(AAL) protocols. It is also responsible for inserting mes-
sages produced by the controller into the ATM “stream” and
removing ATM cells received from the network destined for
the controller.

Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



Copy provided by USPTO from the PIRS Image Database on 07-25-2003



