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ABSTRACT

An on-board baseband processor concept developed for commercial communications
satellite systems planned for the 1990s is described. The baseband processor, which
operates in a time-division multiple access mode, provides significant advantages in
improved link margins and system flexibility in accommodating varying demands from a
large number of users because of its ability to route and control message traffic on an
individual basis. This concept is currently being implemented in a proof-of-concept model
with the main objective of developing the technology required to support detailed design
and fabrication for an experimental satellite to be launched in 1987. This technology
development includes serial MSK modems, Clos-type baseband routing switch, a single-
chip custom CMOS maximum-likelihood convolutional decoder, and custom LSI
implementation of high speed, low power ECL building blocks.

INTRODUCTION

Recent studies [1-8] indicate an ever increasing demand for direct long-haul
communications of voice, video, and data. These studies also indicate that satellites
operating at Ka-band (i.e., 30 and 20 GHz) could potentially enable large numbers of
users, each equipped with an on-site terminal, to communicate directly and on a cost
competitive basis. There are two essential factors that make direct customer premise
service feasible at Ka-band, namely (1) the wide bandwidth allocation (2.5 GHz), and (2)
the ability to produce multibeam narrow beam-width scanning antennas to effect multiple
reuse of the spectrum allocation. One of the major hurdles challenging operational
implementation of customer premise service is the development of the technology for
processing and routing the traffic. By employing baseband digital processing on board the
satellite, it is possible to provide a number of significant advantages including (1)
improved link margins and rain-fade compensation through the use of forward error



correction coding, (2) error detection and control, (3) flexibility in accommodating varying
demands from a large number of users, and (4) flexibility in routing control by separate
“orderwire” instructions.

The design concepts for the baseband processor (BBP) have been developed and are
described in this paper. Because the BBP is the heart of such a communication satellite
system, a system concept was formulated and analyzed, including both the ground and
space segments. Currently on-going is the design, fabrication, and test of the advanced
technology development for the BBP required to support detailed design and fabrication of
an experimental satellite to be launched in 1987. The primary design drivers for this
development program include low cost customer premise service (CPS) terminals and
reasonable satellite power and weight for an operational system.

30/20 GHz COMMUNICATION SYSTEM OVERVIEW

The architecture of the 30/20 GHz Communications System provides digital data
communications between individual users via trunking and CPS terminals. It utilizes a
central switching satellite operating in time-division multiple access (TDMA) modes at IF
and at baseband with central system control via a master control terminal (MCT). The
satellite throughput is a total of 10 Gb/s with 4 Gb/s being handled by the BBP.

The major features of the architectural design include: nonblocking circuit switching of
individual 64 Kb/s channels in a 64-bit word format; low overhead system command,
monitor, and control functions by the use of an orderwire link integral with the
communication links; user access via a demand-assigned multiple access reservation
protocol; satellite-maintained word synchronization; CPS/trunking terminal cross-
connection capability to provide CPS access to the terrestrial network; and a centralized
network control that minimizes CPS terminal complexity. The major features of the system
design include: effective spectrum usage in the channelization and modulation approach;
accommodation of over 2100 CPS user terminals with varying communication capacities;
use of forward error correction coding to provide link improvement to overcome rain fade;
and user entry typically within two or three seconds.

SATELLITE PAYLOAD

A communications payload for the operational system is shown in Figure 1. Based on the
projected traffic requirements for a 1990’s satellite system serving the contiguous United
States (CONUS), a multiple-beam antenna provides coverage for 18 fixed-beam spots and
for 22 spots utilizing six sectorized scanning beams. Major trunk traffic in each of the
fixed beams is converted to IF by a receiver and coupled to the satellite-switched TDMA
IF switch, where it is switched on a message-to-message basis to either the transmitter



associated with the intended destination beam or to one of three high-rate BBP cross-
traffic inputs. The transmitter upconverts the IF frequency to the downlink RF frequency
and provides power amplification.

CPS traffic in each of the fixed beams is downconverted to IF by a receiver. The 18 fixed
beam IFs are sampled five at a time and coupled to the BBP. Customer premise service
traffic in each of the six scanning beams is also downconverted and coupled to the BBP.
The BBP demodulates the individual messages, performs any required processing (e.g.,
synchronization, decoding, or encoding), and sorts the data according to its intended
destination. An IF carrier is modulated by the sorted data and coupled to the appropriate
transmitter for upconversion, amplification, and transmission from the fixed or scanning
beams. Uplink CPS cross-traffic messages intended for reception by a main trunk terminal
are routed to the appropriate main trunk transmitter via the IF switch.

BASEBAND PROCESSOR DESIGN

Requirements

Functionally, the baseband processor (BBP), as part of the satellite transponder system, is
required to process, route, and control message traffic among individual users. To this end,
the BBP (1) demodulates the channelized uplink TDMA transmissions, (2) transfers the
demodulated data on a store-and-forward basis wherein message segments are
accumulated in the output registers according to their intended destinations, (3)
remodulates the sorted data for downlink transmission (the downlink channelization
approaches a pure TDM architecture), and (4) provides network timing and
synchronization.

The routing requirements of the BBP include nonblocking switching of data on individual
channels, interconnection of any terminal to any other terminal on a point-to-point basis,
and interconnection of any terminal to any other set of terminals in a limited broadcast
mode. The required throughput capacity based on the traffic model is 4 Gb/s while the
actual throughput is 6 Gb/s, allowing significant system CPS expansion. The basic beam
demodulation and modulation capability is 440 Mb/s using 27.5 Mb/s or 110 Mb/s uplink
channels and dual 220 Mb/s downlink channels. In addition, there are three 550 Mb/s
channels up and down, for interconnections between trunking and CPS terminals. Serial
minimum-shift-keying (SMSK) modulation is used for all channels to simplify the
modulation and demodulation equipment and significantly reduce the detection
performance degradation due to channel and hardware imperfections.

Normal clear weather CPS traffic is carried without forward error correction (FEC). Under
rain-fade conditions, FEC is utilized to provide 10 dB increased link performance to



maintain a 10-6 bit error rate (BER). Centralized uplink FEC decoding with a capacity of
150 Mb/s is adoptively provided. The burst decoder structure utilizes maximum-likelihood
soft decision decoding. Distributed downlink FEC encoding is provided, as required, on
each CPS beam.

General Description

There are basically three sources of input to the BBP as shown in Figure 2: (1) the high
rate (550 Mb/s) fixed-beam main trunk IF inputs, (2) the fixed-beam CPS IF inputs, and
(3) the scanning-beam CPS IF inputs. The time-division multiplexed packets of high-rate
data on each main trunk input are detected by a dedicated demodulator and output as two
275 Mb/s data streams to a pair of input memory assemblies. The CPS traffic on both the
fixed and scanning beams is spectrally identical at the BBP inputs. Each CPS beam is
comprised of a number of frequency-division multiplexed (FDM) channels at burst rates of
110 Mb/s or 27.5 Mb/s such that the total beam capacity does not exceed 440 Mb/s.
Spectrally, the 1 GHz CPS band is divided into four 110 Mb s channels. At any given
time, four simultaneous 27.5 Mb/s bursts may occupy the spectral allocation of any one of
the 110 Mb/s channels. The time-division multiplexed packets of data on each FDM
channel are detected by a dedicated demodulator. The data from each active 110 Mb/s
demodulator is stored into its corresponding input memory. The data from four adjacent
27.5 Mb/s demodulators are multiplexed into one input memory corresponding to the
spectrally-shared 110 Mb/s channel. Thus, for each main trunk input there are two
275-kilobit-capacity input memories (based on a one millisecond time frame), and for each
CPS beam there are four 110-kilobit-capacity input memories.

All data stored in one time frame are then transferred (“mapped”) during the next time
frame to the output memories via the baseband routing switch (BRS). This data transfer
occurs at 275 Mb/s (based on the main trunk data rate requirements). To minimize the
number of input connections to the BRS, input memories in the CPS beams are paired to
produce the equivalent of 220 Mb/s of message data transferred at 275 Mb/s through each
port of the BRS. Each output port of the BRS is connected to an output memory. Each
main trunk output requires two 275-kilobit-capacity memories while each CPS output
requires two 220-kilobit-capacity memories.

At the end of the data transfer time frame, the data is output to the modulators for
downlink transmission. The data from a pair of output memories in each main trunk
channel are multiplexed into a single 550 Mb/s data stream to modulate the corresponding
main-trunk IF carrier. The data from each output memory in the fixed or scanning beam
channels is coupled to a corresponding 220 Mb/s modulator. Data requiring FEC are
serially encoded prior to modulation. At each fixed and scanning beam output, two 



modulator IF outputs are combined to provide two 220 Mb/s downlink FDM channels per
beam.

Modems

The modulation format selection is based on four constraints: (1) it should be bandwidth
efficient in terms of transmitted bits/Hz, (2) it should have constant envelope amplitude,
(3) it should minimize adjacent channel interference, and (4) it should result in a hardware
design that minimizes size and weight and maximizes reliability. PSK modulation is an
optimal constant-amplitude format in that minimum Eb/No is required to achieve a given
BER. The forms of PSK most commonly used for data-efficient links are QPSK, O-QPSK,
and MSK. MSK has an inherent advantage over the QPSK formats for a multiple-channel
TDMA system in that side lobe energy is less than one percent of the total, while in QPSK
this energy is about 10 percent.

Because of the large number (>250) of demodulators required in an operational system, it
is desirable to utilize an implementation with the hardware simplicity of BPSK. One such
modulation technique is serial -MSK. The generation and detection of MSK signals can be
simplified by operating on a single serial data line rather than two lines as commonly used.
This technique uses an approach presented by Amoroso and Kivett [9] which uses a
conversion filter and matched filter operating on a biphase modulated signal to generate an
MSK signal. The simplicity of the resulting SMSK demodulator design (see Figure 3)
allows implementation of the major portions of the rapid acquisition carrier tracking loop
and clock synchronizer/data detector loop in a single custom ECL LSI circuit for data rates
up to220 Mb/s. The soft (FECchannel ) demodulators in the spacecraft use the same IC
design and do not require narrowband input filtering to provide adjacent channel rejection.
Aided acquisition techniques speed up acquisition time by resolving ambiguities in the
carrier and clock loops. Performance goals for the design are summarized in Table 1.

Memories

Because of the data storage requirements imposed by the use of scanning beams and the
TDMA system architecture, the memory architecture plays a key role in developing a
viable concept for the BBP that can meet the weight and power constrain for flight
hardware. The sheer volume of data requiring storage prior to routing, in even the smallest
practical time frame, necessitates the use of low power CMOS memories. Since CMOS
memories will not operate  directly at the required data rates, data is stored and retrieved
on a word (64-bits) basis through the use of serial-to-parallel (S-P) and parallel-to-serial
(P-S) converters. The structuring of the messages into words has several other advantages,
such as reduction of control memory depth and simplification of the timing and control
circuitry required within the BBP. The large number of S-P and P-S converters in the BBP 



Table 1. SMSK Demodulator Performance Goals

Parameter Goal

Acquisition Time

BER Degradation Due to Hardware
Imperfections

Adjacent Channel Interference BER
Degradation

AGC Range

Power

Size

Less than one 64-bit word

Less than 1.0 dB from theoretical for 10-7<
PE< 10-3 

Less than 1.0 dB from theoretical at worst
case input conditions

±10 dB

480 mW

4 in.3

necessitates custom ECL and CMOS LSI designs for these converters to minimize power
requirements commensurate with the serial clocking speeds.

Separate input and output memories (see Figure 2) are required to provide the degree-of-
freedom to ensure nonblocking connection of any input word on any uplink channel to any
output word on any downlink channel. The memory architecture used in the BBP, based
on projected capability of CMOS RAMs in 1982, is shown in Figure 4. In the case of any
input memory, baseband data is sequentially input into one of the two data memories,
while data stored in the second memory during the previous time frame is being output on
a word-by-word basis under control of its control memory. At the end of each time frame,
the read/write operations are reversed. An output memory functions identically except data
is read into memory from the routing switch under control of the control memory and is
written out to the modulator sequentially.

The methodology by which the control memory is arranged is very important in preventing
data blockage. The problem is to arrange each control memory in such a manner as to
allow 32 simultaneous transfers to 32 different outputs. There exist 4297 switch positions
in one frame (1 ms x 275 Mb/s/64-bit words). Each input and output word time is
considered as columns of an input/output matrix, each matrix size being 32 x 4297. The
problem is now reduced to generating a mapping matrix which will allow 32 cells from
different columns of the input matrix to be transferred simultaneously to cells in 32
different columns of the output matrix. This matrix will be generated by the MCT, and the
resulting control memory data will be transferred to the BBP via the satellite control link.



Forward Error Correction

The employment of FEC to or from the CPS ground terminals to improve communication
reliability during rain fades at Ka-band involves numerous trade-offs. The data block
structure of the system appears to lend itself to block codes while the long bursts and
continuously tracked downlink lends itself to convolutional codes. The implementation of
block codes was discarded because the large block size and information rate reduction
required to provide 10 dB gain results in a large buffer memory and very complex
decoding structure. Two convolutional approaches were analyzed: sequential decoding
(SD) by the Fano algorithm and modified maximum-likelihood convolutional decoding
(MDC) by the Viterbi algorithm. The significantly greater throughput delay associated
with SD constitutes a significant advantage for MCD. The block termination effects of SD
weigh against its use for short burst users. Further, today’s VLSI CMOS capability allows
the development of a single chip MCD.

Specific parameters considered for the FEC implementation include demodulator
performance, code rate, constraint length, soft decision quantization levels, and symbol
rate reduction. The code selected is a rate 1/2, constraint length 5, 2-bit soft decision code
coupled with a symbol rate reduction of one-half. This provides a gain due to rate change
of 6 dB and a coding gain of 4 dB while maintaining a relatively high Es/No at the
demodulator. The information rate reduction results in no loss of throughput for most
spots, based on the traffic model.

Baseband Routing Switch

The baseband routing switch design is impacted by several factors: (1) the number of
input/output switch ports should be kept low, necessitating serial data transfer at high
rates, (2) the design should be modular to allow cascading of the custom ECL LSI
subswitch elements, (3) delays should be equalized to maintain data synchronization, and
(4) the number of control bits should be kept reasonable. The design selected to meet these
requirements is a three-stage network of the Clos [10] type, as shown in Figure 5.

The BRS is composed of cascaded stages of smaller 8 x 8 subswitch elements performing
the same function as eight one-of-eight data selections. It uses latched data outputs in a
pipeline configuration to achieve the high data rate capability. Control bits are also latched
to allow the use of CMOS inputs while at the same time providing less than two
nanoseconds reconfiguration speed. Word-to-word control of the BRS is provided by a
control memory functionally identical to the control memories utilized in the data memory
subassembly.



The nonblocking feature of this configuration is a result of the large number of possible
interconnecting paths. In fact, it is possible to provide the desired interconnection in the
event of a small number of single-point failures within the switch structure, given that the
mapping algorithm is designed to account for such failures.

Digital Routing Controller

The MCT communicates with the digital routing controller (DRC) on one of the 550 Mb/s
trunk channels (satellite control link) via the routing switch. The contents of the messages
range from control memory update information and satellite status to test messages echoed
back to the MCT. The DRC consists of an 8-bit, general purpose microprocessor and
associated circuitry required for timing and control of the various subassemblies within the
BBP. Control data to the other major satellite subsystems, such as the scanning antenna
and IF switch, are interfaced from the MCT via the DRC. The T, T, and C link is used as a
backup to the satellite control link.

Baseband Processor Advanced Technology

The baseband processor is based on five custom integrated circuit designs utilizing
advanced IC technologies developed at Motorola. One technology is SiG-CMOS process
that creates a high density and high speed operation from a platinum-silicide gate structure
with a 3-micron length. To date, it has been used for processing IC devices with 30,000
transistors on a 250 x 250 mil die. On the 30/20 GHz program, this process will be used to
produce:

1) a single-chip maximum-likelihood convolutional decoder for the forward error
control system.

A second IC technology is an ECL-MOSAIC process which derives high density and high
speed operation from an oxide-isolation bipolar structure with 3 micron emitter widths.
This structure produces very low parasitic, high speed devices (500 Mb/s) with high
packing density. The ECL-MOSAIC process will be used to produce:

2) a combination feed-forward-phase detector and bit synchronizer on a single chip
for the BBP’s demodulator,

3) a high speed, low power 8 x 8 switch subelement for the baseband switch
subsystem,

4) a high speed, low power ECL serial-to-CMOS parallel converter for the digital
routing processor, and



5) a high speed, low power CMOS parallel-to-ECL serial converter for the digital
routing processor.

CONCLUSION

An SS-TDMA baseband processor concept and the advanced technology being developed
to prove the flight readiness of this concept was described. Although the design is based
on a specific projected traffic model with implementation in the 30/20 GHz band, its
functional modularity allows flexible configurations to meet a variety of communications
satellite payload requirements. The goals of low power, weight, and high reliability are
being met by the use of the spectral efficiency and hardware simplicity of serial-MSK
modulation, serial high speed switching, CMOS data and control memories, nonblocking
Clos-type baseband switch, convolutional coding to maintain 10-6 bit error rate in the
presence of rain, and custom ECL and CMOS LSI development of major building blocks
such as the demodulator/bit sync, FEC decoder, and high speed switch. The current and
planned technology development will evolve through the expected advances in high speed,
radiation hardened CMOS memories, CMOS VLSI and low power ECL into a fully
operational, multi -Gb/s baseband processed communications satellite by the mid-1990s.
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Figure 1 - Satellite Payload



Figure 2 - Baseband Processor



Figure 3 - SMSK Demodulator



Figure 4 - Memory Architecture

Figure 5 - Baseband Routing Switch


