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ADVANCED COMSAT SYSTEM DESIGN

W. Morris Holmes, Jr.
TRW Defense and Space Systems Group

One Space Park
Redondo Beach, CA 90278

ABSTRACT

Current Domestic C-Band Satellite Systems in the United States all operate in a
distribution mode, in that all information is transmitted to the entire satellite coverage area.
These systems are optimum for television distribution and other information channels
requiring simultaneous delivery to many receive terminals. For point-to-point
communications current satellite systems provide very inefficient use of the spectrum/orbit
resource. This paper recommends use of multiple beam C-Band satellites with frequency
reuse in different geographic locations. This approach can provide more than ten times as
much communications for each orbit slot. Compatibility with current systems is shown to
limit satellite EIRP and G/T, so that the satellite required is relatively easy to implement.

INTRODUCTION

The spectrum/orbit resource used for United States domestic satellite communications is
approaching saturation. NASA studies (References 1, 2,) predict that the demand will
cross over the spectrum/orbit saturation point in the late 1980s or early 1990s. Since these
studies were conducted the FCC has authorized construction of 25 new satellites
(Reference 3). While the exact date of saturation, and the mix of satellite services in use at
saturation (voice, video conferencing, video distribution, data, etc.) are open to question,
saturation will occur unless new technologies are used to expand and better utilize the
spectrum/orbit resource.

One approach to increasing satellite communications capacity is opening up the 30/20
GHz bands where 2.5 GHz of bandwidth is available, and where the small antenna
beamwidths available let us reuse the same frequencies many times. This is being pursued
by the NASA Lewis Research Center Advanced Communications Satellite project with
support by many aerospace companies, communications common carriers, and government
agencies.



The technologies being developed by NASA LeRC will not only provide an enormous new
resource at 30 and 20 GHz; the technologies developed will improve the spectrum/orbit
communications efficiency at lower frequencies. The specific technologies that can be
transferred include:

• Very narrow beamwidth multiple-beam-antennas

• Very narrow beamwidth multiple-scanning-beam-antennas

• Large satellite-switched-time-division-multiple-access (SSTDMA) crossbar switches

• Baseband processors with demodulation, routing, adaptive forward-error-correction
(FEC), and remodulation onboard the satellite.

Other technologies such as transmitters, receivers, and specific antenna designs can only
be used at their design frequencies. Advanced Communications Satellite project
technologies provide a new set of tools to the satellite communications system designer.
This paper will consider uses for these tools at C-Band.

Before proceeding further we must make a clear distinction between point-to-point
communications and distribution communications. The distinction is obvious and clear but
the importance of the distinction to satellite communications is often not recognized.
Telephone communications are almost invariably point-to-point. So are most data
communications and video conferencing services. These involve a single origin and a
single destination for each message. Even for telephone conference calls or large video
conferences, the number of destinations is small.

The communications traffic on many current satellite transponders is television program
distribution. This traffic originates at a single point (for each message) and has thousands
of destinations; in some cases more destinations than the originator desires. Current
C-Band satellites with their single antenna beams covering the United States are optimum
for this service (Figure 1). It costs no more to send a message to thousands of small
terminals than to send it to a single point, except for the cost of the receiving terminals.
Small TV RO terminals have become very inexpensive.

A different way to say the same thing is: it costs no less to send a message to a single
point. Systems that broadcast all their traffic over the entire United States are very
inefficient for point-to-point communications. Satellite power is wasted sending signals to
places they are not needed. And, most important, the unwanted signals jam the radio
spectrum and prevent using the same frequencies and satellite location in different 



geographic areas. Figure 2 compares the communications bandwidth available with the
two approaches.

The technologies being developed for the Advanced Communications Project are point-to-
point technologies. At the 30 and 20 GHz radio frequencies, high antenna gain is needed to
combat rain losses and offset lower transmitter efficiencies. Since antenna gain and
coverage are inversely related, these high frequencies seem more suited to point-to-point
communications.

Any C-Band satellite communications system designed for efficient point-to-point
operation must be compatible with current C-Band systems. Since current United States-
coverage systems are efficient for distribution, their use will continue for the foreseeable
future. Cross system interference considerations then require that any new system have
similar signal power densities for both uplink and downlink. Higher power levels in any
new system will cause excessive interference to old systems. Lower power levels will
cause excessive susceptibility to spurious sidelobes from older systems. Thus any C-Band
point-to-point communications system will require terrestrial antennas, transmitters, and
receivers with performance similar to those now in use. The effect of this limitation on
satellite design is interesting.

SYSTEM DESCRIPTION

Consider a C-Band point-to-point system with 0.75E satellite antenna beams. The transmit
antenna must be 13 meters diameter, and should be a deployable dish for Space
Transportation System (STS or Shuttle) launch. The receive antenna is 9 meters diameter
for equal beamwidth, and must also fold to fit into the shuttle bay. Such a spacecraft
design is shown in Figure 3. While these are larger than current communications system
antennas, all the necessary technology is currently available: the folding dishes from TRW
in-house research, antenna feed systems scaled from those developed from the Advanced
Communications Satellite Project, and beam-scanning technology that we will discuss
below.

Satellite EIRP and G/T budgets are presented in Figure 3. Because of the combination of
high antenna gain and low EIRP and G/T requirements, Figure 3 shows that very large
losses are acceptable in the satellite RF system. Remember that we are using narrow beam
antennas primarily for frequency isolation and reuse. The gain that results is a side-effect
of the frequency-reuse design.

Since we can use relatively lossy RF components, we are free to use very fast diode
switches for both redundancy and for switching active transmitters and receivers between 



different beams over a TDMA frame period. Conceptual block diagram for such a system
is shown in Figure 4.

The conceptual design shown has 72 beams. Many of these beams will not be fully loaded,
because the domestic communications traffic of the United States is very nonuniformly
distributed over its geographic area. Figure 2 assumes that full practical loading
corresponds to about 12 GBPS of data or about 48 loaded beams. Each beam carries data
at a total of 250 Mbps, but this is divided among three carriers: one at 125 Mbps and two
at 62.5 Mbps. Only 250 MHz is available on each beam since a “four-color” map is used
for beam isolation. The “four-color” separation consists of using two orthogonal linear
polarizations and two frequency bands within the 500 MHz allocated band.

The example communications subsystem is most easily mechanized using double
frequency conversion. The receivers shift frequency down to an intermediate frequency
and the transmitters shift back up. This is necessary to have a single frequency plan at the
switches and allow complete interconnection flexibility.

If all transmitters and receivers were active all the time, the result is three independent
72-beam SSTDMA systems. But we are able to use very fast diode switches between the
antenna and the transmitters and receivers. This allows us to use fewer transmitters and
receivers than beams, switching a transmitter/receiver pair between two pairs of antenna
feeds. Power is reduced somewhat, but the primary advantage is very high level
redundancy which can make the system extremely reliable.

Antenna design is relatively easy for the point-to-point C-Band satellite. Offset reflectors
are needed because of the large physical size and the resulting blockage resulting from the
cluster of independent beam feeds. The antennas must be deployable mesh designs to fit
into the shuttle bay. Feed system losses are unimportant. This allows lightweight and
relatively inexpensive distribution networks and feeds.

Terminals to operate with this system have the same antenna requirements as current
C-Band terminals, since comparability was an initial criterion. The transmit and LNA
systems are relatively unchanged, except that the transmitters are now operated in a
TDMA burst-mode. TDMA exciters, demodulators, and input/output buffers are required.

CONCLUSION

The primary difference between the point-to-point system and current C-Band systems is
an order-of-magnitude increase in orbit-slot utilization. The point-to-point satellite design
approach can provide a reuse factor that greatly increases C-Band capacity, and operates
compatibly with current domestic C-Band satellite systems. Future orbit utilization



planning should include a mix of both system types to meet both distribution and point-to-
point communications requirements.
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Figure 1.  TYPES OF FREQUENCY REUSE



Figure 2.  COMMUNICATIONS BANDWIDTH AVAILABLE
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Figure 3.  EIRP AND G/T BUDGETS FOR 0.75EE BEAM SYSTEM
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Figure 4.  CONCEPTUAL PAYLOAD DESIGN



Figure 5.  COMMUNICATIONS FREQUENCY PLAN



Figure 6.  C-BAND POINT-TO-POINT SPACECRAFT


