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INTRODUCTION 

Satellite common carriers face a special 
problem -- their basic communications fa­
cility cannot be repaired once in orbit. 
If a single transponder or a complete sat­
ellite fails, it is gone forever. But 
most customers have a need for continuity 
of service. Fulfillment of this need by 
satellite carriers requires that they pro­
vide backup facilities or "protection." 

Satellite carriers have responded to 
this requirement in various ways. The pur­
pose of this article is to describe RCA 
Americom's plan for service protection, to 
discuss the relative need for protection 
by various classes of customers, and to 
describe an alternate plan which might be 
adopted. 

SATELLITE RELIABILITY 

The best form of protection is to mi~ 
imize the need for it. Current communica­
tions satellites have been more reliable 
than expected, and future developments 
should make them even more so. 

A whole series of evolutionary im­
provements is being made in battery systems, 
solar arrays, component and circuit design~ 
and operating practices. In addition, be­
ginning with the launch of SATCOM V in 
October 1982, all RCA Americom satellites 
will employ solid-state transponders; 
these will eliminate the system component 
with the greatest potential for unrelia­
bility -- the travelling wave tube and its 
high voltage power supply. The cumulative 
effect will be a further improvement in 
reliability. Communications satellites 
launched in the 1980's should be highly 
reliable, indeed. 

Nevertheless, the consequences of loss 
of service are so severe for most custom­
ers, that the risk of loss is unacceptable, 
even though small. These customers should 
demand protected service, and their car­
riers should plan their systems to provide 
it. 

147 

PROTECTION FOR INDIVIDUAL 
TRANSPONDER FAILURE 

RCA Americom is planning a "belt and 
suspenders" system for protection against 
individual transponder failure. This is 
illustrated in Figure 1. 

ACTIVE 
TRANSPONDERS 

SPARE 
TRANSPONDERS 

,..------PREEMPT!BLE TRANSPONDERS--------, 

Figure 1 

TRANSPONDER PROTECTION PLAN 

Each bank of six transponders is pro­
vided with a spare which can be placed in 
service to replace any one of the six in 
the event of a failure. If two transpond­
ers in a single bank fail, traffic is 
restored on one of the preemptible trans­
ponders. This requires, of course, that 
any traffic on the preemptible transpond­
er be bumped. 

With this arrangement, and given the in­
herent reliability of second generation 
satellites, the probability that the car­
rier can offer protected service on 22 
transponders during the entire life of the 
satellite is extremely high. 

PROTECTION FOR SATELLITE FAILURE 

Protection for satellite failure re­
quires that sufficient preemptible trans­
ponders be provided in the system so that 
traffic on all of the protected transpond­
ers on any failed satellite can be restored 
These can be grouped on a single satellite 
or distributed among the satellites in the 
system. 

A superficial perception might indicate 
that the grouped configuration is ineffi­
cient in its use of orbital slots. It 



portrays the image of an "in-orbit spare" 
floating empty in space occupying a valu­
able orbital slot. But an examination of 
these two configurations in Table 1 shows 
that the difference in the total number of 
preemptible transponders in a five-satel­
lite system is small -- 25 vs 30. Further­
more, as will be seen later, there is a 
market need for preemptible service, and 
it is expected that the in-orbit spare 
will receive considerable utilization. 

Table 1 

GROUPED PROTECTION CONFIGURATION 

Preemptibles Distributed 

Satellite 

No. of 
Transponders 

A B C 0 E 

Protected 19 19 19 19 19 

Preemptible 5 5 5 5 5 

Preeml!tibles GrOU.ii!ed 

Satellite A B c 0 E 

No. of 
Tranponders 

Protected 22 22 22 22 2 

Preemptible 2 2 2 2 22 

Total 

95 

25 

120 

Total 

90 

30 

120 

RCA Arnericom has chosen the grouped 
configuration because customers in two of 
its markets, Alascom and the cable TV pro­
gram suppliers, require that all protected 
transponders be restored on the same sat­
ellite. In each case there is a large 
number of earth stations, all communicating 
thrQugh transponders from a single satellite, 
which must continue to communicate with a 
single satellite after traffic is restored. 

In the event of a satellite failure, 
service will not be protected from a second 
failure until another satellite is launched 
and in orbit. In order to minimize this 
time interval, RCA Arnericom plans to con­
struct a ground spare which will be kept 
in readiness for launch. In an emergency 
situation, it is expected that NASA would 
make every effort to expedite an unsched­
uled launch. The expected time for this 
would be six months from the date of the 
failure. 
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GRADES OF SERVICE 

RCA Arnericom offers three grades of 
service for transponder lease: protected, 
unprotected and preemptible. 

Protected service is restored in the 
event of either satellite or transponder 
failure. 

Unprotected service is not restored 
but cannot be preempted to protect other 
services. 

Preemptible service is not rn.ly rot re­
stored but, as its name implies, is sub­
ject to preemption by protected service. 

TARIFFED RATES 

The rates for these services reflect 
their grade with protected service having 
the highest rate and preemptible the low­
est. From the carrier's standpoint, the 
cost of providing unprotected service in a 
multi-satellite system is nearly as high 
as the cost of protected service. Hence 
the difference in Arnericom's tariffs for 
protected and unprotected service is small. 

The rate for a protected transponder 
is equal to the basic cost for that trans­
ponder plus a proportionate share of the 
net cost of the pre~ptible transponders 
in the system (the gross cost of these 
transponders less any preemptible revenue 
received) . An examination of Table 1 dis­
closes that the cost of protection will 
diminish as the number of satellites in 
the system increases. In the five-satel­
lite system shown with preemptible 
transponders grouped, 3 0 preempt'ible trans­
ponders provide protection to 90 protected 
transponders, or a ratio of 1:3. Thus, 
each protected transponder need bear only 
one-third the net cost of a preemptible 
transponder. In a two-satellite system, 
on the other hand, this ratio would be 
approximately 1:1 and each protected 
transponder would have to bear the total 
net cost of a preemptible transponder. 

SATELLITE SERVICE PROTECTION 
WHO NEEDS IT? 

Having described the means and the 
cost of satellite service protection, the 
key question, "Who needs it?" can be con­
sidered. 

A preliminary answer would be, "Every­
body!" One could make a case that commun­
ications is so vital a function that no 
one can afford a significant risk of ser­
vice interruption. And for most applica­
tions and customers this is true. There 
are, however, important exceptions -­
situations where the use of a preemptible 



service is reasonable and prudent. These 
include the following: 

• 

• 

Alternate transmission routes are 
available. 

A customer might lease preemptible 
service from two carriers -- or 
from a single carrier on separate 
satellites. The risk that both 
services would be interrupted 
would be small. 

Or, terrestrial routes might be 
available and the only penalty 
would be higher costs. 

Non-real time communication. 

Communications which are not on 
real time, i.e., batch data trans­
mission on TV commercial distri­
bution could, in an emergency, be 
handled by mail or other means. 

• Cost of service is critical. 

There are applications where cost 
is so critical to their economic 
justification that the lower rates 
of preemptible transponders makes 
them attractive even with the 
added risk. Examples are tele­
conferencing or the start-up per­
iod for an entrepreneurial TV 
program service. 

In summary, protected service is basic and 
will be required by most customers. Never­
theless, there are few specific situations 
in which the lower costs of preemptible 
service make it an attractive and reason­
able alternative. 

ALTERNATE PROTECTION CONFIGURATION 

The FCC on December 3, 1980 issued a 
satellite decision in which it authorized 
the construction of 25 satellites and the 
launch of 20. Launch of the remaining 
satellites would be authorized when need 
was demonstrated. Closely related to the 
demonstration of need was the question, 
should a valuable orbital slot be devoted 
to an in-orbit spare? The Commission 
stated that further study of this was re­
quired and established an inquiry for this 
purpose. 

As noted above, the total number of 
preemptible transponders required in a 
satellite system is nearly the same, wheth­
er they are grouped on an in-orbit spare or 
distributed throughout the system. The 
real issue, then, is not whether orbital 
slots should be devoted to in-orbit spares 
but whether preemptible transponders 
should be permitted anywhere in the system 
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whether grouped or distributed. 

There is an alternative configuration 
that could be adopted which would permit 
most of the transponders in a system to be 
designated as "protected." In this con­
figuration the in-orbit spare would be in­
active and would be co-located in the same 
orbital slot with an active operating 
satellite. If any of the satellites in 
the system failed, the spare would be 
moved to the location of the failed satel­
lite where it would be put into operation. 
The time required for this could vary from 
a few days to a few weeks, depending on 
the distance and the amount of fuel con­
sumed in the movement. This configuration 
is given in Table 2 • 

Table 2 

ALTERNATE PROTECTION PLAN 

Satellite A B c D & E (spare) Total 

No. of 
Transponders 

Protected 22 22 22 22 88 

Preemptible 2 2 2 2 8 

96 

This configuration reduced the amount 
of orbital capacity devoted to preemptible 
service, but has serious disadvantages: 

• There would be an interruption of 
service for customers utilizing a 
failed satellite while the spare was 
being moved into position. 

• Protected service would be more cost­
ly because there would be no revenue 
available from the spare to offset a 
portion of its cost. 

• The supply of preemptible transponders 
available for lease would be limited, 
probably below the level of demand. 

In view of these disadvantages, it is 
not believed that this configuration offers 
the most effective and efficient use of 
the orbital arc. 

SUMMARY 

RCA Americom's plan for satellite 
service protection has been developed as 
the result of six years experience in pro­
viding satellite service to a variety 



of customers with a wide range of service 
requirements. It has important advantages 
which make it near optimum both with res­
pect to customer service and efficiency in 
the use of the orbital arc: 

• For the majority of customers who re­
quire a high degree of service pro­
tection, it provides total restoration 
capability for both transponder and 
satellite failure. 

• For customers requiring a lower de­
gree of service protection, it pro-

~0 

• 

• 

vides preemptible service at reduced 
rates. 

Protection is provided at a reasona­
ble cost, since the cost of the pre­
emptible transponders is shared by 
all of the protected transponders in 
a five-satellite system. 

The use of a five-satellite system 
also increases the efficiency of the 
use of the orbital arc because of the 
sharing of the preemptible trans­
ponders. 




