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EXECUTIVE SUMMARY 

Because o f  rapid advances in fiber optics communications, trunking 

traf f ic  w i l l  for the most part be carried terrestrially in the future. As a 

result, point-to-point satellite communications w i l l  be dominated by 

thin-route applications. This report presents the results o f  a 12-month 

study t o  identify satellite system architectures that are most suitable f o r  

customer premise service (CPS) communications a t  30/20 GHz (Ka-band). 

However, the system architectures examined are equally applicable t o  

operation a t  141 1 1 GHz (Ku-band). 

The satellite links in the type of  system under consideration are 

shown in Figure 1. Complete single-hop interconnectivity is provided 

between any pair o f  system users. To establish such a connection, a user 

requests either a one-way channel or a two-way circuit, as needed, from 

the master control station. These requests are transmitted over an 

orderwire channel, typically making use of a random access protocol. 

When the circuit is no longer needed, it i s  restored t o  the pool of circuits 

available for reassignment. A user i s  only charged for the period in which 

he i s  assigned a circuit, much the same as in the terrestrial telephone 

network. 

Because the intent is  t o  serve large numbers of users, emphasis is 

placed on system designs that permit low-cost user terminals. The 

terminal antenna diameter is limited t o  1.2m in most of continental United 

States (CONUS); however, 1.8m antennas are permitted in heavy-rainfall 
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areas to maintain system availability. A frequency-division multiple 

access (FDMA) uplink signal format i s  selected to minimize terminal ElRP 

requirements. A 2W, solid-state transmitter suffices for a 64-kbps 

carrier, while providing a minimum end-to-end link availability of 0.99. 

The general form of the satellite payload i s  shown in  figure 2. A 

multlbeam satellite receive antenna provides CONUS coverage through a 

relatively small number of fixed area beams. The receiver output for each 

uplink beam is  demultiplexed into distinct frequency segments, each of 

which contains a large number of uplink channels. Each frequency segment 

is  fed to a "bulk" demodulator, which converts the composite FDMA input 

into a time-division-multiplexed (TDM) data stream in which the symbols 

of indlvidual input channels are interleaved. 

The baseband mu1 tiplexer transforms the large number of demodulator 

outputs Into a small number of wideband data streams for downlink 

transmission. Each wideband data stream is  transmitted via a separate 

scanning spot beam generated by a phased-array antenna configuration. 

Each scanning beam dwells on a given spot long enough to transmit a 

predetermined number of symbols from each uplink channel intended for a 

terminal within that spot. 

The baseline set of system parameters was determined by an 

interrelated set of trades that focused on: user terminal cost, satellite 

transmit antenna power requirements and complexity, bulk demodulator 

power requirements, and efficient utilization of  the Ka-band 

f ixed-satellite frequency allocation. 
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In the baseline system, a total of 11,250 user terminals can 

simultaneously access a single satellite, half using right-hand circular 

polarization (RHCP) and the other half using left-hand circular 

polarization (LHCP). Each of these transmissions is  received by one of 

eight uplink satellite beams. There are 100 bulk demodulators, each of 

IO-MHz bandwidth and capable o f  demodulating 112 64-kbps uplink 

transmissions. The baseband mu1 tlplexer converts the demodulator 

outputs into four 180-Mbps data streams. Two of these data streams are 

transmitted on each of two senses of polarization. Two separate transmit 

antennas are used. Each antenna contains 331 radiating elements and 

transmits a pair of carriers of opposite poiarlzation. A total of 60 

overlapping downlink spots are required for CONUS coverage. Each 

downlink beam typically scans over 30 spots and dwells on each spot long 

enough for transmission of  ten symbols from each uplink channel that is  

directed at a terminal within the spot. 

Technology developments in three key areas are needed for 

implementatlon of the satellite system described. Digital bulk 

demodulators based on fast Fourier transform (FFT) techniques should 

become practical for satellite application in the next few years. Rapid 

advances in high-capacity memory chips w i l l  permlt the multiplexing of 

up1 ink data streams onto down1 ink carriers through use o f  "memory-based" 

multiplexers. Finally, monolithic microwave integrated circuit (MMIC) 

technology i s  essential t o  cost-effective implementation of the sate1 1 i te 

transmit antennas. 

Each satellite o f  the baseline design is estimated to weigh 5600 Ib 
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and consume 6850W of power during normal operation. (Provision is  made 

for operation at  one-fourth capacity durlng eclipse.) The payload accounts 

for 1000 lb  and SOOOW of the above totals. The nonrecurring cost for 

satellite development i s  $ 1  10 million. The first-unit cost i s  $ 1  13 

million, wi th subsequent unlt costs reduced according t o  a 90-percent 

learning curve. The cost to place each satellite in geosynchronous orbit is  

assumed t o  be $120 mlllion. 

In computing the charge imposed on system users, the system 

operator is  assumed to own a l l  space and ground assets. The satellite cost 

includes a manufacturer's profit of 12 percent. The user terminal cost is 

estimated a t  $25,000. In the assumed traf f ic  profile, the peak demand is  

5,000 64-kbps channels a t  the start of operations, growing a t  a 

.20-percent annual ra te to  nearly 31,000 channels af ter  ten years of 

operations. Three operational satellites, together wi th an on-orbi t spare, 

are needed t o  handle the final traffic volume. A f i f th Satel l i te, in the role 

of a ground spare, is  procured in lieu of obtaining insurance against 

system f ai lures. 

The revenue per active channel requtred t o  real ize each of three 

internal rates of return (IRR) i s  shown in Figure 3. In each year of 

operation, only those channels needed to meet the peak traf f ic  demand are 

considered to  be active, The IRR is computed for a 14-year program: four 

years for development and manufacture of the f i rs t  satellite, followed by 

ten years of operations. The number of terminals installed on customer 

premises is  an important parameter in determining the required revenue. 

The number of  terminals must at least equal the peak channel demand. A 
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larger number of termlnals results 1f ( 1 )  any of  the termlnals engage in 

one-way communlcations, or (2) some of the termlnals are idle durlng the 

period of peak channel demand. The required revenue 1s shown in Figure 3 

for a terminal complement equal t o  one, two, or three tlmes the minimum 

number. 

The subscrlber charge correspondlng to the revenue per channel -year 

of Figure 3 1s shown in Figure 4. The subscriber charge is  derlved from the 

assumptlon that each actlve channel is occupled for a to ta l  of 9000 

minutes per month, which 1s equivalent t o  slightly more than seven hours 

per buslness day. The subscrlber charge of $0.52 per channel-minute, 

whlch corresponds to  an IRR of 25 percent and a number of termlnals equal 

to  twice the mlnlmum value, w l l l  be taken as representatlve for 

comparlson with simllar terrestrlal offerlngs. 

A t  present, three long-dlstance carriers 

servlce. Thls service 1s currently llmlted 

surrounding the carrler's "point of presence" 

of fer  switched 56-kbps 

to  a two-mile radlus 

(POP) in  a major city. 

(Extended range of servlce should become aval lable w i th introduct lon of  

slmllar servlce by the regional Bel l  operatlng companies.) These 

terrestrlal offerlngs have both a per-minute usage charge and a port 

charge. The tota l  per-minute charge for a (duplex) 56-kbps circuit ranges 

from $0.46 t o  $1.52, dependlng on the carrler and the monthly usage. The 

satelllte system charge of  $0.52 per channel-mlnute must be doubled, so 

that lt corresponds t o  a duplex 56-kbps clrcult. The resultlng charge of 

$1.04 per circuit-mlnute lles midway in the range for switched 56-kbps 

terrestrlal servlce. 
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