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SECTION 1
OVERVIEW

1.1 BACKGROUND

This report focuses on the results of a study designed to forecast the potential
domestic demand for satellite provided customer premises services through the
year 2000. It relates to the following two market demand studies that were
performed by Western Union for NASA and that dealt primarily with trunking

services:

a. Satellite Provided Fixed Communications Services. A Forecast
of Potential Domestic Demand through the Year 2000. NASA
Contract No. NAS-3-22894, August, 1983.

b. 18/30 GHz Fixed Communications System Service Demand
Assessment., NASA Contract No. NAS-3-21359, July 1979.

The subject study was conducted because the provision of Customer Premises
Services (CPS) has been recently identified as an important offering which could
significantly impact the future growth of satellite communications and its
advanced technology requirement. CPS is characterized as commupjcations
services supplied directly to the customer through small earth terminals located
on the customer's premises or through a local customer-shared earth station with
dedicated "tail" connections directly to the customer. Many interconnect
systems between users and a shared earth station may be viable. While these
may range from dedicated to existing or proposed tariffed systems, only
dedicated lines were considered for this study.

In order to develop a CPS system that provides a viable alternative to other
communications services delivery systems, and to determine the functional and
technical requirements of a satellite system to provide such services, it was
necessary to know the types, magnitudes, and characteristics of the traffic such
a system could be expected to carry in the future. This study was, therefore,
undertaken to provide such information. It was performed under NASA contract
NAS3-23255.
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1.2 PURPOSE, TASKS AND ACTIVITIES

1.2.1 Purpose

The overall purposé of this study was:

To forecast the potential United States domestic telecommunications
demand for satellite provided customer premises voice, data and
video services through the year 2000, so that this information on
service demand would be available to aid in NASA program planning.

To accomplish this overall purpose the following objectives were achieved:

b.

C.

d.

1.2.2 Tasks and Activities

]
I
T
A

o

L

Ll

p-- R

Development of a forecast of the total domestic telecommuni-
cations demand
Identification of that portion of the telecommunications

L ]
[

demand suitable for transmission by satellite systems
Identification of that portion of the satellite market addres-
sable by CPS systems

Identification of that portion of the satellite market addres-
sable by Ka-band CPS systems

Postulation of a Ka-band CPS network on a nationwide and
local level.

* o
L

For each of the major study tasks the purpose and activities are outlined below:

Task 1.0 - Market Demand Forecasts

8
e |

Task 1.1 - Potential CPS Telecommunications Services

Activities: 1. Review market studies and telecommunications

Purpose: Identify and characterize those telecommunications

- services which can be effectively supplied directly to
the customer through unshared or shared earth stations.

literature
2. Collect input from users and providers
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3.
4.

Develop list of potential services
Define and characterize services.

Task 1.2 - Potential CPS User Classes

Purpose: Identify and characterize the classes of potential CPS

users.

Activities: 1.
2.
3.
4.
5.

Identify potential users
Develop user survey/procedures
Conduct survey interviews
Analyze survey results
Characterize user classes

Task 1.3 - Comparative Economics

Purpose: Develop current and projected service costs to users of

various delivery systems and compare the competitive-

ness of these systems (includes C-, Ku- and Ka-bands).

Activities: 1.
2.
3.
4,

5.
6.

Define and cost CPS earth stations.

Cost CPS space segment.

Define and cost terrestrial transmission systems
Develop 1982 end-to-end user costs and crossover
distances with terrestrial tariffs

Describe future trends

Develop 1990 and 2000 CPS costs and crossover
distances with terrestrial tariffs

Task 1.4 - Market Demand Forecast Development

Purpose: Forecast the overall telecommunications, the overall
satellite, the CPS, and the CPS Ka-band market
demands for the years 1980, 1990 and 2000.

Activities: 1.

Develop Baseline Forcasts

a. Identify forecasting methodology for each ser-
vice

b. Develop estimate of current traffic for each
service

c. Develop estimate of future traffic for each ser-
vice

1-3




2.

3.

Develop Impacted Baseline Forecasts

a. Develop impacted baseline model

b. Develop and collect information on market
determinant factors

c. Analyze results and develop forecasts

Develop Net Long Haul Forecasts

a. Reduce traffic (e.g., Intra SMSA, Data on
analog)

b. Convert forecasts to peak hour

c. Develop Market Distribution Model

Develop CPS Forecasts

a. Reduce traffic (e.g., due to constraints, plant in
place)

b. Use cost model to develop crossover distances

c. Develop CPS satellite forecasts

Develop Overall Satellite Forecasts

a. Merge CPS and trunking satellite forecasts

b. Develop overall satellite forecasts

Develop Ka-band CPS Satellite Forecasts

a. Reduce traffic (e.g., due to constraints, plant in
place)

b. Use cost model to develop crossover distances

c. Develop Ka-band forecasts

Task 2.0 - CPS Network Traffic Model

Task 2.1 - Nationwide Traffic Distribution Model

Purpose: Postulate CPS nationwide networks based on the four

CPS systems determined by the two design configura-

tions and the two availability levels and describe the

corresponding network and model characteristics.

Activities: 1.

2,
3.
4.

Segment Ka-band net addressable traffic into clas-
ses

Develop traffic models

Develop user models

Prepare Nationwide CPS network reports

1-4
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Task 2.2 - Intra Urban Topology
Purpose: Describe three traffic nodes based on secondary and
site-visit information.
Activities: 1. Conduct secondary research on sites
2. Select and visit sites
3. Describe sites at sub-nodal level

1.3 SATELLITE PROVIDED FIXED COMMUNICATION SERVICES VER-
SuS CUSTOMER PREMISES SERVICES

At first glance the differences between the networks for satellite provided fixed
communications services (FCS) and customer premises services (CPS) appear
clear. Networks for FCS have carriers which connect many users' <ystems end-
to-end. The user's messages are combined with others, through various multi-
plexing techniques, in a bulk transmission. In most instances the only piece of
transmission equipment the user has is the telephone. With CPS networks the
user owns or rents his own earth stations and transponder space. He does not
have to go through an intermediary and has much more control over his own
transmission.

However, an examination of the various configurations for satellite provided FCS
and CPS indicates that the differences are not always distinct. A network for
satellite provided FCS can be either an established carrier network (i.e., a
network with extensive terrestrial facilities) or a specialized carrier network
(i.e., a network with leased lines). A CPS system may be either a dedicated
network (i.e. only one user) or a shared network (i.e., several users sharing the
facilities). The distinctions between specialized carrier networks and shared
CPS networks are not so obvious, For example, an analysis of the cost to
operate a specialized carrier earth station showed that its capacity could be as
small as 15.7 Mbps and still be economical, while traffic projections and user
profiles revealed that a few 32 Mbps earth stations would be economical and
justified in a CPS shared/unshared system by 2000. Both of these systems are
likely to have terrestrial tails connecting several users. Also, in some CPS
shared systems the users may find it more convenient to allow a second party to
operate the shared earth station, possibly allocating cost to the various users
based on usage, similar to a FCS.

1-5




Still, there are some fundamental differences between satellite provided FCS
and CPS networks. For instance, with a CPS network, the users have much more
control over their transmissions; in most instances messages are not multiplexed
together with other users. In addition, terrestrial tails connecting the users are
short. Perhaps the feature which most clearly distinguishes FCS and CPS traffic
is the size of the user (i.e., traffic volume of the user). Users in a CPS system,
even a shared system, must be relatively large. In addition, surveys indicated
that most CPS traffic would be internal to the company; therefore the company
would have to be a national company or at least affiliated with a national
company. These differences provided the conceptual framework for determining
what would be FCS and what would be CPS traffic.

It should be pointed out that to model the networks a clear distinction between
the various networks was not needed. All traffic can go via trunking networks
either using specialized or established carriers. Therefore, the only determina-
tion which had to be made was which traffic could use a CPS system; how this
was determined is discussed extensively in subsequent sections of this report.

1.4 FORECASTING METHODOLOGY

1.4.1 Study Activity Flow

A summary of the study activity flow is depicted in Figure 1-1. The details of
this activity flow are presented in similar figures in each of the subsequent
sections of this report.

The first activities involved defining and characterizing services, characterizing
potential users, and specifying forecasting methods for each service. The
products of these efforts were needed to develop the baseline forecasts which
were estimates, of current and future volumes of traffic, reflecting the
occurrence of expected events and orderly growth. The baseline forecasts were
then refined by considering the impact of events less predictable than those
already considered; this refinement, which required the development of a trend-
cross-impact or impacted baseline model, resulted in the impacted baseline
forecasts. Next, traffic which was not considered long-haul was removed and a
market distribution model was developed; the product from these activities was
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the net long haul forecasts. A comprehensive cost analysis was conducted then
to determine the crossover distances with terrestrial tariffs. The information
from the cost analysis was the basis for developing the parametric cost model
which was used to develop the CPS net addressable, the overall satellite and the
Ka-band net addressable forecasts. The CPS net addressable forecast represents
the total amount of net long haul traffic addressable by a CPS satellite system.
The overall satellite forecast represents the total amount of traffic addressable
by both CPS and trunking or FCS satellite systems. Similarly, the Ka-band net
addressable forecast represents the total amount of traffic addressable by a
Ka-band satellite system. A variety of Ka-band forecasts (e.g., by services,
users, regions and mileage bands) were developed for each of four Ka-band
systems: .999 availability and shared/unshared earth stations; .999 availability,
unshared earth stations; .995 availability, shared/unshared earth stations; .995
availability, unshared earth stations. The Ka-band forecasts then were used to
develop the Ka-band net accessible forecasts, which also required the develop-
ment of a comprehensive nationwide traffic distribution model and an intra-
urban topology study.

Throughout all of these activities, technological, economic and political-social

events and trends were considered and the telecommunications literature and
user and provider information were continually obtained and reviewed.

1.4.2 Forecasting Activity Flow

To provide a guide for understanding the sequence of forecasting activities, the
following outline of the modifications to the forecast (i.e., traffic) at each point
is presented. It should be pointed out that at each point forecasts were
developed for 1980, 1990 and 2000.

a. Baseline forecasts

1. 31 -~pecific forecasts were developed using a variety of
methods

2. For summary purposes, forecasts were grouped under

voice (in half voice circuits), data (terabits/year) and

video (transponder)

1-8
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b.

C.

Impacted baseline forecasts

1.

2,

3.

The 31 specific baseline forecasts were modified by
considering the impact of less predictable events on the
baseline forecasts.

The refinement resulted in changes that varied from -1.5
percent to 27 percent across services

Again, for summary purposes, forecasts were grouped
under voice, data and video.

Net long haul forecasts

1.

3.

4,

The 31 specific impacted baseline forecasts were modi-

fied by removing several traffic elements:

(a) Intra SMSA traffic was removed (removal varied
from 0 to 75 percent across services)

(b) Data on voice lines was removed (removal varied
from O to 8.7 percent across services)

Data efficiency factors were considered (traffic amounts

increased from 0 to 323 percent)

All traffic estimates were converted to peak hour esti-

mates; most voice services were already in peak hour half

voice circuits; all data scivices were converted from

terabits/year to Mbps; all video services, except occa-

sional video, were already in peak hour transponders.

Again, for summary purposes, forecasts were grouped

under voice, data and video

CPS Net Addressable Forecasts

I.

The 31 specific net long haul forecasts were modified by

removing several traffic elements:.

(a) Traffic unsuitable for satellite transmission was
removed (this amount varied from 0 to 60 percent
across services),

(b) Traffic due to established carrier (plant in place)
was removed (this amount varied from 0 to 98
percent across services),

(c) Reduce traffic because of time zone considerations
(constant |3 percent reduction).
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e.

f.

2.
3.

4.

(d) Traffic unsuitable for CPS transmission was re-
moved (this amount varied from 0 to 100 percent).

(e) Traffic less than crossover distance was removed,

Traffic was converted to transponders

A CPS net addressable forecast, consisting of traffic from

all three bands, was developed for each service.

Again, for summary purposes, forecasts were grouped

under voice, data and video and were combined to make a

total CPS satellite forecast.

Overall Satellite Forecasts

l.

2.

3.

These forecasts consisted of the expected maximum, net
addressable from trunking (see Satellite Provided Fixed
Communication Services: A Forecast of Potential Do-
mestic Demand Through 2000, NASA Contract No. NAS-
3-22894, August, 1983) and the CPS net addressable.

Since the Trunking and CPS forecasts were overlapping,

procedures were used to remove this overlap, to make
certain traffic was counted only once.

Forecasts were developed for each of the 3! services, for
the major categories of voice, data and video, and for the
total satellite market.

Ka-band CPS Net Addressable Forecasts

1.

The 3! specific net long haul forecasts were modified by

removing several traffic elements:

(a) Traffic unsuitable for satellite transmission was
removed (this amount varied from 0 to 60 percent
across services)

(b) Traffic due to established carrier (plant in place)
was removed (this amount varied from 0 to 98
percent across services).

(c) Reduce traffic because of time zone considerations
(constant 13 percent reductions).

(d) Traffic unsuitable for Ka-band CPS transmission
was removed (this amount varied from 0 to 100
percent)

(e) Traffic less than crossover distance was removed.
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2, Traffic was converted to transponders.

3. Ka-band CPS net addressable forecasts were developed
for each of the four Ka-band systems (determined by
earth station configuration and availability level) for eech
service by: user, region and mileage band.

4. For summary purposes, forecasts were grouped under
voice, data and video and were combined to make a total
Ka-band CPS forecast.

g. Ka-band CPS Net Accessible Forecasts

1. The Ka-band CPS net addressable forecasts were used to
develop these forecasts.

2. These forecasts were developed by using the nationwide
traffic distribution model.

3. The amount of traffic captured by each of the four (one
for each Ka-band system) nationwide CPS networks is the
Ka-band CPS net accessible forecast for that Ka-band
system.

15 SUMMARY OF RESULTS

The major forecasts from the baseline forecasts through the net accessible
forecasts are summarized in Table 1-1. The corresponding growth rates are
presented in Table 1-2. Starting with the net long haul forecasts, all traffic
estimates are peak hour estimates, and starting with the CPS satellite forecasts
all traffic estimates represent number of equivalent 36 MHz transponders, It
should also be pointed out that the CPS satellite forecasis represent a svand-
alone system. Figure 1-2 indicates the integration of CPS and trunking forecasts
in the development of the overall satellite forecast. The Ka-band net accessible
forecasts represent the amount of addressable traffic captured by each of the
four Ka-band systems. The percentages of captured traffic by system are
indicated in Figure 1-3. The results summarized in Tables 1-1 and 1-2 and in
other sections of the report indicated that the impact of moving from .299 to
.995 availability had only a small impact and that the shared-unshared earth
station configuration was the most likely to be implemented. Growth rates oi
satellite traffic were expected to be greater from 1980-1990 than from 1990-



2000, with voice traffic growing the fastest on CPS satellite systems and data
traffic, growing the fastest on the overall satellite system.

1.6 ORGANIZATION OF STUDY REPORT

The report for this study consists of three volumes:

a. Volume I - Executive Summary
b.  Volume II - Main Text
¢.  Volume III - Appendices

The Executive Summary highlights the major findings; also the purpose, tasks and
methodology are briefly outlined. The main text describes the purpose, tasks and
methodology in enough detail so that the reader can understand and review the
major and specific findings which are presented. The appendices present
comprehensive and detailed explanations of methodologies and include specific
tables of forecasts that are summarized in the main text.

The Main Text, Volume I, Includes the following sections:

a.  Section | - Overview

b.  Section 2 - Potential CPS Telecommunications Services
c.  Section 3 - Potential CPS User Classes

d.  Section 4 - Comparative Economics

e.  Section 5 - Baseline Forecasts

f.  Section 6 - Impacted Baseline Forecasts

g  Section 7 - Net Long Haul Forecasts

h.  Section 8 - Overall Satellite Forecasts

i Section 9 - CPS Satellite Forecasts

jo  Section 10 - Ka-band CPS Satellite Forecasts

k. Section 11 - Nationwide Traffic Distribution Moc'el
l. Section 12 - Intra-Urban Topology

When the study discussed in these three volumes was completed, additional
related work was begun. A sensitivity analysis was initiated to determine the
effects on the forecasts (i.e., those ptesented in Volumes i-3) of varying selected
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key assumptions. The results of this followup effort will be presented in a
separate report that will be available about six months after the release of
Volumei l';a
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TABLE 1-1. SUMMARY OF FORECASTS

FORECASTS YEAR

1980 1990 2000
BASELINE
Voice (1000s HVCs i.e., Half Voice Circuits) 2,829 8,045 18,405
Data (Terabits/Year) 1,892 9,084 26,879
Video (Transponders) 66 309 312 :E
IMPACTED BASELINE
Voice (1000s HVCS) 2,829 8,227 19,876 'I
Data (Terabits/Year) 1,892 9,840 31,103 =
Video (Transponders) 66 337 406
NET LONG HAUL 3
Voize (1000s HVCs) 2,524 7,635 18,686
Data (Mbps) 15,165 31,279 40,344
Video (Transponders) 61 323 393 3

CPS SATELLITE (TRANSPONDERS)

Voice .9 17 100 -E
Data 21.5 200 529 *
Video .3 52 109

TOTAL 23.0 269 738

OVERALL SATELLITE (TRANSPONDERS)
TRUNKING SEGMENT

Voice 190 601 1.806
Data 0 3 13
Video 61 323 393
TOTAL 251 927 2,212
CPS SEGMENT

Voice 0 3 18
Data 22 202 529
Video 0 10 20
TOTAL 22 215 567
TOTAL

Voice 190 6U> 1,824
Data 22 204 542
Video 6! 333 413
TOTAL 273 1,142 2,779

KA-BAND CPS SATELLITE (TRANSPONDERS)

SHARED-UNSHARED/.999
SERVICE CATEGORIES
Voice -- 14 (6%) 85 (14%)
Data - -- 176 (78%) 450 (74%)
Video -- 35 (16%) 78 (12)
TOTAL -- 225 608
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TABLE 1-1.

USER CLASSES

Business
Government
Institutions
Private
TOTAL

MILEAGE BANDS

1-40
41-150
151-500
301-1000
1001-2100
2101+
TOTAL

SHARED-UNSHARED/.995

SERVICE CATEGORIES

Voice
Data
Video
TOTAL

USER CLASSES
Business
Government
Institutions
Private
TOTAL

MILEAGE BANDS

1-40
41-150
151-500
501-1000
1001-2100
2101+
TOTAL

UNSHARED/.999

SERVICE CATEGORIES

Voice
Data
Video
TOTAL

SUMMARY OF FORECASTS (CONTINUED)

1990

111 (49%)
35 (16%)
74 (33%)

5 (2%)

225

12 (6%)

33 (15%)

70 (319%)

62 (27%)

39 (17%)
"9 (4%6)
225

13 (6%)
158 (78%)
_31 (16%)
202

100 (49%)
31 (16%)
66 (33%)

_5(2%)

202

11 (6%)
29 (15%)
63 (31%)

56 (27%)

35 (17%)
__8 (4%)
202

3 (i%)
176 (82%)
35 (17%)
213

2000

301 (49%)

9% (16%)
201 (33%)
12 (2%)
608

34 (6%)
89 (15%)
190 (31%)
167 (27%)
105 (17%)
_23 (4%)
608

77 (14%)
405 (74%)
_66 (12%)
548

271 (50%)

85 (15%)
181 (33%)
_L1 (2%)
548

30 (6%)

80 (15%)
171 (31%)
151 (27%)
95 (17%)
_21 (4%)

548

28 (5%)
450 (82%)
_73 (13%)
551




TABLE 1-1. SUMMARY OF FORECASTS (CONTINUED)

USER CLASSES
Business
Government
Institution
Private
TOTAL

MILEAGE BANDS
1-40
41-150
151-500
501-1000
1001-2100
2100+
TOTAL

UNSHARED/.995

SERVICE CATEGORIES
Voice
Data
Video
TOTAL

USER CLASSES
Business
Government
Institution
Private
TOTAL

MILEAGE BANDS
1-40
41-150
151-500
501-1000
1001-2100
2101+
TOTAL

t A-BAND NET ACCESSIBLE (TRANSPONDERS)

SHARED-UNSHARED/.99%
SHARED-UNSHARED/.995

UNSHARED/ 995

1990

104 (49%)
33 (16%)
71 (33%)

3 (2%)

213

12 (6%)
31 (15%)
67 (31%)
59 (27%)
36 (17%)
8 (4%)

21

2 (1%)
158 (82%)
31 (17%)
192

93 (49%)

30 (16%)

64 (33%)
_5(2%)
192

11 (6%)
28 (15%
60 (31%)
53 (27%)
33 (17%)
7 (4%)

192

1990 2000

2000
266 (48%)
88 (16%)
185 (34%)
_12 (2%)
551

31 (6%)
80 (15%)
172 (31%)
152 (27%)
95 (17%)
_21 (4%)
551

25 (5%)
405 (82%)
_66 (13%)
496

240 (48%)
79 (16%)
166 (34%)
11 (2%)
496

27 (6%)
72 (15%)
155 (21%
137 (27%)
86 (17%)
_19 (4%)
496

113 (19% of Addressable)
93 (17% of Addressable)
110 (20% of Addressable)
90 (18% of Addressable)




' TABLE 1-2. SUMMARY OF GROWTH RATES (%)
FORECASTS TIME PERIODS
1980-1990 1990-2000 —1980-2000
! BASELINE = —
Voice 11.0 .8.6 9.8
Data : 17.0 11.5 14.2
I Video 16.7 .1 8.1
IMPACTED BASELINE
: Voice 11.3 9.2 10.2
Data 17.9 12.2 15.0
Video 17.7 1.9 9.5
L NET LG HAUL
‘ Voice 11.7 9.4 10.5
, Data 7.5 2.6 5.0
E Video 18.1 2.0 9.7
CPS SATELLITE
E Voice 24.0 19.6 26.6
: Data 25.0 10.2 17.4
Video 67.5 7.7 34.3
TOTAL 28.1 10.6 19.0
OVERALL SATELLITE
TRUNKING SEGMENT
Voice 12.3 11.6 11.9
Data 40.0 16.0 27.5
Video 18.1 _2.0 9.7
TOTAL 14.0 9.1 11.5
CPS SEGMENT
Voice 31.5 19.5 25.4
Data 25.0 10.1 17.3
Video 57.8 7.6 30.3
TOTAL 25.6 10.2 17.6
E TOTAL
Voice 12.3 11.7 12.0
Data 25.1 10.2 17.4
Video 18:4 22 10.0
TOTAL 15.4 9.3 12.3
KA-BAND CPS SATELLITE
SHARED-UNSHARED/.999
SERVICE CATEGORIES
Voice - 19.6 --
Data -- 9.9 --
Video - 7.6 -
TOTAL - 10.5 -




TABLE 1-2. SUMMARY OF GROWTH RATES (%) (CONTINUED)

USER CLASSES
Business
Government
Institutions
Private
TOTAL

MILEAGE BANDS
1-40
41-150
151-500
501-1000
1001-2100
2101+
TOTAL

SHARED-UNSHARED/.995

SERVICE CATEGORIES
Voice
Data
Video
TOTAL

USER CLASSES
Business
Government
Institutions
Private
TOTAL

MILEAGE BANDS
1-40
41-150
151-500
501-1000
1001-2100
2101+
TOTAL

UNSHARED/.999

SERVICE CATEGORIES

Voice
Data
Video
TOTAL

1980-1990

1990-2000

10.5
10.4
10.5

9.1
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TABLE 1-2. SUMMARY OF GROWTH RATES (%) (CONTINUED)

1980-1990
USER CLASSES
Business --
Government --
Institution --
Private ~-
TOTAL --

MILEAGE BANDS
1-40 -~
41-150 --
151-500 --
501-1000 --
1001-2100 -~
2101+ --
TOTAL --

UNSHARED/.995

SERVICE CATEGORIES
Voice --
Data --
Video --
TOTAL -

USER CLASSES
Business —
Government --
Institution --

Private -
TOTAL —

MILEAGE BANDS
1-40 --
41-150 --
151-500 --
501-1000 -
1001-2100 --
2101+ ==
TOTAL --

KA-BAND NET ACCESSIBLE (TRANSPONDERS)

SHARED-UNSHARED/.999 --
SHARED-UNSHARED/.9935 --

UNSHARED/.999 --

UNSHARED/.995 --
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MBPS
31.925 28,765 28,912 26,030
25 \b\\
— Addressable
20
o
S
15 = Accessible
10
5,925 4,871 5,786 4,702
5
.999 S/US .995 S/US  .999 US  .995 US
ggggﬁﬁgd 19 17 20 18

FIGURE 1-3. ADDRESSABLE AND ACCESSIBLE (CAPTURED) TRAFFIC
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SECTION 2
POTENTIAL CPS TELECOMMUNICATIONS SERVICES

2.1 INTRODUCTION

The first step in forecasting potential CPS telecommunications services was to
identify and characterize those services which potentially could be supplied
effectively and directly to the customer through earth stations located on the
customer's premises, or through earth stations shared by local communities of
customers. In order to develop a list of potential CPS telecommunications
services several sources were used and several activities were conducted (see
Figure 2-1). The initial list was obtained through a review of previous studies
(e.g., studies on the 30/20 GHz 01 Ka-band market as indicated in Section 1), and
an extensive literature search that followed this review indicated several
changes that had to be made in this list. User and provider information also
provided some input into modifying the initial list. The final list of potential
CPS services is presented in Table 2-1. Once the list was developed each service
was described and characterized to insure it was unique. As indicated in Table
2-1, 34 unique services were identified; however, as pointed out in Section 5,
forecasts were prepared for only 31 of these services. Each of the 34 services is
described below under its grouping (e.g., Message Toll Service) and service
category (e.g., Voice).

2.2 DESCRIPTION OF VOICE SERVICES

The most widely used services fell within the voice categories. There were
several reasons for this. First, almost everyone and every business has a
telephone. Second, there are no standardization problems as there are with data
or video, so it is easy to use. Third, it requires very little bandwidth to transmit
a high quality signal, so it is a relatively cheap way to communicate. As
indicated in Table 2-1, voice applications are grouped, as follows, into three
sections: message toll service, telephone and radio.
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TABLE 2-1. POTENTIAL CPS SERVICES !
GROUPING SERVICE
VOICE Message Toll Service Residential
. Business
Other Telephone Private Line

Mobile Radio
#Voice Store-and-Forward

Radio Public
Commercial and Religious
Occasional
CATYV Music
Recording Channel

"‘F-uu ]

DATA Terminal Operations Data Transfer
Batch Processing
Data Entry
Remote Job Entry
Inquiry Response
Timesharing

| ]

| Ll

Electronic Mail USPS EMSS
Mailbox Services
Administrative Message Traffic
Facsimile :
Communicating Word Processors

Lo B L

Record Services TWX/Telex
Mailgram/Telegram/Money Order

Other Terminal

Services Point of Sale
Videotex/Teletext
Telemonitoring
Secure Voice

| T |

VIDEO Broadcast Network Video
CATYV Video
Occasional Video
Recording Channel

Limited Broadcast Teleconferencing
*DBS
*HDTV

*Forecasts were not prepared for those services which were considered as market
determinant factors.
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2.2.! Message Toll Service

Message to!! sarvice (MTS) is basically a metered switched service used by both
residential and business sectors. Residential MTS includes both typical household

and coin operated categories of metered switched service as provided by the Bel:
system and other independent telephone operating companies. Business MTS
includes regul.r business service and Wide Area Telephone Service (WATS).

Metered switched service works by monitoring the amount of time two parties
are on the line and charging the call to the calling party. WATS is a long
distance dial-up service offered by AT&T Long Lines and other Bell operating
companies to and from specified zones. Five zones of coverage are provided at
various tariffs.

There are two types of WATS service: 800 service (in-WATS) and out-WATS.
800 service is an inbound service, permitting the user to be called at no charge
to the calling party. The receiving party subscribes to the service. With out-
WATS, the call originator is connected to the WATS line and may call any
subscriber within the specified zones.

2.2.2 Other Telephone

Three other telaphone-related services are: private line, which is the leasing of
a circuit; mobile radio, which is a car telephone; and voice store and forward,
which is similar to a mailbox for telephone calls.

2.2.2.1 Private Line

Private lines are dedicated transmission lines connecting two points. They are
leased through AT&T and other telephone companies on a monthly or yearly
basis. In the last few years, the FCC has allowed others to enter this market.
These companies cften discount the most heavily used routes, capturing a larger
share of the market each year.
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2.2.2.2  Moblle Radio

Mobile radio telephone is o service connecting the public switched telephone
network to mobile units. DBell Telephone operating companies and other radio
common carriers provide the service. Conventional mobile radio telephone uses
a single high powered transmitter to cover a service area. Because the signal
level of each channel in the area is high enough to cause interference, each
channel can only support one conversation within a given service area. The
application of cellular technology, however, will alleviate this congestion, which
has suppressed gro'vth in the mobile radio :narket.

2.2.2.3 Voice Store-and-Forward

Voice store-and-forward, a computerized storage-retrieval system for distribu-
tion of voice message communications, is one of the features of the “office of
the future”; it was considered as a market determinant factor. It is similar to its
text counierpart, electronic mail, in that messages are stored in digital form for
convenient delivery at a later time. With voice store-and-forward the user
simply dictates the message over the telephone instead of typing it. Each user
of the system is assigned a "mailbox" which stores voice messages from other
users in digital form. To retrieve their 'nessages, users simply call the system
from any keypud-equipped telephone. After hearing the message, a user may
reply immediately and the system will automatically deliver the response to the
original caller. Ultimately, voice store-and-forward will be integrated with its
text counternart to form an integrated messaging system.

2.2.3 Radio Services

Radio services have been divided into five segments: Public Radio, Commercial
Radio, Occasional Radio, CATV Music and Music Recording Channels.

2.2.3.1 Public Radio
The National Public Radio (NPR) network pioneered satellite transmission of

radio programming in 1978, Under current plans, NPR will becorne the largest
single radio network in terms of number of channels and variety of programming,
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going from 8 channels in 1980 to 24 in 1983. NPR will include dramatic
programming, specialized audience programming, educational programming and
extended program service. The wide range of NPR programming is the product
of a variety of listener demand and NPR's attempt to meet this demand.

2.2.3.2 Commercial and Religious Radio

The number of commercial radio networks has increased greatly over the last
two decades, from four networks in 1960 to over twenty today. These networks
generally provide a combination of news and entertainment, although a few
networks provide news or entertainment exclusively. Entertainment program-
ming is predominantly music, with many networks airing live concerts. Available
networks cover the entire range Jf today's music from top 40 to classical and pop
to soul. There are also several religious broadcast networks, the PTL network
being one example.

22.3.3 Occasional Radio

Most regionai or national use of radio programming comes from the broadcast of
an occasional event. Religious broadcasts, sports, live concerts, simulcast of
live TV and other events fall under this category. Occasional radio is
interspersed with a station's regular programming whereas network radio be-
comes a station's regular programming.

2.2.3.4 CATV Music

Cable operators are finding it very popular to include a channel or two of music
along with their regular video broadcast. This can be supplemented with
concerts or interviews to be a full channel offering. New iranchises are offering
around 100 stations and will need something to fill the gap between available
programming and the number of stations offered.

2.2.3.5 Recording Channel

A new service which is in its infancy could revolutionalize the music recording
industy by 1990. Digital Music Company is broadcasting two channels of very
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high quality music which may be recorded by making arrangements in advance.
This is expected to provide a cheaper means of distribution, especially for
recordings with low demand such as Mozart. Two audiences are expected to be
attracted to this offering: those living in areas where certain music is difficult
to obtain and music buffs wanting the highest quality recording available.
Digital music is expected to start with two channels this year, which would be
scrambied to households that had not paid to tape the record.

23 DESCRIPTION OF DATA SERVICES

As indicated in Table 2-1, data services, which included 17 applications, were
grouped under four headings: Terminal Operations, Electronic Mail, Record
Services and Other Terminal Services.

2.3.1 Terminal Operations

The first six of the data services have been classified as terminal operations
which refer to general purpose terminals that are commonly used to input or
receive information from a computer. They include home computers but not
point of sale transactions which require unique equipment.

2.3.1.1 Data Transfer

Data transfer is a process in which information is electronicaily transferred from
one storage bank to another in a non-update fashion. The transfer usually takes
place during the off-peak transmission time. This application is used by
insurance companies, financial institutions, the banking industry, and the like.
The transmission speed in bits per second (bps) will depend on the volume of data
to be transferred. For large amounts of data, the speed is usually 56 kbps or
higher. Electronic fund transfer systems and point of sale systems could also
make use of this application.

2.3.1.2 Batch Processing

Batch processing is a procedure that is volume rather than time oriented; it is
prepared according to a schedule rather than on demand. Typical examples
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include daily sales orders and weekly payroll information. Usually batch
processing is implemented on transmission facilities with speeds higher than 56
kbps.

23.13 Data Entry

In data entry, the information is captured in complete readable format at its
source and added to an existing data base, eliminating the intermediate keypunch
mode. Equipment used in this application includes general purpose as well as
application unique terminals. The facility speed depends on the volume of data
and may vary anywhere from 2.4 kbps to 56 kbps or higher. Typically, data entry
can be utilized for electronic funds transfer systems such as those used by the
banking industry and financial institutions and point of sale applications used by
the retail industry.

2.3.1.% Remote Job Entry

Remote job entry (RJE) is the process of remotely controlling the initiation and
termination of computer processing related to a specific job or run. Essentially,
this remote control capability affords an operator the same level of processing
capability as if he were within the computer facility. It differs from data entry
in that RJE involves manipulation of the received data and transmission of the
output to the originator after processing. This application will typically be used
by universities or any organizations with dispersed locations. The speed of
transmission ranges from 1.2 to 9.6 kbps.

23.1.5  Inguiry/Response

Inquiry/response is characterized by its urgency and is usually transmitted in a
real time manner through operator-entered inquiries to an existing data base
which can then be manipulated and corrected. Common applications include
airline reservation systems, stock exchange quotations, inventory status and
account balances. The speed of transmission may vary from 1.2 to 9.6 kbps.
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23.16  Timesharing

Timesharing is the shared use of centrally located computer facilities by several
operating entities. The computer facilities can store, manipulate and transmit
data simultaneously among the several users, generally on a real time basis. The
supplier of the central computer facilities may be a commercial crganization
serving many unassociated users, known as commercial timesharing, or a private
supplier serving in-house computing needs, referred to as private timesharing.
The transmission speed will vary from 1.2 to 9.6 kbps.

23.2 = Electronic Mail

Electronic mail is similar in many ways to regular first class mail. It is the
handling of text by electronic means. The following services fali under
electronic mail: USPS EMSS, Mailbox, Administrative Message Traffic, Facsi-
mile, and Communicating Word Processor.

2.3.2.1 United States Post Office
Electronic Mail Switching System

On January &4, 1982, the United States Postal Service (USPS) troduced
Electronic Computer Oriented Mail (ECOM). ECOM users transmit correspon-
dence in digital form via telephone lines to a serving post office (SPO) in one of
25 major cities. The SPO then automatically prints the letters out on paper,
folds them, inserts them into envelopes, and mails them first class within two
days to their destination. ECOM users can also send their messages to Western
Union Electronic Mail, Inc. (WUEMI) from any compatible communicating word
processor, computer-generated tape, or facsimile terminal for conversion to
ECOM format. WUEMI has at least 43 types of on-line terminals made by 33
manufacturers which interface with ECOM hardware.

2.3.22 Mailbox

A computer mailbox system is related to computer message switching in the
same relationship that a postal service box is related to home delivery. In
message switching, the computer deiivers the message to a terminal or notifies




the terminal of a message that is waiting. In comruter mailbox, the user must
check the box, which is in some preassigned location in the computer's memory,
typically a disk file. Mailbox service evolved within the scientific and academic
communities among users who all shared thc same computer network for
timesharing purposes. Mailboxes are set up to allow store-and-forward message
switching. It is a very useful service when the user travels and uses the network
frequently. In an environment where many users share only a few terminals,
message switching rather than mailbox service should be used. Presently,
mailbox and message switching systems are oten separate, with mailbox systems
unable to deliver messages. In the future, these two will probably be merged so
that a user can either call in as if the system hac a mailbox or have the message
delivered automatically when the assigned t>rminal registers that it is available
for delivery.

2.3.2.3 Administrative Message Traific

Administrative messages are usually short (approximately 1,000 characters)
person-to-person messages. Examples include travel information, new product
announcements, performance reports, and non-record keeping tasks. Administra-
tive messages differ from data communication messages in that data communi-
cations are usually in numeric form. Some examples are data base entry,
inquiry/response, remote job entry or batch processing data. Much of this traffic
is still delivered manually through company mail rooms. However, there is a
rapidly rising trend to transmit administrative messages via computer base
message switching (CBMS) systems and communicating word processors (CWP).
Companies may select from a variety of CBMS suppliers ranging from value-
added carriers and vendors of public message services to software houses and
manufacturers of larger mairframe computers and automated office equipment.
A number of vendors, among them Telenet and Tymnet (non-military) and
ARPANET and AUTODIN (military), provide external packet switching networks
linking their users. AT&T's recently introduced Advanced Information System
(AIS) will provide a packet network with a broad range of messaging capabilities.
With the advent of office automation, many companies are purchasing their own
private local networks providing high speed, short haul multi-dropped party line
links to which a variety of electronic equipment may be attached.
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2.3.2.4 Facsimile

Facsimile is made up of three subservices. The services are: Convenience
Facsimile (CITT Classes 3 and &), Operational Facsimile (CITT Classes 1 and 2),
and Special Purpose Facsimile.

Convenience Facsimile is defined as the slow to medium speed (2 to 6 minutes
per page) machines. Operational Facsimile includes medium speed, high speed
and wideband facsimile equipment, This equipment operates with a range of one
second per page to two minutes per page. Special Purpose Facsimile is the type
used by the police for fingerprints or by the weather bureau for maps, and
therefore must be very high quality.

2.3.2.5 Communicating Word Processor

A communicating word processor (CWP) adds communication capability to a
printer/keyboard or CRT-based word processing system. This allows the input to
be prepared on one system and sent via cominunication links, at a speed ranging
from 1.2 to 9.6 kbps, to another system for output, editing or manipulation. The
advantage to the user is the ability to transmit "original" quality documents with
format control similar to letter and memo correspondence.

2.3.3 Record Services

Two oi the potential services, TWX/Telex and mailgram, are record services.

. 2.3.3.1 TWX and TELEX

TWX was formed by AT&T in the mid-1930s and Telex was formed by Western
Union. Western Union acquired TWX from AT&T in 1971. Basically, the
TWX/Telex service is a switched teletypewriter service operating much as the
telephone system does. It is a slow means of communicating, with an operating
speed of 45 to 150 bps for TWX and 50 bps for telex. Because of these slow
speeds, the network is expected to simply maintain, if not lose, its customer base
over the next two decades. Western Union, in an attempt to keep its customers,
has introduced new features such as store-and-forward and broadcast services.
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2.3.3.2 Mailgram/Telegram Order

Mailgrams, telegrams and money orders are managed by Western Union and are
undergoing changes in response to customer needs. Mailgram message volume
has grown steadily since Western Union introduced the electronic mail service in
1970. It combines the speed of Western Union's electronic switching and
transmissions facilities with the economy of the U. S. Postal Service's local
delivery capability for delivery the next business day anywhere in the U. S. and
Canada. Through Western Union's Central Telephone Bureaus or public offices,
telex subscribers can transmit mailgram messages directly from their terminals.
Also, large volumes of mailgram messages prepared on computer tapes can be
transmitted to the company's computer centers from designated offices or
customer locations.

A new service known as "Stored Mailgram" is provided by a subsidiary, Western
Union Electronic Mail, Inc. (WUEMI). It has grown substantially in the last five
years, providing computer storage of frequently used mailgram message texts
and address lists which can be accessed by a growing num er of communicating
word processors in the customer's offices. WUEMI also provides "Computer
Letter" to commercial customers who do not need next day delivery. Messages
are sent to WUEMI where they are processed and deposited with USPS as first
class mail. Mailgram is also interfaced to Western Union's InfoMasters computer
store-and-forward system.

One of the oldest forms of electronic communication, the telegram, is still used
for urgent messages or to make an impact. In the U.S. it is handled exclusively
by Western Union and the forecast is based on internal information.

The money order, which is a way of electronically transmitting funds, handles

small payments and thus is different from electronic funds transfer. Money
orders are also handled by Western Union as well as by other companies.
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2.3.4 Other Terminal Services

Four of the potential services use special purpose terminals and fall outside the
other categories. They are: Point of Sale,, Videotex/Teletext, Telemonitoring,
and Secure Voice.

2.3.4.1 Point of Sale

A large amount of human energy will be saved when payments made by
consumers in stores and restaurants are entered directly into the banking system
instead of being made by credit card or check. Bank cards are the means of
implementing such transactions. "Point of Sales" (POS) terminals are used for
sales transactions, credit authorization and some inquiry functions. Data entry
may be made by a magnetic or optical wand passed over a label which reads and
identifies the item, or through entry on a numeric and function key keyboard.
Instructions to the operator and data being entered are displayed; data provided
in response to an inquiry may be printed.

Cash transactions are handled solely by the interactions of a terminal and a
programmed cluster controller located in each store. The programmed control-
lers operate autonomously. Credit and check-cashing authorization, on the other
hand, involve a check against a master file at a central computer location. Once
a day, another central computer application draws data from all of the
connected controllers so as to establish register balances and conduct an overall
sales audit.

Another application of point of sale terminals concerns regulation of inventory
flow. This application relies on separate display terminals in each store. Order
entry is the function which creates purchase orders and inputs them into the
purchase order data base. The receiving application verifies quantity and type of
merchandise. Invoice data is then entered into the data base as accounts
payable, and the cost calculated in terms of retail sales dollars. These functions
are executed partly in the controller and partly in the central processor. The
interaction is between each display terminal and the central computer via the
same controller that handles the sales transactions.

2-13




2.3.5.2 Videotex/Teletext

Electronic text systems are still in their infancy, yet common requirements and
distinguishing characteristics of such systems have already been identified. This
attempt to define electronic text systems has helped reduce some of the
confusion caused by the proliferation of generic terms and brand names used to
describe electronic text systems. All electronic text systems, regardless of their
individual names or technical features, display textual information on a video
display screen. All of these systems require at least two components: a
computerized data base to store information and a transmission system that links
the data base to the people who want information from it. The data base can
contain words, numbers, or graphic illustrations, while the transmission system
can range from a common telephone line to a satellite. These systems are being
developed and are intended to be used primarily by the consumer in his home or
business.

Two of the major factors which distinguish one system from another, from the
customer's point of view, are the amount of information that can be retrieved
easily from the data base and the ability to add information to the data base.
Some systems are like a telephone, in that they have a two-way capacity which
allows them to function as electronic mailboxes or bulletin boards. Customers
can use them to bank, shop, send a letter to a friend or advertise the sale of a
used car. Other systems are more like a cross between a book and TV: they are
strictly one-way and the customer can receive information from the data base,
but cannot transmit or add information to the data base.

"Videotex" is a synonym for electronic text and an umbrella term that includes
teletext and viewdata. Teletext refers to an electronic text system that usually
relies on broadcast frequencies to transmit information. Teletext flashes pages
of text in a continuous cycle. The user punches a code into his modified TV set
and the requested information is pulled out the next time it is transmitted. The
teletext data base is updated frequently and includes news, sports, weather and
the like, Viewdata systems offer customers access to a library of information
and allows them to dial up information such as a sports score, restaurant review
or airline schedule. Because viewdata uses a technical design different from
teletext, its customers can retrieve information more quickly and from a much
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larger data base. Also, it is not limited to broadcast or one-channel transmis-
sinn; it can operate via telephone lines or two-way cable systems. This
interactive feature makes possible services like home banking, tele-shopping and
advertising.

2.3.4.3 Telemonitoring

Telemonitoring is a term used to describe electronic monitoring, from a central
location, of the status or condition of a device at a remote and usually
unoccupied location. Generally, telemcnitoring fails into one of the following
categories: Security, Civil defense and government agencies that protect
citizens, Utilities, Communications systems, and Traffic control.

Most burglar and fire alarm systems that presently use telemonitoring are
provided by professional alarm installers. Most systems are simple fire/smoke
alarms or entry switches that are triggered when an alarm condition occurs. A
wire pair is connected to an alarm panel at a central monitoring location,
generally the local police station. The cost is high. In the future, 40 percent of
the nation's businesses and 98 percent of future cable TV (CATV) customers may
be offered a low-cost means of protecting their property. Where interactive
cable is available, the communications link to a central monitoring station is
already in place. The alarm industry, naturally, is trying to keep CATV from
providing this service, but it would be a simple matter for the security system
operators to lease a communications link from the cable company.

Nuclear explosion detectors operate in the following manner. Light waves strike
the detector and give it time to respond with a "Red Alarm" before the nuclear
shock waves arrive to destroy the device. The detectors are mounted in a
circular fashion around a major target area; each has a completely different
circuit route., Thus, if a direct hit occurs on one site, the cther two sensors
would be able to respond.

Other Government agencies also operate monitoring devices. EPA’s air pollution

monitors are one example. There are more than 8,000 air pollution monitors
located throughout the United States. About 10 percent of those are remotely
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monitored at present. Budget restrictions will probably necessitate 100 percent
remote monitoring within the next few years.

Air traffic control is perhaps the best example of a government monitoring
system. All major airports have rada: 1o monitor traffic and to radio landing and
take-off instructions to pilots. Radar screens show the ground controller the
flight paths of all air traffic. The flight controller advises the pilot on which
altitude and direction to fly, in order to prevent collisions and promote air
safety. There are apnroximately 20 Air Route Traffic Control Centers
(ARTCCs) located throughout the United States.

Remote monitoring devices detect flood stages on rivers, earthquake tremors
and other natural threats to life and property. No figures are available on these
types of monitoring. On a more routine basis, remote weather monitors transmit
barometric pressure, temperature readings and storm activity data for weather
forecasters across the nation. (See also Traffic Control),

The technology behind CATV security services also supports meter reading
devices to monitor gas, electric and water usage. Reduced labor and transporta-
tion costs will certainly make this capability attractive to utility suppliers. In
some cases, utility information will be transmitted long distance to a state or
regional office for billing purposes.

Most communications systems, landline, microwave, or satellite, have built-in
testing which operates on a continuous basis. Remote unmanned building sites,
microwave stations or satellites have constant performance monitoring from a
central office. Growth in this area is directly proportional to the overall growth
projected in communications.

2.3.4.4 Secure Voice

Along with its many benefits, the age of electronics has provided the ability to
intercept voice and data communications for as little as several hundred dollars.
Concurrent advancements in technology have facilitated electronic surveillance
and interception of proprietary or sensitive information. Typical security
threats include:
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a. Organized and intentional attempts to obtain economic or pro-
prietary information from the competition

b. Determined attempts to obtain economic and sensitive informa-
tion from government agencies dealing with the military and
the private sector

c.  Fraud through illegal access to computer data banks, including
Electronic Funds Transfer (EFT)

d. Intentional or unintentional destruction of computer data banks.

Since a significant portion of daily transactions occurs over the teiephone, the
replacement of telephone wires with microwave radio transmissions has created
a condition in which information can be intercepted without requiring a "physical
tap" on the telephone line; therefore, interception can bs accomplished unde-
tected.

Communications common carriers are the providers of a variety of telecommuni-
cations services and are operated as regulated moncpolies. The lion's share of
telecommunications, whether voice or data messages, is transmitted by the
common carriers' systems. A typical network consists of some combination of
land lines, microwave radio transmission systems (terrestrial and satellite) and
undersea cables. In the United States, between 65 and 70 percent of all toll
messages are carried by microwave radio facilities at some point aiciig their
toute,

There are two basic forms of telephone service: Public Telephone Network
(switched lines) and Private Line Service (dedicated lines). Dedicated private
lines are always transmitted over the identical route, transmission facility and
circuit. Similarly, the dedicated private line always occupies the identical
segment of the radio spectrum. Therefore, once the interceptor "locates" the
frequency of the dedicated circuit of interest, electronic equipment can monitor
every message over that circuit.

With the dial-up network and switched private lines, the interceptor can select
calls of interest, since each call is preceded by a signal identifying the telephone
number being called. With the use of computers, the interceptor can easily
monitor and selectively screen large volumes of messages; the computer simply
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searches for key words, names, subject titles and/or telephone numbers of
interest. A computer can perform this task on digital data extremely rapidly. In
the case of voice communications, at least for now, technology is not well-
developed enough to monitor large volumes of calls automatically except through
use of the accempanying signaling information. With the recent and continuing
advances in automatic speech recognition that employ word-spotting techniques,
the expens: of electronic interception of voice messages may be substantially
reduced.

2.4 DESCRIPTION OF VIDEO SERVICES

The greatest use of satellites so far, outside of voice, has been with video
applications. The reasons for this are the wide bandwidth required for video
transmission and the need to reach a large number of locations throughout the
United States. These video applications were divided into two sections (see
Table 2-1), broadcast and limited broadcast. Broadcast services are transmitted
to a large number of end users simultaneously. Limited broadcast is more
directiy aimed even though the number of users may still be quite large, as in the
case of DBS.

2.4.1 Broadcast Ser .ces

Broadcast services include: Network Video, CATV Video, Occasional Video, and
Recording Channel.

2.4.1.1 Netwark Video

Network video has traditionally used dedicated full time facilities for point to
multipoint distribution. Since the introduction of satellites, the networks are
doing more multipoint to multipoint distribution. For instance, ABC's Good
Morning America show originates in New York, the news spot is done from
Washington, and the weather from Atlanta as well as feeds from throughout the
U.S. for other portions of the show. Besides commercial television, other
applications fall under network video and are prime candidates for satellite
transmission, including Public Broadcasting Service (PBS) and the Educationa’
Networks.
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The commercial networks, ABC, CBS and NBC, offer free prograrnming paid for
via advertising. Currently, almost all regular broadcasting for the commercial
networks is carried to affiliated stations via AT&T long lines microwave net-
works. However, recently all three networks have signed agreements with AT&T
to begin satellite transmission of programming to affiliated stations. From that
point, it is retransmitted or aired to the local community. PBS, on the other
hand, operates by fund raisers, company donations and some government support
(although it has applied to the FCC for permission to allow advertising). PBS
also uses affiliated stations to rebroadcast; however, it uses satellites to
distribute the information to those stations. Educational networks, funded
largely by states, local governments and universities to provide classroom
instruction to large audiences, have grown rapidly in the last decade. Although
most of this is fairly local, it is likely that as networks join together to provide
better training at less cost satellite distribution to local stations will grow.
Three states, Indiana, Florida and Michigan, already use satellite transmissior
meet their statewide educational goals.

2412 CATV Video

CATV video comprises program originators other than networks, who video
broadcast their programs on a part-time regional or national basis. Distribution
networks usually include terrestrial (cable), microwave and satellite facilities.
In the case of satellite distribution, affiliated small earth stations interconnect
the space segment (leased by the distributor) and the cable head end.

2.4.1.3 Occasional Video

Occasional video refers to event hroadcasting such as news, sports events or
movies. A large number of programmu. rs use this type of transmission including
t"¢ networks and various cable stations.

A number of companies, such as Wold or Satellite Syndicated Systems, offer this
type of service for a few hours at a time, using remote hookups much of the
time. Other uses for occasional video are continually being thought of. One
example is horse racing. In Connecticut, a highly successful theater was built in
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1979 which broadcasts live horse races. This idea has been picked up by
entrepreneurs in Las Vegas who plan to broadcast these races live.

24.14  Recording Channel

Recently, CBS announced plans for a video recording channel. Material suitable
for programming is transmitted to the home via cable during low usage hcurs
(after 1:00 A.M.). The growth of video recorders and the desire for uninter-
rupted programming that can be recorded along with the lower cost associated
with these hours makes this a desirable offering. By the year 2000 one can
expect that some recording channels will be offered during peak times or even 24
hours, based on the anticipated growth of video recorders.

2.4.2 Limited Broadcast

Broadcasting covers a very broad area whereas limited broadcasting is more
directed. Three services are covered under limited broadcasting: telecon-
ferencing and direct broadcast satellites/high definition television (DBS/HDTV).
Teleconferencing is usually conceived as a meeting between two or more groups.
DBS/HLCTV, are disciissed together since HDTV will be provided via DBS; DBS is
similar to broadcast TV although the former is picked up by a rooftop satellite
antenna.

2.8.2.1 Video-Teleconferencing

Video-teleconferencing is expected to be a driving iorce behind transponder
demand from 1985 through the end of this century. The basic purpose of video
conferencing is moving meetings to people, rather than people to meetings.
There are many variations of video-teleconferencing from fixed frame one-way
video/two way audio, requiring simple phone lines, to high definition two-way
video and audio, requiring a very large bandwidth. The number of sites involved
may vary from two to dozens

Video-teleconferencing is entering its growth phase. A number of companies,

including ARCO and MACOM, have inscalled their own facilities to conduct
video-teleconferences. Users report improved efficiency and increased cost
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effectiveness. As travel costs continue to rise and the cost of teleconferencing
facilities declines, video-teleconferences will become more popular. Hotel
chains are an example of this trend. Many major chains have established a
network to handle video-teleconferences. They include: Holiday Inn, Raddisson,
Hilton, Hyatt, and Marriott. Besides the hotel industry, a large number of
private companies, including AT&T and SBS, now provide this service and are
striving to expand their markets.

The taree video-teleconferencing arrangements analyzed include: full motion,
limited motion, and fixed frame. Full motion video-teleconferencing provides
the most realistic conference atmosphere. It is, therefore, the most popular
form of video-teleconfercncing. It normally uses 22 MHz of bandwidth and is
often used in conjunction with high speed facsimile or another data link. Digital
technology is the most likely form of transmission and a 2:1 compression ratio
can be expected by 1985. Limited motion video conferencing also transmits a
picture; however, gaps are apparent as the equipment waits for the next
transmission. This type of conferencing is useful where one person does much of
the presentation. Limited motion video conferencing can be done using 1.5, 3.1
or 6.3 Mbps facilities. Better motion, color and details occur at the higher
transmission rates. Western Union engineering analysis indicates that approxi-
mately 12 limited motion conferences could be held per transponder. Slow
motion video conferencing is very useful where diagrams or charts are being
presented and then discussed. This technique is useful with engineering drawings
and shows promise for telemedicine. Althuugh this type of conference can use
between 1.2 kbps and 1.5 Mbps, it was assumed that the average conference uses
56 kbps. Using this average along with internal engineering analyses that
considered such factors as channel spacing, it was determined that an equivalent
50 Mbps transponder could handle 300 one way video conferences.

2.8.2.2 Direct Broadcasting Service/High-Definition Television

Direct Broadcasting Service (DBS) is the direct reception of video or audio
signals from satellites by individual receiving antennas, thus bypassing terrestrial
transmission and receiving stations; this service, as well as high-definition
television, was considered as a market determinant factor.
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DBS provides an exceedingly flexible, distance-insensitive means of transmission
with the potential of reaching geographical areas which are difficult or impos-
sible to reach by terrestrial distribution networks. This factor is important when
considering the difficulties of providing an equitable distribution of communica-
tions services between rural and urban areas of the country.

Rural communications can be substantially enhanced by the use of direct
broadcasting services which can succcessfully transmit a smorgasboard of
communications services in an efficient, cost-effective manner. Special interest
television, commercial and non-commercial television, information services such
as teletext, store-and-forward message systems, educational and public service
programming are just a few of the telecommunications services which can be
provided by a direct broadcasting service.

One disadvantage of DBS is a lessening of local service. One of the underlying
concepts of the 1934 Communications Act was to encourage local ownership of

broadcasting facilities and local programming to satisfy community needs.

Existing technology is sufficient to implement a DBS System: all indications are
that DBS will become more economically feasible as the technology develops.

The cost of a receiving antenna has already decreased and will continue to do so
as DBS becomes a widespread reality.

The "footprint" of the transmission may be either broad beam, covering a large
geographical area or a spot beam, focusing in on a more specific location. The
power of the transmission and the geographical area targeted determines the
size of the receiving antenna (the dish). The signal can then be retransmitted
terrestrially by microwave or a similar system, although it is usually thought of
as direct-to-home transmission.

A major factor in direct broadcasting is the earth terminal which picks up the
satellite signal, amplifies it, and remodulates it for reception on television sets.
Beyond conventional television reception, direct broadcasting service could alsc
be the transmission mode for high-definition television (HDTV)., HDTV uses a

much wider bandwidth for transmission of a 1,125 line system that gives a much
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clearer television picture on a large screen than currently seen from the 525/625
line system used in conventional television broadcasting.

Japan, several European countries, and Canada have experimented successfully
with a direct broadcasting system. In the United States, the FCC is considering
deregulation of the cable industry which will have a great impact on the eventual
development of DBS. There have been nine applications accepted by the FCC
for permission to implement a DBS System (RCA, CBS, Western Union, Focus,
STC, DBSC, Graphic, VSS and USSB) despite the high risks and high costs of first
time entry into the market. Full implementation depends on economic condi-
tions, market conditions and launch schedules over the next several years. Only
3 of the 9 proposals have indicated any preliminary launch dates, starting in late
1985/1986. Presently, we can anticipate that around 25 satellites dedicated to
DBS will be operational around 1990 upon full implementation of these 9
proposals.

Comsat's DBS (STC) proposal envisions 6 satellites with four operational and two
in-orbit spares with services to be marketed in areas where no cable or limited
programming is available. It will be essentially a subscription TV service with
three channels: one with majcr motion pictures, concerts, and stage productions;
one with children's programining and one with sports, adult educational and
experimental theater. The Comsat system will require a 30" antenna at a cost of
around $500.00.

CBS has filed a DBS proposal to dedicate the entire DBS system to HDTV, a
proposition which finds little support among DBS applicants who see it as an
inefficient use of available spectrum. HDTYV requires a channel width of 27MHz
and may even go to 70MHz for optimum use. The CBS HDTV proposal would
transmit 1,125 line HDTYV signals to and from the satellite, requiring more
power and a 150MHz chann=l. This requirement would use a whole spectrum at
12GHz. It has been suggested that it may be compatible with the Comsat DBS
(STC) proposal by compressing HDTV signals to 50MHz. Increased transmission
power in this satellite range enhances the ability to receive the transmission
with a relatively uncomplicated small dish. This factor, in turn, makes individual
home reception a feasible and effective use of DBRS for the individual home-
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owner, hotels/motels, institutions, educational institutions, apartment buildings,
condos, and others.

There has been little coordination in the Western Hemisphere in terms of
allocating spectrurri space for DBS, despite Canada's early use of a DBS System.
Nor is there likely to be any decision before the 1983 World Radio Conference
for Region II, North and South America. That conference will allocate spectrum
for direct broadcasting service. Direct broadcasting service will transmit on
Ku-band by international agreement, and will most likely be in accordance with
standards set up by the 1977 WARC. There has also been an attempt to get the
FCC to allocate a bandwith of the spectrum for DBS. Currently, DBS is
expected to operate between 12.2 and 12.7GHz, a bandwidth allocated to fixed
satellite service (FSS).
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SECTION 3
POTENTIAL CPS USER CLASSES AND THEIR CHARACTERISTICS

3.1 INTRODUCTION

This section identifies and characterizes the classes of potential CPS users. The
classes identified were subgroups of the general categories of business, Govern-
ment, institutional and private users. Over 100 characteristics were used to
describe each subgroup. Information used to identify and characterize the
various users was obtained from primary and secondary research efforts.

3.2 PROCEDURES

The following major steps were conducted in the development of the descriptions
of potential CPS user classes (see Figure 3-1):

a.  Selection of a sample of users for telephone interviewing
b.  Development of the interview procedure

c.  Conducting the interviews
d.  Analysis of the survey results.

Each of these steps are briefly outlined.

3.2.1 Selection of Sample

Selecting the sample of users to interview involved the following activities:

a. Conducting secondary research to identify potential user clas-
ses and representatives of the classes and to define these
classes.

b. Reviewing lists of users representing most subclasses of users
throughout the United States.

c. Identifying users through Western Union's network of 500 Sales

Managers and Representatives throughout the United States.
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A list of the potential user classes is presented in Table 3-1; these user classes
are defined in Appendix D, Table D-1. Over 1,500 representatives of business,
Government and institutional classes were identified (the effort involving private
users is described below), and about 20 percent (i.e., 300) were selected for

interviewing. Representatives were selected on the bzsis of the total number of
representatives in their user class, geography, and size. Size was defined in
terms of sales dollars, number of employees, and/or number or customer/clients.

An effort was made to collect information on private users from public and
private organizations known or believed to have relevant information about the
telecommunication needs of private users. Some information was obtained on
the volume of telephone traffic, interest in direct broadcast services, and
price/demand relationships for residential homes, multi-family dwellings and
farms. However, this information was very limited and too inconsistent to
analyze and present. Consequently, no further effort was spent on characteriz-
ing the private users, and all subsequent discussions presented below pertain only
to business, Government and institutional user classes.

3.2.2 Development of Interview Procedures

Development of the interview procedures and instrumentation involved the
following activities:

a. Drafting the guidelines and the interview instrument

b. Field testing the procedure and the instrument :

c. Making necessary modifications and improvements based on
test results,

An outline of the final user survey is presented in Table 3-2, The complete
survey is presented in Appendix D. As indicated in Table 3-2, the user survey
included: introductory information, interviewee information, user information,
and infermation on general communications, voice, data and video.




TABLE 3-1. LIST OF USER CLASSES AND SUBCLASSES

CLASS

Business

Government

Institution

Private

SUBCLASS

Manufacturing

Transportation

Utilities

Retail/Wholesale
Finance/Insurance
Professional Business Services
Other Miscellaneous Business

Federal
State
Local

Education
Health
Religion

Homes - Urban, Suburban
Farms, Ranches
Apartments, Condos
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TABLE 3-2. OUTLINE OF USER SURVEY

Introductory Information
Purpose of Call '
Feedback to Participants
NASA's Role

Definition of Customer Premises Services

Overview of Interview Procedures

Interviewee Information
Name
Address
Phone
Title/Experience

User Information
Class-Subclass
Location

Region

## Locations

CONUS Coverage

Type (Urban - Rural)
Size

Sales

# Employees

General Information

Total Budget in §

Budget Change Expected

Service Volume Change Expected

Reason for Volume Change

Intra vs. Inter Organizational Needs

Price-Demand-Performance
Effects of Price Reductions
Reasons for Effects
Effects of Price Increases
Reasons for Effects
Effects of Improving Performance
Reasons for Effects
Effects of Lowering Performance
Reasons for Effects

Distribution of Traffic By Distance

CPS Information

Current Fastest Data Rate
Suitability of Facilities
Current Use of CPS
Provider of CPS

Results of Use

Features Influencing Use
Future Use of CPS

Reasons for Future Use
Future Plans - New Services

Voice Information

Annual Budget

Budget Change Expected

Service Volume Change Expected
Use of Specific Applications

Intra vs. Inter Organizational Needs
Peak Hour

Data Information

Annual Budget

Budget Change Expected

Service Volume Change Expected
Centralized vs. Decentralized

Use of Specific Applications

Intra vs. Inter Organizational Needs
Peak Hour

Video Information

Annual Budget
Budget Change Expected
Service Volume Change Expected
Video Teleconferencing

Use

Bit Rate

One Way - Two Way

Purpose

Reason for Use
Intra vs. Inter Organizational Needs
Peak Hour

v




3.2.3 Conducting the interviews

Of the 300 representatives selected for telephone interviewing, 253 were
actually interviewed and provided information on the major items covered in the
interview. About 15 percent (i.e., 47) were not included because they were not
reachable, would not cooperate or provided insufficient information to be
included.

3.3 SUMMARY OF SURVEY RESULTS

The results of the user survey are presented in detail in Appendix D, Tables D-3
through D-108. The information in these 106 Tables is presented in summary
form (e.g., by user class rather than by user sub-class) in Tables 3-3 through
3-16. The information in these 14 tables is presented in terms of the sample, i
budget, volume, price-demand-performance, customer premise services (i.e., use, :
features influencing use, actual result of use), and needs and services (i.e., new
delivery modes/applications, intra- inter-needs, channel rates in use, peak hours
and traffic distribution by distance). Table 3-17 presents the highlights of the
results.

3.3.1 The User Survey Sample

Tables 3-3 and 3-4 present summary information that describes the survey -
sample. The total sample included 253 users of which about 61 percent, 25
percent and 14 percent were, respectively, business, Government and institu- -
tional users. About half the uvsers were classified as large and the other half
were about equally divided between medium and small users. User sizes for the

three classes of users were defined as follows: i %
LARGE MEDIUM SMALL 1
Business > $400 Million in Sales $50-400 Million in Sales < $50 Million in Sales **
> 5.000 Employees 1,500-5,000 Employees < 4,500 Employces -
Government > 7,200 Employees 500-2,000 Employees < 500 Employees -'-E
Institutions > 20,000 Students 5,000-20,000 Students < 5,000 Students

> 7,800 Beds 200-800 Beds <200 Beds




TABLE 3-3. SAMPLE SIZE BY USER CLASS, USER CLASS SIZE AND REGION

SAMPLE SIZE BY CLASS

CLASS FREQUENCY PCT

g Business 153 60.5
L Government 64 25.3
Institutions 36 14,2

TOTAL 253 100.0

SAMPLE SIZE BY USER CLASS SIZE

SIZE OF USER CLASS FREQUENCY PCT

Large 133 52.6
Medium 65 25.7
Small ) 21.7
TOTAL 253 100.0

SAMPLE SIZE BY REGION

P e PN Y Py ey Py

| REGION FREQUENCY PCT
ME,NH,MA,CT,RL,VT 18 7.1
NY,PA,NJ 39 15.4
E DE,MD,WV,VA,NC,SC,GE,FL 58 22.9
E KY,TN,MS,AL 18 7.1
MI,WI,IL,IN,OH 42 16.6
E ND,SD,MN,IA,NE,KS,MO 23 9.
TX,0K,AR,LA 19 7.5
MT,ID,WY,UT,CO,AZ,NV,NM 9 3.6
' WA,OR,CA 27 10.7
E TOTAL 253 100.0
! 3.7
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TABLE 3-4. LOCATION AND NUMBER OF PREMISES OF USER SAMPLE

LOCATION OF USER PREMISES

THRU THRU THRU
THRU 1/2 1/4 1/4
CONUS CONUS CONUS CONUS

CLASS FREQ PCT PCT PCT PCT
Business 148 75.7 5.4 4,1 14.9
Government 54 38.9 3.7 0.0 57 .4
Institutions 32 21.9 0.0 3.1 75.0
TOTAL 234 59.8 4.3 3.0 32.9

URBAN-RURAL LOCATION

URBAN RURAL MIXED

CLASS FREQ PCT PCT PCT

Business 146 35.6 14.4 50.0
Government 59 54.2 6.8 39.0
Institutions 3 70.6 2.9 26.5
TOTAL 239 45.2 10.9 43.9

NUMBER OF USER LOCATIONS

CLASS FREQ MEAN
Business 140 267
Gover.ament 56 152
Institutions 33 99

TOTAL 229 215




The percentage of users by region varied from about four percent to 33 percent,
with over 50 percent of the users coming from three regions. About 60 percent
of the users had premises throughout the CONUS and about a third were limited
to one-fourth or less of the CONUS.

Close to half of the users were located in urban settings, slightly less in a

combination of rural-urban settings, and about 11 percent in only rural settings.
The mean number of locations per user was 215 locations.

3.3.2 Budget and Voluine of Services

Information on the annual budgets and volumes of services is presented in Tables
3-5 through 3-8; Table 3-5 includes information on all services, while Tables 3-6
through 3-7 includes, respectively, information on voice, data and video services.
The average total annual budget was about twenty million dollars, with business
users having the largest average budget. The expected increase in total annual
budget was about 13 percent, while the expected increase in volume of services
was about 11 percent. About two-thirds of the users indicated that their reason
for increasing volume of services was simply the desire for more services. The
average annual voice budget was about three-fourths oi the total budget, while
the annual average video budget was very small (i.e., one half million dollars).
However, the expected rates of budget increase were inversely related to
current budgets; the expected rate of increase in the video budget was the
highest (i.e., about 32 percent) and the expected rate of increase in voice budget
was the jowest (i.e., about 15 percent). The only significant difference between
expected increase in budget and expected increase in volume of services
occurred for video services (i.e., 32 percent for budget vs. 52 percent for
volume).

3.3.3 Price-Demand-Performance Relationships

Price-demand-performance relationships are summarized in Table 3-9. About 61
percent of the users said they would use a greater volume of services if costs
were reduced; the major reason for not using a greater volume if costs wre
reduced was that services were cost insensitive. Slightly less than half of the
users would use a smaller volume of services if costs were increased; again, the

3-9
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TABLE 3-5. COMMUNICATION BUDGET AND VOLUME OF SERVICES
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ANNUAL COMMUNICATIONS BUDGET (51000s

CLASS FREQUENCY MEAN
Business 124 25,268
Government 56 17,014
Institutions 28 2,793
TOTAL 208 20,020

EXPECTED INCREASE IN BUDGET

MEAN
CLASS FREQUENCY PCT
Business 137 +l4
Government 54 9
Institutions 27 A2
TOTAL 218 13
EXPECTED INCREASE IN VOLUME OF SERVICES
MEAN
CLASS FREQUENCY PCT
Business 139 12
Government b 7
Institutions 26 o
TOTAL 216 11
REASON FOR INCREASE IN VOLUME
REASONS
DESIRE

CLASS FREQ
Business 128
Government 28
Institutions 26
TOTAL 182

EXPANDING MORE BOTH

ORG  SERVICES REASONS
30.5% 61.7% 7.8%
3.6% 92.9% 3.6%
30.8% 65.4% 3.8%
26.4% 67.0% 6.6%
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TABLE 3-6. VOICE BUDGET AND VOLUME OF SERVICES

ANNUAL VOICE BUDGET (51000s)
CLASS
Business
Government

Institution

TOTAL

EXPECTED INCREASE iN BUDGET

CLASS
Business
Government

Institutions

TOTAL

FREQ

117
50
27

194

FREQ

140
51
29

220

EXPECTED INCREASE IN VOLUME OF SERVICES

CLASS

Business
Government
Institutions

TOTAL

FREQ

135
53
29

217

MEAN

18,461
14,219

1,755

15,043

MEAN PCT

13

OO

11

MEAN PCT




TABLE 3-7. DATA BUDGET AND VOLUME OF SERVICES

ANNUAL DATA BUDGET ($1000s)

CLASS
Business
Government

Institution

TOTAL

EXPECTED INCREASE IN BUDGET

CLASS
Business
Government

Institutions

TOTAL

FREQ

108
48
23

179

FRE
126
47
24

197

EXPECTED INCREASE IN VOLUME OF SERVICES

CLASS
Business
Government

Institutions

TOTAL

FREQ

124
46
24

194

MEAN

8,152
4,712

1,086

5,322

MEAN PCT

14
18
11

15

MEAN PCT

13
22
10

15
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TABLE 3-8. VIDEO BUDGET AND VOLUME OF SERVICES

ANNUAL VIDEO BUDGET (51000s

|
[
[
[

CLASS FREQ MEAN
Business 19 502
Government 1 100
Institution 1 860
TOTAL 21 500
N
r EXPECTED INCREASE IN BUDGET
3 ]
, CLASS FREQ MEAN PCT
H
Business 19 31
E Government 2 30
Institutions 2 16
E TOTAL 23 32
T
— EXPECTED INCREASE IN VOLUME OF SERVICES
CLASS FREQ MEAN PCT
Business 19 63
Government 2 50
Institutions 2 3
E TOTAL 23 57
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TABLE 3-9. PRICE-DEMAND-PERFORMANCE RELATIONSHIPS

WOULD YOU USE A GREATER VOLUME REASON WOULD NOT USE GREATER
OF SERVICES IF COSTS WERE REDUCED? VOLUME IF COSTS WERE REDUCED

COST LIMITED COST

: CLASS FREQ YES-PCT FREQ INSENS. BUDGET EFFECT.
Business 151 64.2 30 83.3 16.7 0.0
Government 63 44.4 19 68.4 10.5 21.1
Institutions _34 73.5 7 28.6 37.1 14.3
TOTAL 248 60.5 56 71.4 19.6 8.9
WOULD YOU USE A LESSER VOLUME OF REASON WOULD NOT USE LESSER L
SERVICES IF COSTS WERE INCREASED? VOLUME IF COSTS WERE INCREASED
COST COST
CLASS FREQ YES-PCT FREQ INSENSITIVE EFFECT.
Business 144 44 .4 38 89.5 10.5
Government 60 56.7 12 66.7 33.3
Institutions 34 41.2 14 71.4 28.6
TOTAL 238 47.1 64 1.3 18.8
WOULD YOU BE WILLING TO PAY REASON WOULD NOT PAY MORE
MORE IF PERFORMANCE IMPROVED? IF PERFORMANCE IMPROVED
ALREADY LIMITED COST
CLASS FREQ YES-PCT FREQ SATISFIED BUDGET EFFECT. 7
Business 144 29.2 46 36.5 23.9 19.6
Government 56 23.2 32 21.9 62.5 15.6
Institutions _34 32.4 14 50.0 30.0 0.0
TOTAL 234 28.2 92 43.5 41.3 15.2
WOULD YOU ACCEPT A LOWER LEVEL REASON WOULD NOT ACCEPT LOWER B
OF PERFORMANCE IF COSTS PERFORMANCE IF COSTS *
WERE REDUCED? WERE REDUCED -
CURRENT IS COST -
CLASS FREQ YES-PCT FREQ MINIMAL EFFECT.
Business 135 8.9 50 86.0 14.0 3
Government 54 7.4 30 96.7 3.3 ’
Institutions 31 9.7 15 93.3 6.7 j
TOTAL 220 8.6 95 90.5 9.5 ¥
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major reason for not using a lesser volume if costs were reduced was that
services were cost insensitive. Less than 30 percent would be willing to pay
more for improved performance; the two major reasons users could not pay more
was that they were already satisfied and that they had limited budgets. Less
than 10 percent would accept a lower level of performance if costs were
reduced; the major reason for nct accepting a lower performance was that their
current level of performance was already minimal.

3.3.% Customer Premises Services Information

Information on the potential users of CPS is presented in Tables 3-10 and 3-11.
Over 90 percent of all users indicated that either all or some of their facilities
were suitable for a 10 foot earth station. About 11 percent are currently using
CPS and in about two-thirds of the cases the provider was Satellite Business
Systems. Most said that the early results of using CPS were favorable; nearly 90
percent said it saved dollars, 75 percent said service was better and about
two-thirds said productivity was better. About a third of those not currently
using CPS are considering CPS in the future; businesses indicated the greatest
likelihood of future use. The major reason for considering future use was the
need to cut costs. Of some nine features that might influence future use of CPS,
users indicated that five were important: low cost, reliability, need for high
data rates, security and a need for an alternative to Telco.

3.3.5 Needs and Services

A variety of information on needs and services is summarized in Tables 3-12
through 3-16. Table 3-12 indicates that a variety of new delivery/applications
are planned, with the most frequently mentioned addition being video tele-
conferencing; currently about 15 percent of the users are using this service. In
Table 3-13, it is clear that voice services are needed slightly more for
intra-organizational needs than for inter-organizational needs, while data and
video services are needed significantly more for intra-organizational needs.
Users fastest channel data rates are indicated in Table 3-14; 9.6K is the most
typical fastest data rate. Table 3-15 indicates that voice has two peak hours
(10-11 a.m. and 2-3 p.m.) while data and video are even throughout the day.

3-15
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TABLE 3-10. USE OF CPS

SUITABILITY OF FAClLlTl§§ FOR 10 FT. EARTH STATION

CLASS
Business
Government

Institutions
TOTAL

FREQ

145
57
34

236

CURRENTLY USING CPS

CLASS
Business
Government
Institutions
TOTAL

FREQ  YES-PCT

RESULT OF USING CPS

CLASS
Business
Government
Institutions
TOTAL

NUMBER SUITABLE

All-PCT SOME-PCT NONE-PCT
60.0 32.4 7.6
61.4 29.8 8.8
60.6 30.5 8.9

PROVIDER IF USING CPS

FREQ SBS-PCT AMSAT-PCT

3-1e

134 15.7 19 63.2 36.8
57 1.8 1 100.0 0.0
2 107 14 _0.0  100.0
219 11.4 21 61.9 38.1
BETTER
SAVE DOLLARS BETTER SERVICE PRODUCTIVITY
FREQYES-PCT FREQ YES-PCT FREQ YES-PCT
20 90.0 18 77.8 19 68.4
100.0 1 0.0 1 0.0
2 300 1 1000 1 100.0
23 87.0 20 75.0 21 66.7
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TABLE 3-11. FUTURE USE OF CPS AND FEATURES THAT WOULD INFLUENCE THAT USE

W Wy s Wrs

NOT USING BUT REASON CONSIDERING
CONSIDERING FUTURE USE FUTURE USE
CuT IMPROVETECH
CLASS FREQ YES-PCT FREQ COSTS SERVICE HELP
Business 133 39.1 30 63.3 30.0 6.7
Government 56 17.9 6 66.7 16.7 16.7
Institutions 30 21.0 _5  100.0 20.0 20.0
- TOTAL 219 31.1 41 63.4 26.8 9.8
3
- FEATURES INFLUENCING FUTURE USE
. LOW COST RELIABILITY HIGH DATA RATES
3 IMPORTANT IMPORTANT IMPORTANT
. CLASS FREQ PCT FREQ PCT FREQ PCT
- Business 144 93,1 144 92.3 141 45.4
* Government 57 100.0 56 96.4 52 40.4
Institutions 34 91.2 34 94.2 36 41,2
1 TOTAL 235 94.4 23 93.6 227, 43.6
T VIDEO LOCAL PRIVATE
H CONF, CAPAB. LOOP SOLUTION OWNERSHIP
- IMPORTANT IMPORTANT IMPORTANT
CLASS FREQ PCT FREQ PCT FREQ PCT
. Business 141 16.4 141 14.1 142 29.5
Government 55 14.5 55 16.4 57 15.8
Institutions 32 37.5 32 12.6 3 32.3
-~ TOTAL 228 18.8 228 14.4 223 26.6
- SECURITY ALTERNATE TO TELCO
IMPORTANT IMPORTANT
. CLASS FREQ PCT FREC PCT
i Business 141 51.0 139 39.5
Government 54 35.2 53 37.7
7 Institutions 34 32.3 34 20.6
- TOTAL 229 4.6 226 36.3
-r
i
_§
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‘ TABLE 3-12. NEW DELIVERY/APPLICATIONS PLANNED

R et

TOTAL- BUS- GOVT- INST-

PCT PCT PCT PCT

| DELIVERY/APPLICATION (Freq=238) (Freq=134) (Freq=68) (Freg=36)

" Satellite Services 2.1 2.2 2.9 0.0
Fiber Optics 1.7 2.2 0.0 2.8
Microwave 1.7 0.7 4.4 0.0
SBS 7.1 9.0 2.9 8.3
CPS 4.2 5.2 b.4 0.0
Private Networks 4.6 3.0 7.4 3.6 )
Digital Services 6.3 7.5 4.y 5.6
High Speed Services 4.2 5.2 2.9 2.8
Video Teleconferencing* 23.9 27.6 16.2 25.0

, DBS 6.7 6.7 5.9 8.3

| Videotext 0.0 0.0 0.0 0.0

| Electronic Mail 2.9 2.2 2.9 5.
More Services 28.2 21.6 39.7 30.6
None 6.3 6.7 5.9 5.6

*Compare Percentages With The Following Current Use Percentages

' CURRENTLY USING VIDEO TELECONFERENCING?

CLASS FREQ YES-PCT |
Business 145 17.2 |
Government 55 5.5
Institutions _34 17.6
TOTAL 234 14.5
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TABLE 3-13. INTRA AND INTER ORGANIZATIONAL COMMUNICATIONS NEEDS

ALL SERVICES
INTRA- INTER-

CLASS FREQ PCT PCT
Business 122 56 44
Government 43 64 36
Institutions 30 _62 38
TOTAL 195 58 42

VOICE SERVICES
INTRA- INTER-

CLASS FREQ PCT PCT
Business 140 54 46
r Government 56 63 37
- Institutions 32 60 40
TOTAL 228 57 43

DATA SERVICES

INTRA- INTER-

7 CLASS FREQ PCT PCT
[: Business 132 78 22
Government 50 32 18
r Institutions 3l 88 12
* TOTAL 213 30 20

VIDEO SERVICES
INTRA- INTER-

E CLASS FREQ PCT PCT
Business 22 92 8
Government 2 40 60
Institutions 2 100 0
TOTAL 26 89 11
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ORIGINAL PAGE 18
OF POOR QUALITY

TABLE 3-18. CURRENT FASTEST CHANNEL DATA RATE

2.,4K 4.8K 9.6K 6K 15M  6.3M

CLASS FREQ PCT PCT PCT PCT PCT PCT

, Business 136 10.3 9.6 4.4 20.6 4.4 0.7
K Government 52 13.5 26.9 46.2 11.5 1.9 0.0
Institutions 33 24,2 12.1 60.6 0.0 3.0 0.0

TOTAL 221 13.1 14.0 53.4 15.4 36 0.5
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VOICE SERVICES

CLASS
Business

TABLE 3-15.

Government

Institutions

TOTAL

DATA SERVICES

CL ASS
Business

Government

Institutions

TOTAL

VIDEO SERVICES

CL ASS
Business

Government

Institution

TOTAL

PEAK HOURS FOR SERVICES

FIRST PEAK
10:00 - 11:00 AM
FRIQ  PCT

145 51.1

58 39.7

3% 500
227 43.0
FIRST PEAK
EVEN
FREQ  PCT
1% 29.8

40 45.0

26 333
180 36.7
FIRST PEAK
EVEN
FREQ  PCT
15 26.7
1 0.0
2 300
18 27.8
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SECOND PEAK
2:00 - 3:00 PM
FREQ  PCT
111 58.6
44 34.1
2 9
187 50.8

SECOND PEAK

EVEN
FREQ  PCT
79 43.0
33 51.5
2 542
136 47.1

SECOND PEAK

EVEN
FREQ PCT
8 50.0
1 0.0
2 0.0
11 45.5




Table 3-16 indicates that about 50 percent of the traffic of users falls between
151 and 1000 miles.

3.3.6 of User

The information discussed ahove is summarized in Table 3-17.
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[ TABLE 3-16. DiSTRIBUTION OF TRAFFIC BY DISTANCE
' (DOLLARS IN 1000s)
r ORIGINAL pagy 3
. OF POOR QuALITY
': NUMBER OF USERS FOR WHICH TRAFFIC AND DISTANCE INFO AVAILABLE: 194

TOTAL COMMUNICAT!ON DOLLARS FOR THESE USERS: 4068888
r TOTAL COMMUNICATION DOLLARS FOR MAJOR ROUTES OF THESE USERS: 1711026.77

TOTAL NUMBER OF THESE MAJOR ROUTES: 86l

.

r MILEAGE BANDS  PCT DIST DOLLARS PCT ROUTES
. <40 7.32 8.23
: 41-150 15.10 10.31
151 - 500 27.53 27.67
B 501 - 1009 22.07 16.68
e 1001 - 2100 16.38 26.58
= 2100+ 11.61 10.53
—
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ORIGINAL PAGE I8 1
OF POOR QUALITY |

TABLE 3-17. HIGHLIGHTS OF USER SURVEY ; 1
SAMPLE ) %
Class Business: 61% -
Government: 25%
Institutions: 14%
Subclasses 3% to 25% (Medical, Manufacturing)
Size Large: 52%
Medium: 26%
Small: 22% .
Region 9 Regions, varicd from 4% to 23% ;
~Number of Locations Range: | to 3200
Mean: 215 T
CONUS Coverzge ALL CONUS: 60% i

% CONUS: 4%
% CONUS: 3% &
% CONUS: 33% o

Urban/Rural Urban: 45% i
Rural: 11% T
Both: 44%
BUDGET

1982 - Dcllars

Total Range: $5,000 to $500,000,000- Mean: $20,020,000
Voice Range: $5,000 to $300,000,000; Mean: $i5,043,000
Data Range: $0 to $200,000,000; Mean: $6,322,000
Video Range: 30 to $3,000,000; Mean: $502,000

Growth Rate

Total Range: -20% to 100% Mean: 13%
Voice Range: -20% to 100% Mean: 11%
Data Range: -10% to 400% Mean: 15%

Video Range: 0% to 300% Mean: 32% ; ;
VOLUME 7
Growth -
Total Range: -15% to 100% Mean: 1% i
Voice Range: -16% to 100%  Mean: 9% i
Data Range: -10% to 600% Mean: 15%
Video Range: 0% to 600% Mean: 57% 1
m
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TABLE 3-17. HIGHLIGHTS OF USER SURVEY (Continued)

 Beason ORIGINAL
: . FAQGE 13
Organization Expansion: 26% i3
More Services: 67% OF POOR (UALITY
Both: 7%

PRICE DEMAND PERFORMANCE

Wi

Use More if Costs Reduced? yes: 61% no: 39%
Reason No: 71% cost insensitive

Use Less if Costs Increased? yes: 47% no: 53%
Reason No: 81% cost insensitive

Pay More if Performance Increased? yes: 28% no: 72%
Reason No: 41% limited budget; 44% already satisfactory

Accept Lower Performance if Costs Reduced? yes: 9% no: 91%
Reason No: 91% current is minimal

CUSTOMER PREMISE SERVICE
Use Facilities Suitable? All: 61% Some: 30% None: 9%
Currently Using? Yes: 11%  No: 89% :
Provider? SBS: 62%  AMSAT: 38%
Currently Considering Yes: 31%  No: 69%
[ Consider in Future Yes: 37%  No: 63%
Features Influencing Use
Low Cost: 94% (very: 1, 2)
[ Reliability: 93% (very: 1, 2)
High Data Speed: Mixed
Video Conferencing Capability: Mixed
E Local Loop Solution: Mixed
Private Ownership: Mixed

Security: Mixed
Telco Alternate: Mixed

Actual Results of Use
ved Dollars: 879%
Service Beiter: 75%
Productivity Better: 67%

i
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TABLE 3-17. HIGHLIGHTS OF USER SURVEY (Continued)

NEEDS AND SERVICES

New Delivery/Applications Planned

Satellite Services: 29§

Fiber Optics: 2%
Microwave: 2%
SBS: 7%
CPS: 4%

Private Networks: 5%
Digital Services 6%

Intra-Inter Needs

Total Intra: 58%
Voice Intra: 57%
Data Intra: 80%
Video Intra: 89%
Current Fastest Channel Data Rate
<2.4K 13%
4,.8K 14%
9.6K 53%
56K 15%
1.5M 4%
6.3M 1%
Peak Hour
Voice First:
Second:
Data First:
Second:
Video First:
Second:

Distribution of Traffic By Distance

Mileage Bands
<40

§1-150
151 - 1000
1001 - 2100
2100+

3-26

High Speed Services:
Video Teleconferencing
DBS:
Videotext:
Electronic Mail:
More Services:
None
Inter: 42%
Inter: 43%
Inters 20%
Inter: 11%
10:00 - 11:00 AM 48%
2:00 - 3:00 PM 51%
Even 37%
Even 47%
Even 28%
Even 46%
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SECTION &
COMPARATIVE ECONOMICS

Al INTRODUCTION

This section describes the cost analysis that was required to develop the CPS,
overall satellite and Ka-band CPS forecasts. First, the methodology which was
employed is summarized, and then the major assumptions that were made are
explained. Steps taken to estimate the end-to-end satellite service costs and to
develop the crossover or breakeven distances are delineated. For each step
where key assumptions were made, the basis for each assumption is discussed.
Lastly, the estimated costs and the crossover distances are presented in a
summary of the cost analysis results. A more detailed discussion of the
methodology and results are presented in Appendix F.

As noted in earlier sections, a customer premises services (CPS) network may be
either a dedicated unshared network (i.e., only one user) or a shared network
(i.e., several users sharing the facilities). In unshared applications the earth
station is located on customer premises, whereas in shared applications, two or
more customers share the earth station and are connected to the earth station
through dedicated tails. A cost analysis was conducted for both types of
networks, for both .999 and .995 availability levels, for C-, Ku- and Ka-bands for
the years 1982, 1990 and 2000,

82 COST ANALYSIS METHODOLOGY

The steps used in estimating end-to-end satellite service costs for CPS systems
and for estimating the crossover distances are outlined below, and diagrammed
in Figure 4-1.
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b.

C.

d.

i

i.

a2.1 Earth Station Cost Analysis

Earth station costs were estimated using the steps outlined below:

Define the CPS earth stations.

This step involved a survey c¢. the literature on the traffic
requirement for private user networks and the use of the
obtained information to define the size of the earth stations.
Develop earth station component costs.

Various vendors and technical literature were surveyed to
obtain the cost of earth station components. These component
costs included antenna subsystem, low noise amplifier, high
power amplifier, upconverter, and terminal costs.

Define typical satellite parameters.

In designing and sizing the CPS s.th stations, relevant satellite
parameters such as effectiv.: '=atwic radiated power (EIRP)
and receive G/T were definet “'he existing satellites in the
orbit and the satellites planned for future launch were
examined, and typical values for' EIRP and G/T were selected
and used for the earth station sizing.

Size the CPS earth stations.

Using the capacity requirement of various earth stations and
the typical satellite parameters the earth station link budget
was analyzed and the size of various earth station components
estimated. Normally link budget analysis establishes the uplink
EIRP and downlink G/T requirement, from which HPA power
requirement, LNA noise temperature and antenna size can be

estimated. he earth stations were designed and sized for .995
and .999 availability level.

Calculate investment required for CPS earth stations.

Using the design and size of earth stations and the costs of
various earth station components, the costs or investment
requirement for various CPS earth stations were estimated.
Determine annual payback requirement of CPS earth station.
Western Union's proprietary financial package which considers
key factors that influence investments (e.g., cost of raising
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money, return on investment, operation and maintenance over-
head, and tapes on income) was used to estimate the annual
payback requirement of various CPS earth stations.

4.2.2 Satellite Cost Analysis

Various FCC filings, satellite vendors and technical literature were surveyed to
determine the satellite costs. The steps are outlined below.

a. Develop typical C, Ku- and Ka-band satellite parameters.
The satellites in orbit and those to be launched in the near
future were examined to determine typical C-, Ku-and
Ka-band satellite parameters.

b. Survey vendors, filings and literature.
The FCC filings for various existing domestic satellites and
satellites planned for the future and technical literature were
surveyed to obtain information on: the development cost for
the satellite, recurring cost per satellite, TT&C cost, launch
cost, and typical insurance costs.

c. Develop typical satellite costs.
Using the information obtained from the surveys noted above,
the typical satellite costs were estimated for C-, Ku- and Ka-
bands for .999 and .995 availability levels.

d. Define a typical satellite system.
Various satellite carriers were surveyed and FCC filings were
examined to determine the ratio of orbiting to ground spare
satellites. These ratios were determined for C-, Ku- and Ka-
bands.

e, Caluclate investment cost of a typical satellite system.
Having defined the typical satellite system and estimated the
cost of such a system, the investment cost of a satellite system
was determined as follows:
I = N(R+L+IN)+R +NE+ TT&C

where

I = Investment cost of the system
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N = Number of satellites launched
R = Recurring cost for a satellite (refers to ground spare as
well as in-orbit satellite)
L
IN = Insurance cost of a satellite
NR= One time development or non-recurring cost
TT&C = TT&C cost of the system.
f.  Calculate payoff requirement of the system.

Launch cost of a satellite

Western Union's proprietary financial package was used to
determine the annual payoff requirement for the satellite
system. As noted earlier, this package takes into consideration
such factors like cost of money, return an investment, and life
of the system.
g Develop annual payoff requirement of the transponder.

When a satellite is launched, all its transponders are not used
immediately; the number of transponders used, gradually
increases. The average number of transponders in use through
the life of the system is needed to determine the annual payoff
requirement of a transponder. The average number of active
transponders through the life of a satellite was estimated for
C-, Ku- and Ka-bands. Using the annual payoff requirement of
a satellite system and the average capacity usage of the
system, the annual payoff requirement of a transponder was
computed. These requirements were estimated for C-, Ku- and
Ka-bands.

4.2.3 Define the Typical CPS System

A typical CPS system wa> defined for C-, Ku- and Ka-bands. A typical system
consists of a space segment (i.e., a number of transponders), an earth segment
(i.e., a number of earth stations), a terrestrial segment, and a central network
controlling facility.
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8.2.4 Define the Services and the Data Rates

Various users and technical literature was surveyed to determine the service
needs of private networks. Then the services and corresponding data rates
(where applicable) were defined.

425 Annual Pa Requi t of a Typical CPS System
Having defined a typical CPS system and estimated the earth segment and space
segment, annual payback requirements, the annual payback requirement of a CPS

system was calculated.

8.2.6 Develop Annual Payback Requirement of Various Services

The total payback requirement of the system was allocated in proportion to the
capacity used for the services under consideration and added to the channel
dependent cost to compute the annual payback requirement of various services.

4.2.7 Determine Crossover Distances for Unshared Earth Stations

For services under consideration for a CPS system, the equivalent AT&T tariffs
were used, and the disti..nce at which AT&T tariff cost was equal to the satellite
service cost was computed for various services and different types of earth
stations for the availability levels of .995 and .999.

4.2.83 Determine Crossover Distances for Shared Earth Stations

For the shared application it was assumed that only large and medium earth
stations would be shared. Since in this application customers are not colocated
with the earth station, dedicated tails are used to extend the services to the
customer; the average length of the tail was assumed to be three miles. For tail
extension costs, the AT&T tariffs were used for the service to be extended. The
total service cost for a CPS satellite network was compared with the AT&T
tariff for the equivalent service and the breakeven distance computed for

various service types, various earth station types for the availability levels of
'995 Bl'ad 5999.
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4.3 COST ANALYSIS ASSUMPTIONS AND CONSIDERATIONS

In conducting the cost analysis steps outlined above key assumptions and
considerations were made; these are discussed below.

3.1 CPS Earth Station Size

As noted above, a CPS network can be either an unshared network or a shared
network, and the earth station in an unshared application is located on the
customer's premise, whereas in the shared application, two or more customers
share the earth station and are connected to the earth station through dedicated
tails. In this study earth station sizes were defined as follows:

CAPACITY
Large Earth Station 32 Mtbps
Medium Earth Station 6.3 Mbps
Small Earth Station 1.5 Mbps
Mini Earth Station 64 Kbps

All four sizes were considered for unshared systems, while only the large and
medium sizes were considered for shared systems. The modulation scheme that
was used was quadature phase shift keying, and earth stations were designed with
999 and .995 availability levels.

832 CPS Space Segment

As indicated earlier, the three types of space segments that were considered
were C-, Ku- and Ka-band space segments. A typical sate-of-the-art C-band
satellite has 24, 36 mhz wide transponders and uses horizontal and vertical
polarization. In the cost analysis of the C-band space segment the typical
satellite was used. The cost estimates were obtained by examining the costs
associated with Westar IV (Western Union's domestic satellite in C-band) and
looking at various FCC filings. While a typical satellite has emerged for C-band,
various types of satellites are being planned for Ku-band. For this study a Ku-
band satellite similar to that planned by GTE was considered typical. This
satellite has 16, 54 mhz wide transponders and uses dual polarization. A Ka-band
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satellite has not been planned yet; these systems are still in the preliminary
technology development and planning stages. The Ka-band space segment for
CPS systems may be configured using a TDMA, FDMA or Hybrid approach. For
the Hybrid approach, the uplink uses the FDMA approach, while the downlink
uses the TDMA approach. For CPS applications the Ka-band satellite uses a
number of scanning beams and on-board regeneration technique.

4.3,3 Satellite Systems

It was assumed that for C- and Ku-bands the satellite system would consist of
two satellites in orbit and one ground spare. For these two bands, half the
number of transponders will be used at the start of the system and demand will
uniformly grow to include the total number of transponders. The satellite life
was assumed to be 10 years and, on the average, three-fourths of the number of
transponders will be used. For the Ka-band spacecraft, the equivalent transpon-
ders concept was used. The equivalent transponders capacity was assumed to be
60 Mbps. In completing the price per equivalent transponders, the following
assumptions are made:

a. The average life expectancy for the spacecraft will be 10 years.

b. The average capacity in use at any time will be 0.5.

c. The space segment will consist of one in-orbit satellite and one
ground spare.,

5.3.8 CPS Networks

For estimating end-to-end user costs for various CPS earth station types, the
following assumptions were made:

a. Twonodes were considered for end-to-end user cost.

b.  The earth station at each node was the same type.

c. The interface to the customers equipment was for voice, data
and teleconferencing.

Further, and as noted earlier, two types of CPS applications were considered:
the unshared CPS network, where no terrestrial tails are needed to extenc the
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service, and the shared CPS network where terrestrial tasks are needed to
extend the service to the customers. For extensions, dedicated tail circuits of 3
miles were used; and only large and medium earth stations were assumed to be
shared.

835 Dedicated Terrestrial Tails
For the purpose of this study the tails for shared earth stations were considered

dedicated tails that would be leased from Telcos. The tarriffs used for tail
extensions weras

SERVICE FACILITY TARIFF TYPE

Voice 300- 3000 hz FCC No. 260
Private Line Type 2001

Data 2.4,4.8,9.6 FCC No. 267

56 and 1544 kbps
8.3.6 User Services

The CPS services considered for this study were described in detail in Section 2.
For cost computation purposes the services were categorized by the occupied
bandwidth or data rate as follows:

a. Voice service (4 khz voice channel)
b.  Data service of speeds 2.4, 4.8, 9.6 56 and 1544 kbps
c.  Video service - 1544 kbps.

897 Comparative FCC Tariffs

As noted earlier the breakeven distance was defined to be that distance where
end-to-end user costs by satellite are equal to that of the terrestrial cost as
determined by using terrestrial tariffs for an equivalent service. Comparative
service tariffs used were as follows:
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SERVICE FACILITY TARIFF TYPES
Voice 300 - 3000 hz FCC No. 260
Private Line Type 2001
Data 2.4, 4.8, 9.6, FCC No.267
5.6 kbps
1.544 Mops FCC No. 267
FCC No. 271 for
Terminations

3.3 Future Trends
Important future trznds are outlined below.

red.8.1 Digital Trends

It was generally accepted that the communication trend is towards total digital
systems, as opposed to analog systems; therefore it was assumed that in 1990 and
2000 communication would be entirely digital for CPS applications. The reasons
were twofold.

a. The availability of digital microcircuitry at reasonable prices
b.  Therequirement for integrated services.

8.3.3.2  Capacity Improvement Techniques

Presently in digital transmission schemes, the TDM/TDMA approach with
quadrature phase shift keying (QPSK) is being used. With this approach a typical
C-band 36 Mhz wide transponder could transmit 60 Mbps of information. It was
anticipated that by the year 1990 more spectrally efficient modulation schemes
would be used. It was assumed that in 1990 transmit capacity of a typical C-
band transponder would increase by 50% to 90 Mbps. For Ku-band, the present
burst rate supported by 54 Mhz wide transponders is 60 Mbps. It was assumed
that by the year 1990 the burst rate would increase by 50% to 90 Mbps (QPSK
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modulation), and for the year 2000 the burst rate would increase by another 30%
to 135 Mbps, It was assumed thet these capacity improvement techniques would
be used for single carrier full transponder large eerth stations, but would not be
applicable for multiple carrier partial transponder small earth stations. For Ka-
band it was assumed that in the year 2000 a spac:craft with a 10 Gbps capacity
would be used for CPS applications.

4.3.8.3 Costs

The following cost assumptions were made:

a.
bl

c.

e,

f.

h.

Cost reductions and future costs were expressed in 1982 dollars.
For the C-band satellite system development cost was assumed
to be zero. However for Ku- and Ka-band satellite systems,
where designs are not standardized, a finite development cost
was included for each of these systems.

Cost of TDM/TDMA terminals and channel units will reduce at
an annual rate of 15% (in 82 dollars) until 1990 and 10% until
the year 2000.

It is expected that costs of the RF portion of the earth stations
will reduce at a rate of 3% per year.

Cost of monitor and control subsystem is expected to decline
at an annual rate of 15% until 1990 and 10% uitil the year
2000,

Cost of C-band :atellites will stay at the came level as they are
today since these satellites have becn used for domestic com-
munications for over a decade and technology seems to have
matured.

Since the Ku-band technology is not mature, the cost of Ku-
band satellite was assumed to accline at a rate of 3.5% per year
until the year 2000.

For Ka-band, it was assumed that the satellite cost in year 2000
will remain the same as in year 1990.
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%4 DISCUSSION OF RESULTS
.41 Earth Station Costs

The presen: costs of C-band earth stations are summarized in Table 4-1. The
capacity, approach, uplink/downlink, availability level, earth station description,
earth station cost, installation cost, total cost, and number of carriers per
transponder are indicated for each earth station size or type. Similar informa-
tion on the present costs of Ku-band earth stations is summarized in Table 4-2.
The costs projected for 1990 and 2000 for C- and Ku-band earth stations are
summarized in Tables 4-3 and 4-4 respectively. Projected Ka-band earth station
costs are summarized in Table 4-5. As noted in the previous section and in
Tables 4-1 through 4-5 all earth station costs are expected to decline. Also, Ka-
band TDMA earth stations are expected to be less expensive than Ka-band FDMA
earth stations.

$.4.2 Satellite Costs

Estimates of initial investment cost of the C-, Ku- and Ka-band satellite systems
are summarized i Table 4-6. Using these estimates and Western Union's
financial packages, the annual pay»ff requirements of C-, Ku- and Ka-bund
transponders wore estimates and are presented in Figures 4-2, 4-3 and 4-4,

8.8.3 Break-Even Distances

Tables 4-7 through 4-38 lists the monthly payoff requiremeats and the cor-
responding crossover distances for C-, Ku- and Ka-bands for shared and unshared
systems tor the year 1982, 1990 and 2000. The following is a guide for reviewing
these tables:

a. Tables 4-7 through 4-10: 1982 mot.thly payoff requirement in §
for C- and Ku-band CPS, unshared and shared systems

b. Tatles 4-11 through 4-14; 1982 crossover distances in miles for
C- and Ku-band CPS, unshared and shared systems
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C.

e.

f.

Tables 4-15 through 4-20: 1990 monthly payoff requirement in
$ for C-, Ku- and Ka-band CPS, unshared and shared systems
Tables 4-21 through 4-26: 1990 crossover distances in miles for
C-, Ku- and Ka-band CPS, unshared and shared systems

Tables 4-27 through 4-32: 2000 monthly payoff requirement in
$ for C-, Ku and Ka-band CPS, unshared and shared systems
Tables 4-33 through 4-38: 2000 crossover distances in miles for
C-, Ku and Ka-band CPS, unshared and shared systems.

A review of these tables will indicate that in 1982, C-band had a lower crossover

distance than Ku-band for all four configurations (i.e., shared or unshared with
.999 or .995 availability,. For 1990 and 2000 for all unshared systems a majority

of the crossover distances for Ka-band will be lower than those for C-band

which, in turn, will be lower than those for Ku-band; however, for large and

medium sized earth stations in 1990, Ka-band crossover distances will be the

largest. The relative sizes of the crossover distances for shared systems for the

three bands vary from 1990 to 2CJ0 and across availability levels for these years.

In general, the crossover distances for Ka-band, as compared with those for C-
and Ku-bands, will be the lowest for unshared systems and the highest for shared
systems in 1990 and 2000.
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TABLE 4-6. INVESTMENT COST OF C-, KU- AND KA-BAND
SATELLITES IN MILLIONS OF DOLLARS

KA-BAND (TDMA)

COST ELEMENTS C-BAND KU-BAND 3 Gbps 5 Gbps 10 Gbps
Development (NR) 0.0 34.0 180.0 220.0 280.0
2(R+L+IN) 136.9 163.8 -- -- --
1(R+L+IN) - - 74.9 86.6 110.0

: r‘ TT&C 15.0 i5.0 40.0 40.0 40.0
. R 3.0 _35.7 _40.0 _50.0 _70.0
} r TOTAL 210.0 248.5 334.9 396.6 500.0
e

i

: .

§

e

1 R = Satellite Recurring Cost
1 [ L = Launch Cost
) IN = Insurance Cost
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I SECTION 5
BASELINE FORECAST

5.1 INTRODUCTION

The baseline forecast is an estimate of the current and future volume of traffic.
I To develop this forecast every service was examined with regard to its own
| unique nast and future, taking into consideration only those events with a high
probabiiity of occurrence (see Figure 5-1). Several steps were incorporated to
make certain all traffic in the United States was included , but none was counted
more than once. Another consideration for each case was the fact that machines
operate at different speeds and use ditferent transmission media, such as digital

and analog.

Given the definitions of the various services (see Section 2) specific forecasting
methods were developed for each service. Basically, this involved gathering
available information from users, providers, the literature and internal sources
for each service. The basic approach for each service included a consideration
of: historical information (such as telephone traffic); future volume of the
machines producing the traffic (such as computer terminals for data traffic);
and/or on the future volume of the actual service (such as electronic mail). The
most appropriate basis was selected for developing the baseline for each service
(see Figure 5-2).

( Once the technique for forecasting the baseline was determined for each service,
a detailed analysis was conducted. Vendors and users were contacted, the most

recent industry studies were obtained, and government agencies were visited.

After deriving the baseline, it was discussed with Western Union Product Line ‘
Managers, Engineers, and Market Researchers, and their feedback was used to
fine tune the projections.

— oy

i Individual baseline forecasts were developed for 31 of the 34 services listed in

Table 2-1 of Section 2 (see Table 5-1). Forecasts were not made for voice store-
‘ , and-forward, Direct Broadcast Satellites (DBS) and High Definition Television
F (HDTV). Voice store-and-forward is not actually a new service, but rather a way

of aiding the business message telephone service. Therefore it was treated as a

c 5-1 :
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TABLE 5-1. NAMES OF SERVICES FOR WHICH FORECASTS WERE DEVELOPED

GROUPING SERVICE

VOICE Message Toll Service Residential
Business *

Other Telephone Private Line
' Mobile Radio

Radio Public
Commercial and Religious
Occasional
CATYV Music
Recording Channel

DATA Terminal Operations Data Transfer
Batch Processing
Data Entry "
Remote Job Entry
Inquiry Response
Timesharing

Electronic Mail USPS EMSS
Mailbox Services
Administrative Message Traffic
Facsimile
Communicating Word Processors

Record Services TWX/Telex
Mailgram/Telegram/Money Order

Other Terminal

Services Point of Sale
Videotex/Teletext
Telemonitoring
Secure Voice

VIDEO Broadcast Network Video
CATV Video
Occasional Video
Recording Channel

Limited Broadcast Teleconferencing




r market determinant factor, and its effect shows up in the impacted baseline.
DBS and HDTV are unique services and were discussed together. A forecast of
these services was not made, however, since the 1983 World Administrative
Radio Conference (WART) and the FCC are likely to allocate a separate area of
s spectrum outside the C-, Ku- or Ka-bands normally used. It is likely that these
‘ services will have an impact on other video services, therefore, they are treated

as market determinant factors.

The methodologies and baseline forecasts for each of the services are presented
below. When appropriate, the approaches, techniques and results are presented
for groups of services. More detailed discussions of these methodologies and

forecasts are presented in Appendix A.

5.2 VOICE BASELINE METHODOLOGIES AND FORECASTS

As stated in Section 2, ten services were included in the voice category.
Forecasts were developed for nine of these (as noted above, forecasts were not
developed for voice store-and-forward): MTS (Residential), MTS (Business),
Private Line, Mobile Radio, Public Radio, Commercial and Religious Radio,
Occasional Radio, CATV, and Recording Channel.

5.2.1 Message Toll Service

The baseline for message telephone traffic was d:termined by using extensive
FCC statistics along with studies completed by AT&T. The basic approach (see
Table 5-2) began with the number of toll messages sent in the United States
during 1980: 21,832 million. Then, on the basis of AT&T reports which indicated
the average number of calls per business and residential phone, a ratio of
business to residential calls was determined as 55:45. After splitting the traffic,
the business and residential traffic was divided by the number of days they were
used. The peaking factor, as determined by AT&T, was then applied. The next
step was to ascertain the amount of inter and intrastate traffic. By doing some
{ internal analysis using tariffs, a percentage for each type of traffic (60:40 for
business; 40:60 for residential) was determined. The average holding time
determined for each type of traffic was then applied. To the holding time a
factor was added for transmission overhead. Once the traffic was in Erlangs an

T < S ST T B i AR N Lo . - — g - s



TABLE 5-2
BUSINESS/RESIDENTIAL MTS 1980

BUSINESS RESIDENTIAL
Number of toll messages: 21,832M
Split 55% 45%
Toll messages 12,007.5M 9,824.3M
Percent of messages occurring 98% 67%
between Sunday midnight
and Friday midnight
Messages during normal work week 11,767 .4M 6,582.3M
(entire year)
Work days per year 250 250
Messages per work day 47.070M 26.329M
Percent during peak hour 14.9% 10.7%
Messages during peak hour 7.013M 2.817M
Interstate/intrastate split 60% 40% 40% 60%
Calls 4.208M  2.805M 1.127M 1.690M
Call-minutes/hour 123 .085 .123 .085
Erlangs .518M .2384M .1386M .1437M
Half-voice circuits 1.0352M 4769M .2772M .2873M
Half-voice circuits 1.521M . 5645M
Half-voice circuits needed 1.588M .5930M
for .9999 service availability.
TABLE 5-3

MESSAGE TOLL SERVICE TRAFFIC FORECAST (1000's OF HALF-VOICE CIRCUITS)

1980 1990 2000
Business MTS 1588 4118 8890
Residential MTS 593 1279 2639
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estimate of the number of trunks (half-voice circuits) needed to provide a .9999
service availability was established. This would have involved separating the
traffic into its different city pairs; since this was impractical an estimate of the
overall percent of trunks was made based on Erlang tables, and five percent was

used.

Historical FCC data, along with internal information, was used to arrive at the

following projected growth rates for business and residential toll messages:

GROWTH RATES (%) 1980 to 1990 1990 to 2000
Business 10 8
Residential 8 7.5

No data was available to indicate a change in peaking factors or percent ci
interstate versus intrastate traffic. Holding times seem to be increasing
slightly, and progress is being made on reducing overhead per call; therefore, the
holding time plus the overhead is held constant. Based on these projections, it
was possible to estimate the number of half-voice circuits required in 1990 and
2000 for message toll service. A summary of the 1980, 1990 and 2000 forecasts

is presented in Table 5-3 on the previous page.

5.2.2 Private Line

Since private lines are leased full time, there was little need to determine the
amount of traffic carried by them as has been done for other services. Instead,
the important factor was the number of lines leased. To determine the number
of lines leased (see Table 5-4) the revenue for toll private lines was user; this
number included private line revenue from sources other than telephone usage.
Based on internal discussions it was concluded that 70 percent of the revenue
was from private line telephone. To this an estimate of the additional market
(15 percent) held by companies other than the 68 telephone carriers was added.
After determining the revenue, it was split between interstate and intrastate:
72 percent for interstate and 28 percent for intrastate. Next, average tariffs for
interstate and intrastate were used to determine the average number of circuits

leased during the year.



TABLE 5-4

PRIVATE LINE
(thousands)
Revenue $ 3,874,545
Percent contributed to telephone 70
Revenue (Telephone Companies) 2,712,181
15% Revenue (Other Carriers) 426,827

$ 3,139,008

INTERSTATE INTRASTATE
Percent 72 28
Revenue 2,260,085 878,922 iR
Tariff Rates
Average number of miles 1.0 .
Rate 12.3 4.5
Circuits in 1981 183.7 195.3
Circuits in 1980 156.2 166.0
TABLE 5-5
FORECASTS OF INTERSTATE AND INTRASTATE
PRIVATE LINE TRAFFIC
(IN THOUSANDS OF HALF-VOICE CIRCUITS)
1980 1990 2000
Interstate 312.4 1263.8 3278.0
Intrastate 332.0 1343.1 3483.7
TOTAL 644.4 2606.9 6761.7
5-8 .
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Reviewing the rapid increase in competition to provide MTS service and the
changes in tariff rates, it was expected that the growth rate for private line
service would be around 15 percent during much of the 1980s, gradually falling
off at the end of the decade to an average of 10 percent in the 1990s. A
summary of the interstate and intrastate private line forecasts are presented in
Table 5-5 on the previous page.

5.2.3 Mobile Radio

Recently, there has been a great deal of interest in the mobile radio market.
Numerous studies have been performed by AT&T, Motorola, MCI, Western Union
and others in support of their tariff filings. Filings for the top 30 cities are
currently at the FCC and much of the related marieting information has been
reviewed. In addition, Western Union has gathered a great deal of .nformation
by having filed either along with or as a partner in 15 of the top 30 markets.
This has involved a large market survey and exterssive research in those markets.
Western Union, along with dozens of other companies, is currently preparing
filings for other cities.

Based on the information from these sources, it was possible to estimate the
number of mobile phones in 1980, 1990 and 2000 (see Table 5-6). Using the
Western Union market analysis for Kansas City, the projected average number of
calls per day was three per phone. This number can be expected to rise over
time, but just slightly, (B) and this number times the number of phones gives the
number of calls pec business day (C). Applying the peaking factor (D) based on
Western Union's internal analysis, gives the number of calls during peak times
(E). Average holding time per conversation is currently around 2.5 minutes.
Using the results of the Chicago and Baltimore/Washington tests, this figure was
expected to rise to 6.4 minutes by 1990 and seven minutes by 2000, which was
much closer to the use of the average business telephone (F and G). Multiplying
again gives the nuinber of Erlangs (H). The ratio of phone calls between large
and small systems was made based on an internal estimate. The number of
systems was also p-ojected to grow (J). Multiplying the percent of traffic times
Erlangs gives Erlangs by large and small systems (K). Dividing by the number of
cities in each system gives the number of Erlangs per city (L). Ucing the "Trunk-
Loading Capacity --Full Availability Tables" and z service performance of .05

5-9
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TABLE 5-6
MOBILE RADIO TRAFFIC FORECAST

All Systems
1980 1990 2000

’ A. Phones 158K 1,600K 3,900K

B. Calls per phone 3 3.5 4

C. Total calls 474K 5,600K 15,600K

D. Percent peak hour 15% 15% 15%

E. Called during peak 71K 840K 2,340K

F. Holding time plus overhead 2.5 6.4 7.0

G. Holding time - .042 . 108 17

minutes per hour
H. Erlangs 2,986 90,720 273,780
Large Systems Other Systems
1980 1990 2000 1980 1990 2000

E- I. Percent of traffic 67 67 67 33 33 33
- J. Number of systems 30 40 50 100 125 150

K. Erlangs 2,001 60,782 183,433 985 29,938 90,347

L. Erlangs per city 66.7 1,520 3,669 9,85 240 602

M. Trunks needed per city 73 1,600 3,815 16 263 640

N. Total trunk 2,190 64,000 190,750 1,600 32,875 96,000
il O. Long distance 18 18 18 18 18 18
" P. Long distance trunks required 394 11,520 34,335 288 5,918 17,280

1980 1990 2000

1 Large 39 11,520 34,335
; { Small 288 5,918 _ 17,280
\ TOTAL 682 17,438 51,615
- Half-Voice Circuits 1,364 34,876 103,230
i 5-10
i




gives the number of duplex trunks needed to handle the traffic in each city (M)
Multiplying by the number of cities in the system gives the total number of
trunks required (N). Estimates of the percentage of long distance (i.e., message
toll) traffic ranged from 10 to 25 percent of total traffic; 18 percent was chosen
as a reasonable estimate (O). Multiplying the percent of long distance traffic by
the number of trunks required gives the number of long distance trunks required.

Table 5-6 gives the number of full duplex trunks needed for each type of system.
This number multiplied times two gives the number of half-voice circuits
required for 1980, 1990 and 2000.

5.2.4 Voice Store-And-Forward
Voice store-and-forward systems will become an integral part of bul .. s
telecommunications. Therefore, instead of determining the amount Re £

which it will eventually generate, it was decided to treat it as a market
determinant factor under voice applications affecting business message tele-
phone traffic.

3.2.5 Radio

In order to determine the baseline forecast for radio broadcast applications, each
of the five services (i.e., Public, Commercial and Religious, Occasional, CATV
Music and Recording Channel) were reviewed to determine their current and
future demand. This demand was expressed in terms of channels (see Table 5-7)
required to carry the service. This process included:

a. Determining what channels were currently using satellite trans-
mission.

b.  Determining the announced plans for new channels over the
next five years.

c. Projecting a growth rate based on the expected changes in each
service and making a judgement as to how many channels will
be required in 1990 and 2000.

5-11
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TABLE 5-7

RADIO TRAFFIC FORECAST
CHANNELS
| 1980  19% 2000
Public 8 30 33
Commercial and Religious 13 33 40
Occasional (weekend peak) 30 40 45
CATY Music 2 10 15
Recording 0 2 10
TOTAL 53 118 143 '
TRANSPONDERS
, 1980 1990 2000
| Public .267 1.000 1.100
E Commercial and Religious 433 1.100 1.330
. Oczasional (weekend peak) 1.000 1.330 1.500
: CATV Music .067 .333 .0.500
E Recording 0 167 .333
[ TOTAL 1.777  3.930  4.763
HALF VOICE CIRCUITS
1980 199 2000
Public 320.4 1800.0 2640.0
Commercial and Religious 519.6 1980.0 3192.0
Occasional (weekend peak) 1200.0 2394.0 3600.0
. CATV Music 80.4 599.4 1200.0
Recording _0 300.6 799.2
TOTAL 2120 7074 11431

5-12




Channels were then converted into transponders by considering such things as
using SCPC transmission and transmitting to 3 meter antennas across the nation.
To insure a high quality transmission under these conditions, Western Union
engineers estimated that 30 channels per transponder would be needed. In order
- to keep all voice transactions in half-voice circuits the number of transponders
required was multiplied by the number of half-voice circuits per transponder in
1980, 1990, and 2000 (see Table 5-7).

5.2.6 Summary of Voice Baseline Forecasts

Table 5-8 shows a summary of voice baseline forecasts in thousands of half-voice

circuits and the corresponding annual growth rates.

5.3 DATA BASELINE METHODOLOGIES AND FORECASTS

As discussed in Section 2, 17 services were classified as data services (see Table
5-1). Methodologies and forecasts are discussed below for the four groups of
these data services (i.e., terminal operaticns, electronic mail, record services,

and other terminal services).

5.3.1 Terminal Operations

The six services under Terminal Operations deal with general purpose terminals
and the transfer of data. Traffic projections for these services were based
primarily on the terminal population, and specific procedures included the
following steps:

a. Estimate the number of data entry terminals in 1980 and the
projected growth pattern for the years 1990 and 2000
5 b. Estimate the number of terminals being used for various ser-
vices
c. Estimate the average thruput of each terminal. This estimated

[ thruput is a function of the following:
; . Number of bits transmitted per character

2.  Average number of characters per second transmitted

3. Number of hours per year the terminal transmits.

5-13
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TABLE 5-8
VOICE BASELINE SUMMARY

FORECASTS (Thousa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>