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l.1 INTRODUCTION

This report presents the final results of "A Study of Canadian EHF
Communication Requirements and Technology Development”, performed for the

Spaée Planning Department, Department of Communications.

The initial goals of the study were:

i) to establish the projected requirements for an EHF satellite

system for Canada,

ii) to identify alternative technologies to EHF satellite

communications,

iii) to model an EHF communication system for Canada,

iv) to develop an EHF mission model,

V) to specify operational modes,

vi) to investigate the State-of=the=Art of EHF developments.

During the course of the study, in agreement with the scientific
authority, the activity undertaken in (iii), (iv) and (v) above were
reduced, while additional effort was undertaken in areas (1), (41), and
(vi). As a result of this shift in direction of, emphasis, the report has

ended with a format as is demonmstrated plctorially in Figure l.l-1l. As the

figure shows, the report is divided into five major sections:

1=2
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o Section 1, which containg the Introduction to the Report,

o Section 2, which addressed the Global state-of=-the-art
' developments in EHF technology.

° Section 3, in which suppliers or potential suppliers of EHF
equipment or components are identified and their capabilities

discussead.

Sections 2 and 3 present an overview of Global EHF advancements and
potentials and together provide the reader a preparation for the major
portion of the report, the Canadian.EHFfsurvey, comprising Sections 4 and 5

.as follows:

e  Section 4, which reports the findings, extensive anélysis and

market survey of the Canadian Communications Industry.

Chaptef 4.1.1 describes the Canadian Demographic Model to the
'jear 2000 upon which the market survey is predicted. Chapters
4.1.2 to 4.1.5 describe the Commercial market and Military and
Scientific Markets. Chapters 4.l.l through 4.1.5 collectively
" serve to establish the Demand Side of the Canadian .
Communications market equatioh. Chapters 4.2.1 through 4.2.3, _ 1
establish the Supply Side of the Canadian Communications market |
equation by respectively defining the Satellite capacity, the

Terrestrial Capacity and the potential for Fibre Optics Capacity

within Canada to the year 2000.

1-3
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Chapter 4.3, using the Demand and Supply predictions of
Chapters 4.1 and 4.2, .addresses the market potential for EHF
services within Canada. In thils chapter, the capacity for
Canadian Suppliers to meet Canadian and Global needs is also

covered.

° Section 5, in which a Mission Model for EHF is discussed.

The report, has been formatted according to the above division of
subject matter. Each section ends (where applicable) with a list of
references called up within the preceeding section. There are two
Appendices to the report, which are located after the text of the
Section 5.

Canadian Astronautics Limited wishes to thank the Department of

Communications for the opportunity to develop this report on the potential

umarkets, requirements and technology development of EHF systems.

1~4
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SECTION 2

GLOBAL EHF SYSTEMS SURVEY
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2.0 GLOBAL EHF SYSTEMS SURVEY

2.1 INTRODUCTION

The development of EHF satellite systems is éurveyed on a global
basis in this chapter. The studies done by other countries, their
technology development, delineated in the following chapter, are later used
as benchmarks in deriving a possible Canadian EHF mission model. An attempt
will be made here to uncover the driving forces for the commitment to use
EHF frequencies in these countries, and any problems that might have been
encountered in the development of their systems. One of the major
obstacles, of course, has been the lack of reasonably priced subsystems and
components that meets the required specifications. An assessment of the EHF
technology devélopment and the current "state-of-the—art”, with an aim to
identifying potential areas of opportunity for Canadian industry, is
deferred until the next chapter.

This survey of global systems is based mainly on a literature survey
of various technical journals and conference proceedings. Further telephone
contacts were made with various people in the respective administrations.

EHF or millimeter waves, with their advantages spelled out in later
chapters, have .been viewed as relatively new and developing technology with
many potential applicationé. But some of the attendant difficulties, such
as the cost required for technology development has kept millimeter waves,
as some believe it will always be, "just around the corner”. However, the
past five or six yéars have witnessed increasing levels of interest in the
development and use of the EHF spectrmm[ l-Zﬂ « . This active interest has
been spurred by the concern that the capacity of the lower frequency bands
(4/6 GHz, 12/14 GHz) and the geostationary orbit space might be used up in

- the not-too~distant future. Military considerations and specific purpose

applications have also accelerated this interest.

The major countries or administrations which are considering EHF
spectrum use are Italy, Japan, the USA and the European Space Agency (ESA).
No information is available on the Russian or Communist Block Countries'
activities, hence any possible EHF systems there are not addressed.

2~2
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- LAUNCH
PROJECT FREQUENCIES DATE
US ATS-V/V1 32/30, 20 GHz |1970 Experimental
LES 8/9 38/36 GHz 1976 Experimental Military
MILSTAR 44/20 1987/88 [Military
ACTS 30/20 1987/88 |Experimental
FLEETSAT VII 44/20 1988 Proto~operational
Military
JAPANESE ETS~-II(KIKU-2) |35/32 GHz 1977 Experimental
CS I ("SAKURA") [30/20 GHz 1977 Experimental
Cs II 30/20 GHz 1983 Communication
~ Commercial
ECS 34.5 GHz 1977 Experimental
ITALIAN ITALSAT 30/20 GHz 1987 Domestic Communication
' 50/40 GHz Propagation Expts.
SWEDISH "TRUCKSAT" 30/20 GHz 1986 30/20 GHz Techmnology
ON TELE-X SATELLITE Experiments
ESA'S LSAT 30/20 GHz 1986 Experimental
UK SKYNET 44/7 GHz 1986 Experimental Military
CANADA'S MSAT 44/22 GHz 1986 Experimental Military

Table 2.1 Global EHF Satellite Projects

2=3
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Some of the major existing and planned EHF satellite programs are
tabulated in Table 2.1. From this table it is apparent that most of the
satellites launched up to now, or currently planned, are of an experimental
nature. The table also illustrates the active role played by Military
satéllites, which normally acts as a catalyst in technology development in
many areas. The following section describes the existing millimeter wave
satellite systems, followed by a section describing the systems that are

planned in the near future (up to about 10 years from now).

2.2 PRESENT SYSTEMS

i

Perhaps the earliest satellites equipped with millimeter wave

capability were the American ATS-V and AIS-VI satellites. These satelliteé

served primarily the purpose of propégation experiments at various
frequencies. The ATS-V had an uplink of 32 GHz, and a 15 GHz beacon on-
board the'spacecraft as a source. On ATS-VI, in addition to a 4/6 GHz

payload, the spacecraft had on—board beacons, one at 20 GHz and the other at

30 GHz, for use in propagation experiments. The U.S. COMSTAR satellite had
two downlink beacons at 19 GHz and 29 GHz, respectively. All of these
satellites were used extensively by Ippolito of NASA and on NASA~sponsored

programs to amass data, aimed at a better understanding of EHF propagation

‘properties. The data were used as inputs to generate suitable propégation

models, including rain models [ 1] .

As a precursor to their interest in higher~frequency communication
satellites the Italians launched the Sirio experimental satellite in 1977.
This 18/12 GHz satellite was used mainly for propagation and communication

experiments.

The Japanese realized early the potential of using the relatively
narrow beams of EHF to:serve their geographically small couﬁtry. The
Ministry of Posts and Telecommunications (MOPT) has proceeded with the
program for millimeter wave satellite communications, in addition to other

lower~frequency pre~operational communication and broadcasting experimental

24
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satellites, since 1967. Their concerted effort in this area will make Japan

.the first country to utilize EHF satellites for communications.

2.2.1 THE JAPANESE SYSTEMS

The geographic and demographic. characteristics of Japan has prompted
MOPT to commit themselves to the use of satellite communications in the EHF
band. ‘Japan consists of a series of islands, which are highly mountainous,
forcing most of its large population to be concentrated in only 30% of the
country. Thus, a high population density is found especially on the Pacific
Metropolitan Belt, the industrialized western part of Japan. The result is
that there is a severe crowding of the various communication systems in this
area. The 4/6 GHz band is heavily used by terrestrial links, such that the
C-~band grouﬁd stations for satellite communicationé ére already experienﬁing
problems of- interference from the terrestrial systems. The 7/8 GHz band is
allocated for mobile satellite communications, including maritime and
aeronautical. The Ku band (12/14 GHz) is being used for satellite.
communications but has been assigned to broadcast satellites. (The Japanese
medium-scale Broadcast Satellite for Experimental Purpose, BSE, was launched
successfully on April 8, 1978.) The ever—increasing clamour for more
capacity could not, therefore, be satisfied by using C or Ku bands due to
interference problems. Attention was thén focused on the hitherto
unoccupied, hence interference-free, EHF band. Propagation considerations,
especially rainfall, has kept the frequency as low as possible within the
EHF band, i.e., 30/20 GHz was chosen for initial experiments. It is hoped
that the use of this band will remove the smaller islands' dependence on the

unreliable shortwave radio for contact with the main island.

2~5
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Besides the Ku-band Medium=Scale Broadcast Satellite for Experimental
Purpose (BSE or YURI), the Radio Research Laboratories (RRL) of MOPT has
three EHF programs: '

® The Medium Capacity Communication Satellite for Experimental
Purpose (CS), also named SAKURA.

) The Engineering Test Satellite Type II (ETS~II) [KIKU—q .
) The Experimental Communication Satellite (ECS).

The first satellite on the Japanese program was ETS-II, which was
launched on February 23, 1977, attaining its position in a geostationary
orbit at 130° E on March 5. This was the'first geosynchrbnous satellité
launched by the Japanese National Space Development Agency (NASDA), using
their N-launch vehicle, from Tanegashima Space Centre. The main purpose of
ETS~II was to acquire the experience of launching geostationary saﬁellites
using the N-launch vehicle. The RRL/MOPT conducted EHF propagation
experiments, using a 34.5 GHz beacon on~board ETS~II, to study the viability
of EHF Satellite Communications. Two other beacons at 1.7 GHz and 11.5 GHz

were also provided.

A 28 cm parabolic antenna made of graphite epoxy with-an.aluminiuﬁ
surface was used for experiments at 34.5 GHz. The propagation experiment
transmitter consisted of a 17.76 MHz crystal oscillator, multiplied to get
34.52626 GHz. In additionm, this carrier could, by means of a ground

command, be 100% amplitude modulated by a 300 Hz rectangular wave.

The main feature of the ground station was a modified Cassegrain 10 m
diameter antenna with a four reflector beam—guide feed. An rms surface
roughness of about 0.25 mm (0.0098 in.) was obtained at 45° elevation, with
4 measured gain of 69.7 dB at 34.5 GHz. A tracking capability of 1/10 of
the antenna beamwidth (0.05°) was reported. The receiver has a direct
downconverter to 1.7 GHz, located right under the antenna feed to minimize

losses. ETS-~1I obtained valuable propagation data under various weather

N\
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conditions; up to 7000 h of test time data was recorded. Rain margins of 4
dB and 19.5 dB were found necessary to assure 99% and 99.97 link
reliability, respectively, at 34.5 GHz [ 9 .

The ECS satellites are exéerimental in nature, and are designed to
develop the necessary technology and data acquisition techniques necessary
for the establishment of satellite communications using EHF. The
transponders were designed and developed by RRL/MOPT and the Nippon
Telegraph and Telephone Public Corporation (NTT). RRL and NIT were to work
in cooperation with Kokusai Denshin Denwa Co. Ltd.'(KDD) to carry out
experiments with ECS. The initial launch was scheduled for 1979 using
NASDA's N-launch vehicle. Another was rescheduled for 1980. Both launches
of ECS (ECS I and II) failed.

ECS had a dual K/C band of frequencies; 35 GHz and 6 GHz for uplinks,
and 32 GHz and 4 GHz for downlinks. The K-band centre~fed parabolic
reflector antenna used a honeycomb construction with graphite<~fibre
reinforced plastic (GFRP) face skins over aluminium for thermal stability.
The gain was 33 dB at 35 GHz and 32 dB at 32 GHz. The satellite G/T was
~4.8 dB/K and the EIRP was 64.5 dBm. Two K-band earth stations were built:
a main station with a 10 m antenna and 120.5 dBm EIRP and a substation with
a 7 m antenna and 117.5 dBm EIRP. The 10 m C-~band earth station had an EIRP
of 106.5 dBm and a G/T of 29.2 dB/K. |

The K~ and C~band transponders used a common IF so that they can be
cross—-strapped, by command, to give any of the fpur operational modes. IF
bandwidths of 10 MHz, 40 MHz and 120 MHz were selectable by ground command.
One of the ECS experiments was to study site diversity for satellite
communications. The main ground station was accompanied by a substation
about 50 km away connected with a terrestrial wideband communication link.
Each of these had a 10 m diameter modified Cassegrain antenna, as in ETS~II.
Helium gas cooled low noise parametric amplifiers with 165 K noise
temperature at 32 GHz were used, for a total G/T of about 42.7 dB/K. FDM/FM
and 64 kb/s QPSK SCPC communication test equipment were being used.

2~7
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The Japanese Medium Capacity Communication Satellite (CS) [ sakura]
was launched on December 15, 1977, and placed on a geostationary orbit at
135° E. CS (Sakura) was the world's first EHF (30/20 GHz) experimental
communication satellite system and was designed to provide experience with
operation of an EHF communication. satellite. ‘The commercial version CS-2 is
scheduled for launch in 1983.. Further, it was designed to acquire
additional propagation data to supplement those from ETS~II.

The CS satellite is spin stabilized and has 8 transponders; two at G~
band (4/6 GHz) and six at K-~band (30/20 GHz) and has mechanically despun
antennas. Each transponder has 200 MHz bandwidths with output powers of 34
dBm for K=band channels and 35 dBm for the C-band channels. One of the K-
band transponders was built by NIT. The K~band antenna is a 33 dB gain
antenna, shaped to have a patfern covering the Japanese mainland. The

antenna was-supplied by Mitsubishi Electric Corporation of Japan.

A variety of earth stations ranging in size, from small stations with
2 m antennas to the main stations with 13 m antennas, were involved in
testing a realistic operational configuration. The earth stations and the
various experiments carried out are listed in Table 2.2, reprinted from Ref.

26. Typical parameters‘of a small K-band earth station are as follows:

™ Frequency 30/20 GHz

° G/T 21.3 dB/K

o EIRP 56.3 dBW

) Transmission FM=SCPC *
A MOD .~PSK.SCPC

® Antenna Cassegrain 2 m
Gain 53.3/50.3 dBi

° HPA IMPATIT
2 W output power

o LNA ' FET

750 K noise temperature

The large earth station has a 500 W K~band transmitter and is
equipped with a helium~cooled parametric amplifier with a noise temperature
of 50 K at the receiver front end. '

2-8
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STATTION ANTENNA Experiments LOCATION ORGAN

Main Fixed 13 m(K~band) Telephone (FIM, TOMA) Kashima RRL
Earth Station 10 o(C~band)  |Television (FM, PO¥=PSK) (Ibaraki)

SCPC

SSRA (Spread Spectrum Random Access)

Propagation

Satellite operation and control
Yokosuka 11.5 m(K~band) |Telephone (FIM, TIMA) Yokosuka YECL
Fixed Earth 12.8 m(C~band) jTelevision (FM, TIMA) ‘
Station CPFSK*

Propagation

Satellite operation and control )
Sendai 11.5 m(K~band) |Telephone (FIM, TIMA) Sendai YECL
Fixed Earth (Offset Television (FM)
Station Cassegrain) Propagation
Transportable 11.5 m(C~bard) {Telephone (TIMA) Hachi jo YECL
Earth Station Television (TDMA) Island
SCPC Earth 2 m(K~band) Telephone (SCPC) Yamagawa [RRL
Terminal Propagation (Kagoshima)
Field Strength 2 m(K=band) Propagation Wakkanai  |RRL
Measuring Terminal
Small Transportable{2.7 m(X=band) |Telephone (FIM) YECL
Earth Station Vechile-mounted .
Small Transportable|3 m(C-band) Telephone (FIM) or Television (FM) YECL
Earth Station Vehicle-mounted
Field Strength 3 m(K-band) Propagation Sugita YECL
Measuring Terminal (Yokohama)

* CPFSK = Continuous Phase Frequency Shift Keying

Table 2.2

Earth Stations of CS Program

2=~9
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2.2.2 THE LES 8/9 SATELLITES

The Lincoln Experimental Satellites (LES) are a series of satellites
designed to demomnstrate various critical technologies, notably for the
military. LES-8/9 is a basic modification of the LES~7 spacecraft but has
communication payloads in the K-band (38/36 GHz), in addition to the
military UHF band. Full-scale operation of advanced technologies for
strategic communications links has been demonstrated. The operation of éhe
63 system with jam—resistanée and a certain measure of survivabiiity was of
prime concern. Low data rate links joining command posts and force
elements, and moderate data rate links used among command posts were

successfully demonstrated. Most of the command posts were also mobile.

The LES-~8/9 éonsists of fwo sateliites launched on the same launcher
in March 1976. The unique feature of these spacecraft is the use of
radioisotope thermoelectric generators (RTGs) instead of solar arrays. The
satellites are in a quasi~circular orbit, with an inclination of
approximately 25°, such that the subsatellite points traced a figure 8
daily. LES 8 was placed over the Pacific Ocean, while LES 9 was placed over
North America. The two satellites are linked by a K-band intersatellite
link. The satellites are stabilized to +0.1° around the pitch and roll.
axes, and +0.6° around the yaw axis. Among the various .antennas on~board
are an 18~-inch K<band dish with a movable planar reflecting plate for beam
steering, and a square~aperture pyramidal horn with 9.5° beamwidth for up
and downlinks. The dish is used for crosslinking>between the two spacecraft
but the reflecting plate can be used to steer tle beam towards the earth,
should the need for a high gain uplink arise. The gain for the dish was
42.6 dBi to the 24.4 dBi of the horn. A transmit power of 0.5W is available
for both the crosslink and the downlink. The spacecraft are equipped with
full signal-processing capability, such that the UHF and EHF links can be

crogss=coupled. All solid-state electronics were used.

2~10
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2.3 PLANNED SYSTEMS
Although'there are several planned military systems which are
expected to utilize EHF, our emphasis here shall be mainly on communication

systems.

2.3.1 The Japanese EHF Development Plans

The Communications Satellite for Experimental Purpose (Sakura) was a
success, exceeding its design life of 3 years. As a follow—-on to this,
Japan will launch the world's first commercial EHF communication satellite
in 1983. This program, designated CS~2, will have two satell}tes, CS=2a and

CS~2b, both launched into a geostationary orbit by NASDA's N~-rocket from

Tanegashima Space Centre. CS-2a will be plééed at 130° E longitude and cs~
2b at 135° E.

The transponder will be very similar to CS-l, with 2 C<band channels
and 6 K-band (30/20 GHz) channels. The K-band channels each have 130 MHz
bandwidth. The full transponder -was designed by NEC of Japan. An one meter
diameter antenna with 35 dB gain shaped to cover the main island was built
by Mitsubishi Electric Corporation. The satellite G/T will be <5 dBi/K at
the edge of coverage. The ground station incorporates a 2 kW RF power
output HPA. The system will use a mix of SCPC-FDMA and TDMA at 60 Mb/s.

Besides the operational CS~2, Japan will continue on its experimental
satellites ECS-~II to test out various advanced satellite system concepts.
For example, experiments are already under way for a K~band Satellite-~
Switched TDMA (SS=TDMA) [ 2] .

The major problem encountered in the Japanese program was that
related to severe rain attenuation. The SCPC transmitter system presented
some problemé due to the high RF frequency and the relatively low
information rate; designing a band shaping filter with a time-bandwidth
product, BT =.l was quite a challenge.
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2.3.2 The U.S. EHF Systems

NASA let out several contracts in the late 1970's to perform a
thorough market study on telecommunication traffic potential, including
voice, video and data for the time period of 1980-2000. Further, an
estimate was made of the satellite communication market capture. Although
there were differences in the actual numbers estimated by the different
companies; e.g. Western Union [10a] and ITT [10b], the studies all concluded
that the satellite traffic demand will exceed the capacity of the C and Ku
bands sometime in the 1990's, and higher frequencies will have to be
resorted to. S. Fordyce of NASA estimates that, by the year 2000, there
will be a demand of 2700 equivalent 36 MHz transponders (27). By reducing
C-band satellite separation to 3° and applying the Ku band fully, the
domestic satellite capacity is expected to be somewhere around 1200
equivalent 36 MHz transponders. The remaining 1500 may be provided by the
use of 30/20 GHz satellites, with the advantage of 2.5 GHz of available

spectrum for commercial use.

In the light of this, NASA has been conducting several conceptual
studies for a Ka—-band satellite system, capable of interconneeting large
metropolitan areas, which genefate significant volumes of interc¢ity message
and data traffic. Several programs are under ﬁay, aimed at developing the
technology.necessary for a wideband communication satellite operating near
30/20 GHz. Such technologies include: techniques for spectrum conservation
through multiple frequency reuse; consideration of paraboloid reflectors,
lens antennas, or phased arrays, to generate multiple narrow beams; solid-
state satellite transmitters and low-noise amplifiers; on—board switching
and signal processing; and satellite compatibility with earth stations of

moderate size and cost.

An Advanced Communications Technology Satellite (ACTS) is currently
planned for launch somewhere around 1987-88 to verify the critical
technologies. All proof-of-concept tests, for the various subsystems

contracted to over 20 U.S. companies, are expected to be completed by 1983.
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The ACTS satellite covers the continental U.S. and may also provide
coverage of Alaska and Hawaii. Both fixed and scanning beams are planned,
with each beam being about 0.3° beamwidth or covering a spot about 115 miles
across. The spatial isolation of the beams allows frequency reuse,
achieving an expected throughput of 150,000 equivalent voice circuits. Two
types of service are provided: trunking service using fixed beams, and
Customer Premise Service using relatively inexpensive earth stations, served

by both the fixed beam and scanning beams.

The satellite message switching planned for this mission will allow
interconnectivity without the usual ground based distribution network, and
hence, can result in system savings. A Master Control Terminal will handle

!
all scheduling, message switching, etc.

Means to combat the expected rain outage for the trunking terminals
include transmission rate reduction, site diversity with antennas, at least
10 km apart, and brute~force methods, such as automatic power augmentation
of the signal. For the CPS, burst rate reductioﬁ and forward error

correction (FEC) codes may be used.

A typical scenario considered by NASA has 40 spot beams; 18 fixed
ones with a total traffic of 6 Gb/s, and 22 scanning beams for CPS. The
total CPS traffic in fixed and scanning beams is about 4 Gb/s.

The spacecraft antenna would be an offset~fed reflector using folded
optics. The feedhorn assembly consists of a bank of switches, power
dividers and phase shifters used to form the various beams. An on~board
microprocessof controls the switches, power dividers and phase shifters to
provide the scanning beams. Two types of on-board switching are being
considered. One 1s IF switching, at 3-8 GHz, using an nxn microwave switch
matrix (MSM) controlled by a MSM qgntroller.; The other is a baseband
prbcéssor and switch for use with the CPS traffic. This réquires complete
demodulation and remodulation of data. The design life of the spacecraft
is 10 years, which places severe reliability constraints on all on~board
components, including TWTs, GaAs FET's or IMPATT's. Further, the low-noise
specification for 5 dB noise figure is expected to be quite a challenge.
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Apart from the ACTS satellite the U.S.'s activity in the EHF is
mainly for military application. The planned Navy's FLTSATCOM has an EHF
("Applique Package”) operating in 43=45 GHz band for secure anti-jam '
application. Both TACSATCOM iI and DSCS-III-U, which will be launched in
the 1990's, will make use of EHF packages, among others, and the Air Force's

Milstar will use EHF for 03 strategic force modernization.

2.3.3 THE ITALIAN SYSTEM

Italy has committed itself to the use of 30/20 GHz systems.
Estimates made in 1979 predicted a satellite traffic of about 150,000 voice
channels by the year 2000 [20]. Assumptions made in this forecast were that
one sixth of the‘traffic pertaining to links shorter than 500 km, and one—
third of traffic from links in excess of 500 km, would be sent via
satellite. Thus, a total satellite bandwidth of 4.2 GHz would be required
with Digital Speech Interpolation. Hence, frequency reuse is indicated.
According to G. Perrotta of Selenia, data is at its inception in Italy and no
reliable forecasts exist. Very preliminary studies for HDIV points to about

5 channels. Also 3«6 video conferencing channels may be expected.

An EHF preoperational domestic communication satellite is now planned
for launch in 1987. Phase B contracts totalling $17.8 million were awarded
to Italian manufacturers, with Campagnia Nazionale Satelliti (CNS) as the
prime contractor, and Selenia making the communication payload.

The satellite, ITALSAT, will have a capacity of 50,000 2-way
simultaﬁeous voice circuits operating at 30/20 GHz, which will also be used
for emergency communication during natural disasters. Use of 20 and 44 GHz
bands is also being preliminarily considered for military use. The satellite
also carries a 50/40 GHz payload with alw output power designed for
pfopagation experiments. A 3{3° circular beam covering most of Western
Europe is required. For the 30/20 GHz, two 1.95 m multibeam antennas with
three spot beams each for a total of six spots (each 0.4° wide) are base-~
lined, as well as an Italy coverage beam for point-~to~multipoint

communication. The satellite is however, equipped with three redundant
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transponders with 250 MHz channel bandwidth, and on-board processing,
including demodulation regeneratien and remodulation, to allow on~board speed
conversion and baseband switching. A satellite switched TDMA (SS-TDMA) type
of operation at 120 Mb/s QPSK continuous mode with one ground terminal per
transponder is envisaged. However, there is one optional 360 Mb/s.
regenerative transponder. The system is used purely for high density nonw
hierarchical point-to~point communication, i.e., between compartment

centres. An operational system is expected in 1992.
2.3.4 EUROPEAN AND OTHER SYSTEMS

The European Space Agency (ESA) has been planning the launch of the
Large-capacity Satellite (L<SAT), now scheduled for launch in 1986. This is
an experimental sateiiite carriing a hybfid payloéd at 12/14 GHz and 30/20
GHz. The_30/20 GHz transponder will permit experiments with this new band,
which is believed will be widely used by the 1990's. Planned missions
include inter~university teleconferencing and tele-education; general
teleconferencing services, interciﬁy telephone links; broadband links for
real-time, very~long~baseline radio astronomy interferometry; and second-
generation specialized services systems. Two independently-steerable
transmit/receive spot-beam antennas with 0.6° beamwidths are planned on-
board. For narrowband transmission experiments, a small earth terminal with

a 2.5 m diameter antenna and 200 W transmitted RF power will be used [28].

The Swedish Space Corporation has plans to conduct experiments using
30/20 GHz technology and mobile communications (¥Trucksat") on Sweden's
Tele=X satellite, which is scheduled for launch in 1986. However, the
future of this trial is not certain due to shortage of funds, and depends on

possible financing by the U.K. and France who have expressed interest.

In addition to these communication experiments, military use of EHF

Tin Europe may materialize in the 1990's. The U.K. will be launching an-

experimental military satellite (SKYNET), in 1986 using 44 GHz in the uplink
and 7 GHz in the downlink.
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INTELSAT is planning on using 33/23 GHz intersatellite links (ISL),
since satellite~to-satellite link transmission requires no fade margin (the
only problem might be occasional sun outages). Some development of
equipment has already started under various contracté.» These include a
Hughes 10 W TWTA at 23 and 33 GHz, GE's wideband FM modem, frequency
converters, and IF amplifiers by NEC, and 2-3 dB ﬁoise'figure FET‘by
Plessey.

2.3.5 TERRESTRIAL SYSTEMS

A few terrestrial communication links have been developed at the EHF
band, both in Europe and the U.S. For example, Plessey in the U.K. was
experimenting with short-range 60 GHz ;inks as early as 1978. No;den of the
U.S. devéioped 5 EHF radios operating at 36-38.6 GHz and 60 GHz band. Some
of these are hand~held radios with full duplex voice capability up to 40 km
and half duplex video or data transmission up to 13 km. AIL has also _
developed 60-70 GHz tranceivers tunable through the absorption band, which
will provide transmission of FM signals containing voice, dgta and video in
a full-duplex operation, where warranted. The transmitter power is 100 mW
and the antenna beamwidth 5°. Japan's EHF terrestrial facilities include an
18 GHz 274 Mb/s QPSK digital radio system with a channel capacity of 4032,

< a 400 Mb/s QPSK system at 20 GHz using an all-solid-state repeater system,

and repeaters spaced at 3 km is also operational. Further, by 1978, NTT and
Fujitsu had developed a guided millimeter wave line system for 800 Mb/s in
the 40~80 GHz range.
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2.4 GLOBAL TECHNOLOGY DEVELOPMENT PROGRAMS

In the past, there have not been any significant millimeter~-wave
developments, largely due to the difficulty of developing a new technology
and the concomitant cost. Compahies felt that a viable market did not exist
to justify investment in the technology and the potential system developers
did not plan millimeter wave systems because no components were available.
In some cases, system developers had to build their own major components.
However, the military’'s and communications' push into the millimeter waves
have resulted in technology development programs on a larger scale. The
biggest developmerit program is perhaps that of the US Department of Defense
(DODf, one to develop technology and components suitable for MILSATCOM at
EHF. DOD has funded many companies to develop TWIs and other sources,
receiveré, flight hardware, etc. Ail theée have, however, beén directed
solely to U.S. companies. NASA has a similar program on the ACTS, whereby
they have awarded contracts to several companies to develop techniques and
components for EHF SATCOM.

The Japanese are quickly acquiring the expertise to the point where
all their satellites would be built exclusively by Japanese companies. For
example, the CS=2 transponder is wholly NIT built. Likewise, all the
contracts on ITALSAT has been awarded to Italian companies, although a fair

amount of subcontracting is expected.

A few companies have carried on their own in-house development
programs to acquire marketable capabilities. Among these are Siemens,
Hughes, AIL, Microwave Assoclates, AEL,'Thomson~CSF, Raytheon and Watkins~
Johnson. As more companies are convinced that millimeter waves have finally
come of age and that the market exists, there will be more and more
development programs with the eventual proliferation of components and

lowering of costs.
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3.0 COMPONENTS AND SUBSYSTEM SUPPLIERS SUMMARY
3.1 INTRODUCTION

One of the objectives of this study is to survey the current state of
technology available for EHF frequencies and identify the technologies
critical to the implementation of an EHF satellite communication system.

The technology assessment methodology starts with existing satellite
communication architectures and studies, and identifies the major subsystems
and the required performance characteristics. An examination of the
technology base determined from operational systems, current research ahd
development programs of manufacturers, and projections of future
development, leads us to identify critical areas of technolbgy development.
An extensive literature survey of conference proceedings, trade journals and
manufactu;er advertisements, etc., was conducted and augmented by telephone

conversations with various manufacturers.

The assessment in this survey is limited to communication systems.
However; it should be mentioned that technology for remote sensing
radiometry, radio astronomy, and microwave interferometry, seems to be quite
mature, since it has preceded communications. Advances have also been made
in other areas such as radar and military ECM, ECCM and ESM. All these
areas share similar state~of-the—-art technology and considerable technology

borrowing may occur.
3.2 EHF TECHNOLOGY .

Since we are considering communications systems only, the major
problem becomes one of the fade margin required during inclement weather,
especially rain. Since these margins increase with frequency,
communications systems would operate in the lowest band available in the EHF
spectrum, which is 30/20 GHz. Components at 45 GHz shall be considered,
where necessary, mainly because most military systems tend to use this band,
and 60 GHz will be assessed for intersatellite link (ISL) applications. (It
should be noted, however, that INTELSAT is planning on using 23/33 GHz
ISL's.)
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3.2.1 APPLICABLE SUBSYSTEMS AND COMPONENTS

A simplified block diagram of a satellite communication system is
depicted in Figure 3.2-l. This diagram shows the major subsystems required.

The baseband processor, which may include frequency hopping, etec., and the

‘modem and codec are mot considered in the assessment as they are similar to

those used with lower frequency satellite systems, i.e., they are not RF
frequency dependent. It may be mentioned,'though, that with increased
available bandwidth-at EHF, higher bit rates may be transmitted requiring
higher-speed modems than currently available. The switching matrix shown
may include processing as in the case of a regemerative system. The

subsystems can be classified into the following three types:

1) RF subsystems,
2) -Antennas, and
3) On~board switching and processing.

Each of these subsystems is treated in a separate subsection.

In addition to these major subsystems, other miscellaneous components
should be considered. These include filters, coaxial connectors waveguide
components such as hybrids, twists, bends, rotary joints, circulators, and
ferrite products. A careful look at numerous manufacturers' catalogs
indicates that these are generally available up to about 40 GHz. Beyond 40
GHz, the number of suppliers decreases. Alpha Industries, Variamn, TRW and
Hughes Aircraft Co., among others, manufacture active and passive devices at
frequencies above 40 GHz [ 1,2] .

An important comsideration in a study of this nature has to be the
necessary test equipment. These include spectrum analysers, network
analysers, frequency meters, power meters, sweep generators, phase shifters,
and attenuators; Test equipment is prolific up to 18 GHz but beyond that
only a few suppliers are available up to 26 GHz. Some of this 1is direct
operating but some is by frequency extension using peripheral equipment,

e.g., downconverting to below the 18 GHz range. Suppliers include Hewlett
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Packard, Hughes, Polarad, Tektronix, Systron Donner, Wiltron and Watkins
Johnson. Hughes (their 1983 Catalog[ q ) is the most notablelsupplier of
test equipment above 26 GHz extending all the way to the W~band (75-=110
GHz), mainly because they are heavily involved in millimeter-wave research

and developument.
3.2.2 TECHNOLOGY FACTOR

Three technology related considerations have to be made in assessing

ﬁhe various components. The first is the frequency dependence of most

.subsystems. Most components have performance which decreases as the

frequency increases. The low n?ise amplifiers have a temperature which is
frequency dependent, varying as the square root of frequency for mixers and
f3/2 for parametric amplifiers, where f is the operating RF frequency. The
high power amplifiers (HPA's) have powers (P) which generally obey the
relationship Pf2 = constant; in the solid-state amplifier the active region
is proportionél to the square of the wave length Q_z), whereas the electron
beam area of a TWT is proportional toA_z. Further frequency dependence
appears in attenuation. For a rectangular waveguide, the loss in dB, varies
as f3/2for constant length, and varies as the square root of frequency, if
dimensions are scaled with the wavelength. The rain attenuation is
approximately proportiomal to the square of frequency (fz).

! Frequency limitation occurs for FETs and helix TWTs. The low-noise
FET amplifier is frequency limited to about 30 GHz in the near term and with
low-cost MIC fabrication in the far term this litit may be extended to 40
GHz. The power FET has similar limits of 30 GHz and 40 GHz in the near and
far terms for reproducible cost~effective devices, while the high power

slow~wave helix TWT is limited to 40 GHz.
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Certain implementation factors have also to be taken into account.
Increase in frequency requires tighter tolerances making fabrication more
difficult, and hence, a lower yield. The gain, efficiency and output power
are reduced, due to losses in the active devices. To get a given power from

~a TWT with increasing frequemcy would require a higher operating voltage and

more difficult beam focussing and thermal design, such that one might have
to change from air to liquid cooling or from periodic permanent magnet (PPM)
focussing to electromagnetic focussing which is heavier and consumes lots of
power. For solid-state devices, parasitic effects worsen with increasing
frequency. Increasing frequency requires better antenma surface tolerances
and tracking accuracy if the antenna dimensions are kept comstant, and may

‘lead to more complex tracking systems. For optimum performance, higher

frequency antennas may require radomes for protection against the weather.
The most logical ‘use of the EHF band is for high data rate communications
from point-to-point, i.e. between major cities. This requires smaller beam
widths, large antennas, in terms of wavelengths, and therefore more accurate
pointing and tracking.

3.3 RF SUBSYSTEMS
3.3.1 LOW<NOISE RECEIVERS

The satellite receiver is a crucial element in the performance of the
system. The noise figure (NF) of the low-noise receiver impacts the earth
station transmitter and antenma. A lowering of the noise alleviates the
demand on transmitted power and antenna size. A few dB decrease in the
satellite receiver NF will mean lower demands om the receiving earth station
and can result in significant system dollar savings, since there would be a
large number of earth stations. The overall bandwidth of the receiver is
also an important comsideration. A factor to be borme in mind while
considering low~noise receivers is the relative importance of its noise
compared to other sources. For the satellite receiver, the antenna sees the
noise temperature of the warm earth, i.e., 290 K. This in itself is a noise
figure of 3 dB and obviates the need to reduce receiver temperatures
drastically. The sky noise temperature of EHF ground terminals varies
according to the elevation angle and rain conditions, ranging from about
20 K for 90 degree elevation angle at 20 GHz to a maximum of 275 K during
heavy raian. Thus there would be no need for ground terminal receivers with
noise temperatures below around 150 K as they would not significantly
improve system noise performance.
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The design goals for NASA's Advanced Communication Technology
Satellite (ACTS) [30] for example.are:

e NF 5 dB

™ RF amplifier gain 20 dB

® IF 3-8 GHz

o Operating bandwidth 27.5=-30 GHz

Three types of lOanoise receiver systems are available: low—-noise
mixer/IF transistor amplifier combination, parametric amplifier which may be

cooled or uncooled, and low-noise amplifier with a FET preamplifier.

The broadband mixer/IF amplifier combination is probably the simplest
recelver form. A critical factor here is the mixer conversion loss since
the overall noise figure is a product of the conversion loss and the IF
amplifierAnoise figure. Values of about 2=3 dB conversion loss are
possible, and by using GaAs MESFETs as the IF amplifiers, NF's of about 1 dB
at 4 GHz are obtainable. Broadband mixers/IF amplifier combinations with
about 2 GHz IF are currently available with noise figures of about 5 dB and
7 dB for 30 GHz and 44 GHz respectively. With image~enhanced mixers, noise
figures of 4 dB and 5.5 dB are available. Further reduction in NF would
require cooled parametric amplifiers (paramps) for the IF with the

concomitant increase in cost.

Parametric amplifiers may be used for ground terminals. The ‘
operating temperature dictates the nolse temperajure obtainable. Uncooled
paramps (temperature = 313 K) can achieve noise figures of 3.5 dB at 30 GHz
and 4.5 dB at 44 GHz. Improvements to 2 dB and 3.5 dB respectively are
expected in the near future. An example, listed in Table 3.1 along with
other low-noise receivers, is the LNR 37 GHz receiver composed of a paramp
followed by a mixer and IF amplifier (paraconverter) with a noise figure of
4 dB. Lower noise figures are obtainable by use of thermo electrically-
cooled and cryogenically~cooled paramps. Thermoelectrically-cooled paramps
can achieve noise figures of close to 2 dB at 30 GHz and 3 dB at 44 GHz.
Cryogenically-cooled paramps can achieve noise figures around 1 dB, but such

low noise figures are are not needed as mentioned earlier.
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FET's offer lower noise temperatures, -and with their solid-state MIC
fabrication techniques they can be low cost and more reliable. Also with
solid devices, there is a potential of integration. (For example in R&D
labs, the entire receiver front end-RF amplifier, mixer, and oscillator -
has been integrated on a single piece of gallium arsenide. NF's of 3.0 dB
or lower are currently available at 18 GHz. At 30 GHz, Hughes has a 6 dB
noise figure FET amplifier with 6 dB gain using a 0.5 :m gate length.

Table 3.1 indicates that activity in FET amplifiers, especially GaAs FEIs,
is picking up. A lot of effort is concentrated on reducing the gate length
to 0.25ym or less. A GaAs FET with a noise figure of 5 dB at 30 GHz is now
available from Avantek. Estimated GaAs FET optimized performance would
yield a NF of 1.5 dB at 20 GHz and 2.3 dB at 30 GHz [ 3.

The critical elements for receiver development will be the production
of reliable and reproducible 4 GHz GaAs FET IF amplifier, and the 30 GHz
GaAs FETs for the RF amplifiers. Development of mixer devices with enhanced
image response characteristics will also be a challenge. It should be noted
that the noise figure of 5 dB is quite demanding and its achievement will
require critical technology.

3.3.2 TRANSMITTERS

In both the uplink and downlink, it is desirable to maximize the EIRP
which depends on RF transmitter power and the antenna gain. Since the
satellite antemna gain is limited by other considerations such as coverage
area, the RF power amplifier must have as much power as possible. In the
uplink, we want to maximize transmitted power in order to achieve a suitable
signal—-to~noise ratio at the satellite. It is apparent, therefore, that the
high power amplifier would probably be the most costly and critical
subsystem. The power achievable depends on the gain, efficiency, mass and
reliability of the particular amplifier, which 4in turn depend on the type of
devices (thermionic or solid—state) and technology used. Efforts to achieve
extremely high powers (peak as well as CW) have continued. For example, in
the 1970s, Russian researchers at Gorki State University developed ejection
cyclotron maser tubes (gyromontron oscillators with quasi—~CW powers of up to
60 k W), and Varian has claimed 200 kW at 289 Hz using gyroklystron
oscillators [ 4] .

For most satellite communication transmitters, three types of
amplifiers can be used: the travelling—wave tube (TWT), IMPATT diodes and
GaAs FETs. These are considered next. Klystron amplifiers will be
considered as well, but in lesser detail.

3-8



.

EHF FINAL REPORT

Table 3.1 Receiver Suppliers

MANUFACTURER |FREQUENCY (GHz)|GAIN (dB) NOISE FIGURE (dB)
Harris Corp. 20 26 5 Goal MESFET LNA
(4 stages)
Rockwell Int'l 20 AMP, D/C
GIE Telecom 30 o 35 4.6 PARAMP PREAMP
(Italy)
mr 30 /44 06 3.8 GaASFET LNA
' (RF-t o-1IF)
LNR 37 4 (440 K) Paraconverter
29 6.9 3.7
Hughes 30 6 6 FET AMP
38 7 5.5 0.25 um gate MESFET
Plessey , 23/33 2-3 FET for INTELSAT's ISL
27 5 3.6 0.3 um gate MESFET
Toshiba 30 5 . & GaAs MESFET (4u GATE)
29 10 7.5 GaAs FET
NEC 32 30 Cryogenically Cooled
. 1.4 Paramp
COMTECH Labs 20 3 Paramp
AIL 36 3.8 Paramp ~ Experimental
Fujitsu 30 4.5 Paramp - Experimental
3-9
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3.3.2.1 TWT Amplifiers

Travelling~wave tubes are thermionic devices which have typically
wide bandwidths and are capable of operation over the entire downlink band.
The& provide sufficient power for one TWT to be used for each downlink beam.
IWTs are capable of multiple power levels which facilitates efficient and
adaptive power budgeting and control. They also claim an adequate
efficiency, such that one amplifier can be used to amplify more than one
channel at a time.

An example of state-of-the—-art requirements is NASA's design goal
which calls for a 10 year life TWT with an efficiency of 35-40% capable of
operation in a multi~power mode from 7.5 W to 75 W RF power output and
operation over a bandwidth of 3.5 GHz. The critical elements in the TWT
development of this type are the low-loss helix structure, the design of
electron~beam focussing components and reduction of signal distortion. Such
a high power operation mode at 20 GHz for 10 years is unprecedented and the
reliability will be a critical issue.

A survey of manufacturers of ground segment TWTA's showed about half
a dozen manufacturers capable of EHF TWT tube production. These are listed
in Table 3.2. For higher powers, coupled~cavity TWI's as opposed to helix~
types are used. The efficiencies showrn are for the TWT tube only.
Considerable effort 1s being expended by various éompanies to improve TWT
cost, performance and producibility. These include "diamond turning”
techniques and "ferruleless" circuits by Hughes, the "folded waveguide"
concept of Raytheon, the "Helix In Guide Hybrid (Hightron)" of Litton, and
Varian's "Comb~Quad” and "Tunneladder” [ 5] . By .ncorporating depressed
collectors, the efficiency of a TWT is increased. The problem of heat
removal from the helix tends to limit available power of a PPM focussed
helix tube. Higher powers, may call for PM focussing to enable liquid
cooling to be applied to the tube body. 1In Table 3-2, the focussing is done
by PPM except where exception is noted. Powers in the order of a few
kilowatts will be available in the far term.

3-10
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Table 3.2 EHF Ground Segment TWT Suppliers

MANUFACTURER FREQUENCY OUTPUT POWER |EFFICIENCY |GAIN BANDWIDTH
(GHz) (W) (%) (dB) (GHz)
HUGHES 30 200 25 36 1.0 Liquid Cooled
Air Cooled
37.4 100 25 45 2.0 Air Cooled
44 250 25 50 2.0 Liquid Cooled
Air Cooled
SIEMENS 30 1200 25 43 2.0 Liquid Cooled
37.4 1000 25 41 1.5 Liquid Cooled
44 500 24 43 2.0 Liquid Cooled
44 150 27 40 2.0 Air Cooled
TOSHIBA 30 400 - 16 41 1.0 Air Cooled
(Solenoid focused)
NEC 29 27 20 40 2.0 Conduction Cooling
30 700 . 42 2.5 Forced Air Cooled.
(Solenoid focused)
35 600 45 2:5 Forced Air Cooled.
(Solenoid focused)
VARIAN 35 30 kW(peak) 20 35 Coupled Cavity
RAYTHEON 44 148 41 Alr Cooled
(225 max)
Q~band 80 Proposed
3-11
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Table 3.3 EHF Space Segment TWT Suppliers

MANUFACTURER

FREQUENCY OUTPUT POWER|EFFICIENCY|GAIN|BANDWIDTH

(GHz) (W) (%) (dB) (GHz)

HUGHES 20 4 17 50 1.0 |Flight Qualified
v on CS-I1
20 7.5/75 30-50 30 3.5 In Development
23/33 10 37 43 INTELSATs ISL
49

60 5 14 38 0.1
THOMSON CSF 20 15 33 51 1.0 Developed
WATKINS = 20 25 40 50 1.0 Developed
JOHNSON
AEG 20 22 38 50 3.0 Developed
TELEFUNKEN

3=12
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Table 3.3 shows the space segment THT suppliers identified. Although
some of the tubes listed have been space qualified, it should be noted that
only the Hughes 4 W tube has flown (on the Japanese CS I). However, Thomson
CSF, has had flight experience at Ku band with INTELSAT V. For 30 GHz tubes,
current densities exceeding the 0.2 A/cr? available now with oxide cathodes,
may be required. This may call for programmable power supplies since the
current densities decrease with time for fixed operating parameters.
Dispenser or impregnated cathodes may have to be used which are more

costly.

Technology projections for IWT amplifiers for both space segment and
ground segments are summarized below:

SPACE SEGMENT

20 GHz 40 GHz
Near Term Helix 20=40 W 10~-20 W
Far Term Helix 70-=100 W 15=50 W
Coupled~cavity 200 W 100 W
GROUND SEGMENT TWTS
30 GHz 45 GHz
Near Term Air Cooled 400-~500 W 150200 W
Liquid Cooled 1 kw 500-700 W
Far Term Air Cooled 700 W 300 W
Liquid Cooled 1.5 kW 900 W
Near Term Solenoid 2 kW 1 kW
Far Term Solenoid 20 kW 8 kW
3-13
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To summarize, TWT development for both ground and space segments is
continuing and the necessary tubes for 20/30 GHz seem available. The
eritical issue, however, remains'the demonstration of reproducible, reliable
and affordable tubes.

3.3.2.2 Solid-State Amplifiers

Although TWT's have been used for high power production at high
frequencies, solid-state amplifiers are developing fast as an alternative to
IWT's. The attractive features are the greater reliabilities expected,
lightweight and potential low cost. Another advantage is the potential of
integration. However their efficiencies are somewhat lower than that of
TWI's. Both diodes and transistors are considered. Solid-state power
amplifiers are readily available up to X~band and considerable activity is
going on up to 40 GHz.

~ Many diode types are available such as GUNN, BARITT, TRAPATT, and
IMPATT. They are all used for different applications, but for power
amplifieré, the IMPATT is used since it is the most powerful CW diode
source. The Silicon IMPATT, which uses avalanche multiplication to create
negative resistance effect, can be used up to very high frequencies. For
example, Hughes has developed a 217 GHz phase-locked IMPATT oscillator for
low noise applications. A power of 15 mW at an efficiency of 0.5% was
obtained [ 6] . Silicon IMPATT devices were used in the LES ‘8/9 as amplifiers
in the K-band downlink and cross~link transmitters at 38 GHz. GaAs
IMPATT's, which have higher DC-to-=RF efficiency than silicon devices, are
gaining more widespread use.

IMPAIT diode tramsmitters have lower power and bandwidth than TWT's,
and hence, only one transmitter can be used for a single channel. Thus,
combiners are needed to obtain the required power level. Although they have
somewhat lower efficiencies than TWI's, they have the advantage of
potentially higher reliability. Typical requirements of IMPAIT's for EHF
are:

Bandwidth - 0.5 GHz

)

¢ Individual device power level 4=6 Watts

¢ Combining (4 or 6 way) for a total of 20 Watts

® Composite amplifier gain 30 dB

e Operational efficiency = 20%

o Design life 10 years
3~-14
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The eritical technology here is the development of the 4~6 W IMPATT
devices themselves; currently only 2-3 watt devices are available. Also,
the efficient combining network without excessive signal loss will be
critical, as will the high power and frequency operation of these devices

over 10 years.

LNR Communications, Inc., has a contract with the Air Force Wright
Aeronautical Lab. to develop a 20 GHz GaAs IMPATT diode amplifier having
20 Watts CW power with at least 1 GHz bandwidth. An overall gain of 30 dB
is targetted by use of 20 GHz FET driver modules and IMPATT power modules.

Table 3.4 lists the currently available IMPATT amplifiers; in the
frequency band of interest. ﬁote the decreased efficiency compared to TWI's
(Table 3=3). It is clear that a lot more development has to be done before
IMPATT's can be readily used as amplifiers. Estimates of near<term
projection (5 years) indicate a possibility of 8 W at 20 GHz and 2 W at 40
GHz.

IMPATT amplifiers at 60 GHz have been developed by Hughes, TRW and
NEC. For example, NEC has a silicon IMPATT operating at 50~70 GHz with an
output power of 0.3 W and DC~RF efficiency of 6% and Hughes has an IMPATT
operating at 50~70 GHz with an output power of 0.2 W. Hughes is also
developing a laboratory model of 7% efficient, 60 GHz silicon IMPATIT with a
power of 1.0 We TRW has a 1 W 60 GHz IMPATT amplifier with a gain of 14 dB
and is developing a 2 W 60 GHz IMPATT amplifier with a gain of 17 dB [12].

GaAs FET power amplifiers offer more ecase of combining and linear
amplification than IMPATTS. They also generally have higher efficiencies
and wider bandwidths and lower noise figures. The power capability of a FET
decreases rapidly with frequency above 20 GHz because the required gate
width becomes small. Due to device impedance matching problems, parasitic
problems also increase. To increase the power output, a power combining

approach must be adopted.
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Table 3.4 IMPAIT Diode Suppliers

MANUFACTURER | FREQUENCY OUTPUT POWER |GAIN|EFFICIENCY
(GHz) (W) (dB)
LNR 20 1.25 = 1.5 - 11-15
| 20 20 30 1 GHz bandwidth '
(under development)
VARIAN 18 - 23 0.3 3.5
HUGHES 26.5 = 40 0.2
40 - 50 0.2
43.5 = 45.5 1.5 10 ILO*
40 1.7 12 LABORATORY
RAYTHEON 33.5 2.5 18.6  |LABORATORY (GaAs)
41.6 l.1 15.1 LABORATORY (GaAs)
NEC 18 = 25 1.5 10
35 = 50 0.5 8
MIT 38 0.5 - LES 8/9 Cross~link
and downlink °
TRW 37.5 5.0 33 Used Combiners
38.1 5.0 30
41 10.0 33 Under Development
*12 diodes combined
MOTOROLA 44.5 1.0 10 ILO

* Injection~locked oscillator
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GaAs FET transmitters are currently capable of about %-% watt in the
20 GHz downlink band. They have sufficient bandwidth and linearity to
permit amplification of multiple channels by one transmitter. The key

design parameter based on NASA's ACTS program are:

° Bandwidth 2.5 GHz

' Individual device power 0.25-1 W

) Combined power 6=7.5 W

® Efficiency 15=207%

® Sufficient linearity fér multicarrier operation.

The device development itself is a critical 1ssue,!especially in large
numbers and with reproducible characteristics. Power combiners will be

another critical area.

Table 3.4a summarizes the GaAs FET power amplifier devices being
developed by various companies. It is apparent that suppliers for these
devices are few and much more activity is needed. It is estimated that in
the near term (5 years), GaAs FET's with output powers of 2 W at 20 GHz and
0.5 W at 40 GHz will be available.

3-17
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Table 3.4a GaAs FET Suppliers

MANUFACTURER FREQUENCY‘(GHZ) OUTPUT POWER (W) bAIN (dB) |[EFFICIENCY %
19 7.5 (16 stage amp.j
TI 20 0.45 30 30
(1.0 W Goal)
éS 0.2
TRW 20 4.0 34 10
MSC 20 0.5 3.55 13
(1.0 W Goal)
HUGHES 18 1.0
40 .5 oW
FﬁJITSU 20 0.7 *
23 1.0
MITSUBISHL 30 0.1
3~18
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3.3.2.3 Klystron Amplifiers

Klystron amplifiers are thermionic devices that are particularly
noted for high power applications. Thelr peak output powers range from
milliwatts to megawatts with average output powers between 1 to 100
kilowatts. Their power gain ranges from 3 to 90 dB. Klystron amplifiers
operate primarily in the frequency bands between UHF and 100 GHz but are
capable of operation above 100 GHz.

The first tubeé to sucessfully demonstrate the principle of
klystrons were reflex klystrons developed in the late 1930's. During
World War II, reflex klystrons underwent major development resulting
from their applications as local oscillators in radar receivers.
Development work on klystron amplification began following the war and
has progressed to the point where klystron amplifiers are commonly
employed for amplification of microwave signals.

Although klystron amplifiers produce a lot of power, they suffer
from one major constraint for their applications in the EHF band, they
have a problem with obtaining sufficient percentage bandwidth.

A comparison of instantaneous bandwidths between klystron amplifiers and
TWTAs illustrates this limitation. TWTAs, as discussed in section
3.3.2.1, have bandwidths ranging from 1.0 to 3.0 GHz, with 2.0 GHz as a
typical value. Klystron amplifiers, operating in the EHF band, presently
have bandwidths of 30, 50, and 150 MHz. There is at least an order of
magnitude difference in bandwidths between the two types of amplifiers.
The bandwidth may be improved by the use of extended interaction
amplifiers (EIA) with a special output circuit distributed over a
congsiderable distance. Further, klystron amplifiers also suffer from a
lack of frequency agility. To alter the center frequency of the
klystrons reduire each cavity to be retuned séparately.

The tendency has been to use TWTAs for communications in the EHF
band, particularly when large bandwidths are required, such as when
spread spectrum is considered. Also, TWTAs are capable of multiple power
levels, allowing efficient and adaptive power budgeting and control. The
effort to improve TWTA in the communications industry is quite
considerable and was treated in greater detail in section 3.3.2.1.
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A survey of manufacturers of klystron amplifiers showed there were
only a couple of companies with products in the EHF band. The companies
were Varian and NEC. Table 3.5 lists the available klystron amplifiers'

and, their characteristics for these two companies.

Other noted manufacturers, such as Philips and English Electric
Valve (EEV) concentrate on the UHF band, while others, such as Thomson-
CsF, ITT, GE, and Raytheon do not manufacture klystron amplifiers above X
band ¢ 10 GHz). Hughes, Varian and Raytheon are placing their efforts
into improving TWTAs instead. The lack of companies manufacturing
klystron amplifiers in the EHF band once again reinforces the poihts that
TWTAs are better suited for communications in the EHF band.
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Table 3.5 EHF Klystron Amplifiers Suppliers

MANUFACTURER | FREQUENCY | OUTPUT GAIN | BANDWIDTH | COMMENT
(GHz) POWER (W) | (dB) (MHz)

VARIAN 18 = 26 1000 50 50 (1 dB)| L, A

26 - 36 1000 50 30 | », B
' NEC 27.5 ~ 29.0 450 43 | 150 FA, PM
28.7 = 30.1 450 43 150 FA, PM
29.6 = 31.0 450 43 150 FA, PM
27.5 = 29.0 150 45 50 FA, PM
28.7 - 30.1 150 " 45 50 FA, PM
29.6 = 31.0 150 45 50 FA, PM

COOLING: FA = FORCED AIR
L = LIQUID

FOCUSSING MAGNET: PM = PERMANENT MAGNET
A = VYW ~ 7808
B = VA ~ 1928

3=-21
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3.4 - ANTENNAS

EHF is particularly suited to operation with spot beams. For
satellitg systems it is of paramount importance to get as much EIRP as
possible in order to achieve a suitable link availability. Since EIRP
depends on amplifier output power and the antenna gain, it is important to
maximize the antenna gain. However, the size of the antenna is usually
determined by other factors than gain alone, i.e., the size of the spot
beams required. Multiple beam antennas with low side lobes are required for
frequency reuse and can be used for either fixed 6r scanning beams.
Beamwidths of 0.3° or less are typical at EHF. Studies in Europe and the
U.S.A. have shown that a good way to produce widely separated spot beams at
20/30 GHz is to use a special feed network and a dual-reflector antenna
system. The main antenna reflector diameter is in range of 2.7 to 3.7 m.
The minimum gain is 52 dB [Reference 19, Section 2.2]. The antenna gain
obtainable is limited by surface accuracy of a reflector antenna as well as
the antenna tracking accuracy. This fundamentai gain limitation is
considered in the following subsection. A typical spacecraft antemna is a
paraboloid reflector with an off-axis feed and uses folded optics. The feed
horn assembly consists of a bank of switches, power dividers and phase

shifters, which can be varied by an on~board microprocessor to effect beam

scanning. NASA's requirements for the antenna include:

) Gain 53 dBi

e  Beamwidth | 0.35 °

° Sidelobe level 40 dB below mainlobe

™ Isolation between beans » 30 dB at same frequency
® Beam~to~beam switching time< 0.5y S

The design of the reflector surface with sufficient Surfacé
tolerance, and the suitable beam forming components are considered the

critical elements.
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3.4.1 FUNDAMENTAL ANTENNA GAIN LIMITATIONS

Paraboloid anténnas are typical at these frequencies and shall be

‘ugsed here. It shall also be assumed that the antenna aperture is at least
10 wavelengths in diameter (0.15 m at 20 GHz).

The gain (G) of a paraboloidal antenna is given by:
2
G -n(-%) (3.3.1)

where A = wavelength
and n the overall antenna efficiency which includes effect of surface

errors, block loss, spillover loss and aperture illumination efficiency.

Surface accuracy, which is determined by technology capability,
limits the absolute antenna gain achievable. Equation (3.3.1) can be
modified to include surface errors as follows:

f (3.3.2)

4re
2 -
) ¢ A

D
G“n(;

where ¢ is the rms deviation of the reflector surface from ideal.

n 1is the efficiency not including surface error effects.
The loss in gain due to surface errors is then:
e 2
This gain loss is shown in Figure 3.3.1 for 20 GHz, 30 GHz and 44 GHz.
From the figure, it is seen that to obtain a gain loss of less than 1 dB,

the surface accuracy must be less than 0.025 in for 20 GHz, 0.017 in for 30
GHz and 0.0l for 44 GHz.
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For small antennas (diameters less than 4 ft.) surface accuracies of
0.025 in. area available with standard stamping or spinning techniques,
0.012 in. accuracies are possible with precision spinning or molding, and
0.005 in. if machine casting or molding technique is used. Hence from
Figure 3.4.1, very low gain losses can be achieved if the correct

manufacturing process is used.

For larger antennas, the antenna is fabricated from panels which

‘introduces several factors contributing to surface accuracy. These include

manufacturing factors, and environmmental factors (gravity, wind loads,
thermal gradients). The surface accuracy varies with the antenna diameter.
A linear approximation is often used; i.e.g¢ = KD

Hence

D 2 =~ _ln KD.2

iy ) e A ‘ ’ (3.3.4)

G =n¢(
The gain loss 1s AG = =685.8 K (—)‘D—)z dB

Figure 3.4.2 illustrates the fundamental gain limitations of the
antenna due to surface accuracy. As the diameter increases for a given
value of K, the gain reaches a maximum value and then decreases. The
maximum gain is 4.34 dB below what could be achieved if no surface errors
were present.
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Figure 3.4.1 Antenna Gain Loss as a Function oF Surface
’ Accuracy (From Reference 32) : ST
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Figure 3.4.2 Antenna Gain Limitations Due To Antenna Surface
Accuracy (From reference 33)
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Antennas with surface accuracy to diameter ratioe /D = 10’4 are

readily available. The best commercially available antennas have ang /D
ratio of about 5 x 1065. Better ratios are available with special
techniques. For example Mitsubishi Electronic Company built an 1l.5 m
antenna with an rms surface accuracy of 0.17 mm & /D = 1.5 x 10*5) for a

ground station to communicate with CS-l.

Antenna tracking accuracy causes a reduction in the realizable gain
due to the resulting pointing error. The gain of a parabolic reflector

incorporating the tracking accuracy A@ is given by:

G =n(-;—9—)2 e*2-76<7§f—>2 (3.3.5)
wherg 93 is the 3 dB antenna beamwidth
The loss in gain is AG = -11.99 (—gi)—)z dB.
For a loss of 1.5 dB, the tracking error must be= 0.35 03 °
The 3 dB beamwidth fof a paraboiic reflector is given by:
9 = 7%
which yields:
AG = =R 2% g, ) (3.3.6)

20.15 A

From (3.3.6) it can be seen that for a fixed tracking accuracy, and
antenna diameter, the antenna gain loss increases as the square of
frequency. Hence, if we want to operate with the same antenna at a higher
frequency, the tracking accuracy must be improved in order not to suffer
further gain losses. Figure 3.4-3 depicts the antenna gain limitations due
to tracking accuracies [SQ . The curves show that for a given tracking
accuracy, the achievable gain in the direction of the satellite reaches a
maximum value as the antenna diameter increases,'and drops as the antenna

diameter increases further.
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Tracking accuracy depends on a number of factors including the
tracking technique used, wind loading, gravitational and thermal effects.
Accuracies of the order of 0.5° are considered typical for mobile terminals
using open-~loop tracking techniques, while for a satellite 0.2° is typical.
If sequential scanning tracking method is used, however, as in LES 8/9
antenna, an accuracy of 0.05° can be achieved. The use of monopulse
tracking further improves the tracking accuracy of mobile antennas to 0.1°,
whereas with fixed ground antennas, 0.02° can be obtained. Radomes may be
used to prevent effects of windload on tracking and surface accuracies.

This may incur a small radome transmission loss.
3.4.2 AVAILABLE ANTENNAS

Several different types of antennas may find application in EHF
including the parabolic antenna, the lens antenna, and the phased array
antenna. For the ground segment, the parabolic antenna will most likely be
used. Several manufacturers have catalogs listing EHF parabolic antennas,
€.g., the TECOM catalog. The space segment may use paraBolic reflectors,
horns, shaped beam reflectors, arrays and multiple-beam antennas (MBA). For
example, the Japanese 30/20 GHz CS satellite uses a shaped horn reflector
built by Mitsubishi. The MIT's LES 8/9 spacecraft employed dual-reflector
antennas at 36/38 GHz. The use of phased arrays is being examined by the
U.S. Air Force.

Table 3.6 ligts existing EHF antennas as well as those under
development. Multiple beam antennas with both fixed and scanning spot beams
as well as the requisite sidelobe levels will require quite a sophisticated
design. MBA's can be either reflectors, phased arrays, or lens. Tradeoffs

of gain, bandwidth, weight, and complexity have to be made.
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Table 3.6 EHF Antenna System Supplier

MANUFACTURER | FREQUENCY | TYPE . GAIN EFFICILENCY
(GHz) (dB1i) (%)
ROCKWELL 20.7/44.5{0ffset Dual |[35.1/41.7 73 Surface tolerance
INT'L Reflector < 0.005"
44 Lens 34,8 55 37 beam
MITSUBISHI {20/30 Shaped Horn 33 Flown on "CS"I
Reflector
20/30 Dual 51.6 4 beams of
Reflector 0.35° width
Multi~beam _
19/29 Offset 66.3/69.5 70 11.5 m diameter
: Cassegrain 0.17 mm rms surface
Reflector error
for Ground
Terminals
FORD 20/30 Dual MBA 54 (Fixed) 24 beams 0.3° wide
AEROSPACE Reflectors 52 (Scanning) =30 to =40 dB SL
BELL 42.5<45.5 45.8 <12 dB SL, 26 in. dia.
AEROSPACE " Dual~band SHF/EHF
MIT 44 Adaptive
Nulling
Antennas
21/45 Dual
Frequency
Feed -
36/38 Parab. Refl./|42.6 dish Used in LES 8/9
Horn 24.4 horn 0.002" surface tolerance
GTE 44 /20 Feed System
HARRIS Pseudo~Mono .
CORP. pulse
Tracking
Feed &
Scanner
TRW S/C Multi~
beam Antenna
USAF* 44 Phased Array
Antenna
BALL 20
AEROSPACE 17.3 45
TECOM 18~26 Parab. dish 31-34% 14 in. diameter
26=40 34-37 = 3° beamwidths
NOSC#* 44 |Lens 6.9" 34.52 41.6
Diameter
*not actually a supplier. J=29
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3.5 ON~BOARD SWITCHING AND PROCESSING

Since multiple spot beams are expected to be used, on<board switching
1s called for to provide the necessary interconnectivity. This space switch
can' be combined with different access methods to exploit satellite resources
in an efficient manmer to satisfy virtually any form of traffic requirement.
Two types of switching are distinguished = IF switching for trunk traffic,
and baseband processing and switching for use with customer premise
terminals,

3.5.1 RF SWITCH

A possible IF switch consists of an nxn matrix of solid-state switch
elements, where n is.the number of input and output channels. One or more
switches can be activated in a row allowing one input channel to be
connected to several output channels. The switching action is controlled by
the Master Control Terminal (MCT) via special control circuits. The
switching element consists of a dual-gate GaAs FET and couplers to transfer
the IF signal from a row to a column of the matrix. The switch matrix under
development for NASA has the following characteristics:

® IF 3-8 GHz

20 x 20 matrix, i.e., 400 switch elements
° Data rate switchable > 1 Gb/s

® End-to~end loss < 15 dB

® Switching time = 10 ns

) Channel~to~channel isolation 40 dB

® Design life 10 years

® Light weight and low power consumption

The critical techmology includes development of the GaAs FET
switch/amplifier device, broadband couplers and the switching control
circuit, plus packaging and integration of the switch matrix.

Ford Aerospace and GE are developing SS~TDMA IF switch matrices for
NASA. Intelsat has made a decision to use SS~TDMA in their Intelsat VI and
has let a contract to NEC to develop a reliable SS-TDMA switch.
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3.5.2 BASEBAND PROCESSOR

The most probable access method of the future for EHF is TDMA.
Satellite~switched TDMA has been billed as the ultimate objective for
satellite communications. Satellite signal regeneration (processing) as
opposed to IF switching is advantageous especially if the link is uplink
power limited such as in a military system. The uplink noise, jamming and
interference is removed at the satellite and is not retransmitted on the
downlink, hence noise accumulation does not occur like in the IF switch
systems. Thus BBP SSTDMA systems can lead to superior performance. A
saving of 3 dB or more in signal~to-noise ratio, may be obtained, compared
to the RF processor. Further, by use of LSI in the baseband processor, the
switch can be light compared to the heavier IF microwave switch elements. A
further advantage is that associated with signal format change and speed
conversion. Since the baseband data stream is available at the' satellite, a
modulation technique that optimizes the downlink may be used irrespective of
the uplink modulation i.e. the uplink and downlink can be optimized
separately.’  For example DQPSK may be used on the uplink since it does not
require carrier recovery, while QPSK, which is more power efficient is used
on the downlink. Various data speeds may be used in the different downlinks
thus requiring bit-rate conversion on board. This allows the use of
different size earth terminals thus making the system truly flexible.

In the proposed NASA ACTS system for example, the baseband processor
(BBP) is required to switch messages among a network of about 2000 customer
premise service (CPS) terminals. It has to demodulate and decode the uplink
signal down to digital data, store these data in memory and then switch them
digitally to downlink channels. The data are re~coded and remodulated. The
BBP can switch individual voice ﬁessages from any location to any other
location within the fixed or scanned beams, and thus, eliminate the message
distribution on the ground. This "switchboard<in-the~sky"” concept can lead
to significant system cost saving. The key required technolbgies include:

° fast acquisition burst demodulator for the 27.5 = 550 Mb/s rate
° high-speed digital circuitry (27 Mb/s)
® high reliability (10 year design life)

Critical elements include the low-power, high-speed LSI demodulator,
serial-to~parallel converters, Forward Error Correction Code decoders and
the digital routing switch. Motorola is developing a BBP and spaceborne
switch under contract with NASA. The ITALSAT system will use BBP and
Selenia and GTE are developing a baseband switching matrix and demodulators.
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3.6 CANADIAN EHF CAPABILITY
3.6.1 PRESENT INDUSTRY CAPABILITIES

Canadian industry, like those in other countries, has never been
quite convinced that a viable market for EHF components and subsystems does
exist. They have been reading and hearing for the past 15 years or so that
millimeter-wave technology is "just around the corner"”. To develop the
necessary millimeter-wave technology requires a considerable cost lnvestment
and industry has to be quite sure that a large market exists to justify
thelr investment. In our iInterview with Canadian industry, some companies
sald that although they feel they have EHF capability, they do not see any
substantial market beyond the MSAT project.

In other countries, development has been spurred by government
projects such as the NASA ACTS, the Japanese MOPT CS program and Italy's
National Space Plan. Other development has been by large companies such as
Hughes, Siemens, Watkins Johnson, with large R&D budgets. Most Canadian
companies do not have large R&D budgets to start in~house EHF development
programs. The R&D portion of Canadian companies 1s typically 5=15% of
sales. Military contracts have helped tremendously to evolve EHF capability
in the U.S., for example the MIT's LES 8/9 satellites with EHF payloads was
DOD supported. In Canada, a limited number of government contracts, mainly
DND-related have been completed by Canadian industry or are in progress.
Andrew Antenna Company constructed a 6 ft. diameter dish antenna for the
CRC'ground terminal to communicate with LES 8/9 satellites. They are also
currently developing a 20/44 GHz feed for DOC to go on the MSAT spacecraft.
ComDev has experience with RF components, waveguide filters, couplers and
ferrite devices at EHF, and are building up a surface acoustic wave (SAW)
capability. They have had contracts to subply components for the Japanese
Broadcast Satellite and are currently building éomponents for L-SAT
satellites at 20 and 30 GHz.

3=32



EHF FINAL REPORT

Varian Canada is well recognized in the development and manufacturing
of millimeter~wave Extended Interaction Klystron (EIK) and also produce mm
wave Reflex Klystrons. They have had considerable success in selling these
to the U.S. government agencies, laboratories, and also in Europe. They
also produce a variety of EHF radars. Varian is one of the éompanies that
expects a substantial market for their products in the next 5 to 10 years.

Canadian Astronautics Limited's Electronic Warfare Group is
developing wideband VCO in the 18<40 GHz range for their Tactical Signal

Simulator (TASS). They are also studying the requirements of expanding the
operating frequency of the TASS to 100 GHz.

Universities, although not potential manufacturers per se, are doing
‘research in millimeter wave area. At the University of Toronto they are
carrying out DREO-~funded studies on 20/44 GHz space communications
emphasizing antennas. They are developing multi-~beam anteanas with beam
steering and adaptive null steering. The University of Ottawa has developed
a mmW receiver front end (mixer) and has been involved in fin-line »
techniques. Further they are developing cavity-stabilized millimeter-wave
sources (LO) and modulators. The University of Manitoba is also involved in
analytical and computer program studies for the Defence Research
Establishment (DRE) and CRC.

Another area where Canadian Industry is involved, although not
strictly EHF but will be required along with the use of EHF, is in signal
processing. A number of companies have capabilities in this area. Examples
include MDA who are doing work on spread-spectrum and digital signal
enhancement, and Canadian Marconi who have a DND contract on spread-spectrum
applications. )

'

Further, CRC is testing a 16 km terrestrial EHF link from CRC to
Kingsmere in the Gatineau Hills to test weather effects on an EHF link.
This will provide valuable information since in a satellite earth link, most
of the attenuation (absorption) occurs in the short distance through the
earth's atmosphere. In addition, CRC is studying self-adapting variable
bit-rate modems to allow the information rate through a small terminal to be
continuously adjusted during inclement weather such as in the presence of
rain downpours. This might prove to be an effective way to combat outages
due to rain. The alternative is to use site diversity which incurs cost
penalties.
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3.6.2 PROJECTED CAPABILITY

A survey of Canadian industry capability and potential at EHF was
done. Although a few companies expressed optimism about the future
existence of a market.for EHF, most companies were doubtful as to the

existence of a viable market outside such programs as MSAT.

There was a general consensus based on remarks from Industry that the

Canadian Government should encourage industry to pursue development of EHF
based communication systems as this will help them capture their fair share
of the market especially in the joint U.S.~CANADA military programs.
Military EHF programs were considered the most likely application of EHF.

There appears to be the necessary Industry base to build on for
developmenf of EHF subsystems or components. A number of companies have
sufficient capability at C and Ku band that may be extended to EHF.

Table 3.7 lists a number of companies that are representative of Canadian
Industry potential capability and the most probable potential areas. There
is a notable lack of activity in solid-state device development, with the
exception of SED who are developing solid~state low—-noise RF devices at SHF,
and could possibly extend to EHF. A number of companies can probably
develop capability: through a transfer of technology from their parent
companies in the U.S., but it is felt that with enough incentive, more

Canadian~produced technology may be available.
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Table 3.7 Potential Canadian Suppliers

ANTENNAS

RF DEVICES
COMPONENTS

PROCESSING/
SWITCHING

EARTH
STATIONS

ANDREW ANTENNA
ANTECH

CAL

CAN. MARCONI
COMDEV

DTL

M. ASSOC. -
MDA

MILLER COMM.
MITEC ELECT.
PACIFIC MICROTEL
RAYTHEON

SED

SPAR

U. OF T.*
VARIAN

P(E)

P(E)

ty o

P ~ Potential
E = Existing

* = Not actually a supplier
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3.6.3 POTENTIAL AREAS FOR CANADIAN INDUSTRY DEVELOPMENT

On the global market, most countries are adopting a parochial view
whereby they try to limit contracts on their programs to companies in their
countries. Only in cases where there is a definite lack of capability
within their industry would they consider allowing foreign competitors and
even then they would most probably go with the "proven" manufacturers. It
is therefore forecasted that Canadian Industry will not capture any
significant global EHF market. However, some local market will exist in the
future, and something has to be done right now in order to preparelfor it
when it arrives and prevent losing to other countries even in local markets.
It is clear, howeyver, that Canadian Industry will require Government
encouragement and financial assistance to develop the requisite EHF
capability, and international reputation and to promote international
sales.

It is considered a poor business to develop device and component
capability such as GaAs FET's etc., and it might be more advisable to buy
devices from the U.S. and develop subsystems. Canadian Industry should have
the capability to produce all aspects of ground terminals. Development of
RF subsystems is considered an area where some effort should be directed.
Canada has a large number of microelectronic companies and it is expected
that Canada can become a major supplier of processing electronics. On~board
processing is an area that should be actively developed in the light of
present capability. Some capability should be developed to exploit the

already existing base of analysis and fabrication of antennas.
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4.1 CANADIAN DEMAND SIDE
4.1.1 DEMOCRAPHIC DATA AND FORECASTING

4.1-1.1 Introduction

Prior to proceeding with traffic volume projections of Canadian
telecommunications up to the year 2000, it is important to study several
variables whose trends could influence our projections. These variables
are: 1) population, i1) the number of Canadian households, and iii) the
Gross National Product (GNP). The population. is of course the main driver
for the demand of telecommunications. When combined wifh the trends in the
number of households and the settlement patter& in Canada, the demand and
provision of video service and telephone usage can be correlated. The |
population growth trend, when considered with the trend of the GNP, can be
used to forecast business telephone and data requirements. Although the GNP
decreased in 1982, the 1983 economic recovery is predicted to continue
through the year 2000.

The following text 1s intended to familiarize the reader with the
growth rates and trends of the above variables. The growth trends for
population and the number of Canadian households are averages of four
plausible scenarios produced by Statistics Canada. The growth trend for
Canada's GNP was obtained through trend line anal&sis. All the trends show
a declining rate of growth with respect to time.

What follows is a brief description of these analyses. The
supporting data for this chapter may be found in Appendix A to this report.

4.1.1.2 Population

The four population scenarios produced by Statistics Canada, [ 1]
are illustrated in Figure 4.l.l<l. These scenarios, based on the June
1,1976 Census, were generated under four different sets of assumptions;
accounting for fertility rates, and international and interprovincial

migration patterns.

4=2



EHF FINAL REPORT

The average annual growth rate (over five year intervals) used to
project the population to the year 2000 is shown in Figure 4.l.1=2. The
ove;all trend is a declining rate of growth as Canadians tend towards
smaller families. The average scenario shows the growth rate dropping from
1.20% in 1981 to 0.86% in 1991, and theun to 0.68% by 2001. It is _
interesting to note that Woods Gordonm [ 2] , favours Statistics Canada's

" fourth projection = their most pessimistic scenario. Our average scenario

is more optimistic. It tracks Statistics Canada's third projection while
ridiag slightly above it.
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4.1.1.3 Number of Canadian Households

Statistics Canada,[ q » also produced four projections for the number
of ¢anadian households. The four different sets of assumptions considered
factors like marital status and size of families. But as opposed to the
population projections, which used the 1976 Census, these were based on the

Census of 1971. ' These four scenarios are shown in Figure 4.1l.1-3.

The growth trend in the number of Canadian households, being
partially driven by the trend in population, declines with respect to time,
but drops more rapidly than with population. The .average scenario shows a
drop from 2.40%Z in 1981 to 1.19% in 1991, and then down to 1.17% by the year
2001. The higher initial growth rate of the number of households is
attributable to the young people of the baby boom, as they become of age.

. Once the baby boom effect passes through, the rate of decline starts to

level out as depicted by the projections during the 1990's.
Figure 4.1.1~4 illustrates the assumed annual growth rates, over five

year intervals, of Statistics Canada's most optimistic and pessimistic

scenarios, accompanied by an average scenario.
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4.1.1.4 Gross National Product

The projection of Canada's GNP was produced using trend line
analysis. The GNP figures between 1970 and 1980, in constant 1971 dollars,
were used[ 1] . The 'best line' possessed a correlation figure of 0.9865 for
the given data and had an annual increase of 4228 million constant 1971
dollars. This best fit line is illustrated in Figure 4.1.1<5.

Translating the constant annual monetary increase into annual
compounded growth rate, over five year intervals, yields a declining gréwth
trend. The growth rate drops from 3.59% in 1980 to 2.29% in 1990, and then
down to 2.05% by the year 2000.
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4.1.1.5 Summary of Forecasting

For convenience, the projected figures for the population, number of
Canadian households and GNP (in five year intervals) are tabulated together
in fable 4.1.1<1. The compounded annual growth rates assumed for the
projections of the three factors are listed in Table 4.l.l-<2. Finally,
the growth rates found in Table 4.1.1~2 are drawn on Figure 4.l.l~6. All
three factors show decreasing annual growth rates. These forecasts show a
continuing increase in the Gross National Product, in constant dollars, per
unit of population, that is the forecaset is for continued growth in the
real wealth of Canada through to the year 2000.
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~ Table 4.l.1«1 Projected Population, Households
and GNP Figures (1980-2000)

POPULATION |HOUSEHOLDS |GNP IN MILLIONS OF
YEAR ('000) ('000) |CONSTANT 1971 DOLLARS
1980 23,936 7,970 130,160
1985 25,407 8,973 155,294
1990 26,809 9,671 176,434
1995 27,982 10,260 197,574
2000 28,946 10,874 218,714

. |RATIO
2000

Table 4.l.1«2 Assumed Average Annual Growth Rates for
Population, Households and GNP Projections

oy Ny Y ) By B

Bl B B

(1980~2000)

TIME POPULATION jHOUSEHOLD <GNP GROWTH

INTERVAL |GROWTH (%) [GROWTH (%) (%)

1980<1985 1.20 2.40 3.59

1985-1990 1.08 1.51 2.59

1990~1995 0.86 1.19 2.29

1995<2000 0.68 1.17 2.05
4=12
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4.1.2 VOICE SERVICE REQUIREMENTS

4.1.2.1 Introduction

Throughout history, man's desire and need to exchange ideas and
information has driven him to continually develop better methods of
communications. Each development has enabled him to communicate, in a
variety of ways, with more people, more quickly and over greater distances
then before. One such development occured in March 1876 and revolutionized
the telecommunications industry. Its effect was so profound that it would
be extremely difficult for us to live without it today. This development
was, of course, Alexander Graham Bell's invention -~ the telephone.

As we enter the Information Age, Canada is equipped with one of the
best telecommunications networks in the world. In 1980, there were over
16.5 million telephones connected to this network = enough to rank fourth in
the world for the number of telephones per capita. With an average of one
telephone for every two people, this network is truly extensive. In fact,
98% of all the Canadian households had at least one telephone in 1980.

Our dependence on the telephone is astounding. There were
approximately 26 billion calls made in 1980, tﬁat is an average of 1624
calls per telephone annually.. Of these 95% were local calls, while 5% were
long distance telephone calls. In this study our interests lie in the long
distance calls, where an EHF fixed communications satellite system could
provide the service cost effectively.

Forming the backbone of Canada's telecommunications network is a co=
operative of telephones companies, known as the TransCanada Telephone System
(TCTS). Its primary responsibility is to provide Canada with long distance
telephony, video, and data communications. Since its establishment in 1931,
TCTS's membership has grown to consist ten large Canadian telecommunications
carriers. These organizations are Telesat Canada, Bell Canada, British
Columbia Telephone, Alberta Government Telephone, Saskatchewan
Telecommunications, Manitoba Telephone System, The New Brunswick Telephone
Company, Maritime Telegraph & Telephone Company Limited, The Island
Telephone Company, and Newfoundland Telephone Company Limited. The %irst
three companies are under the regulations of the CRTC.

4=~14
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The competitor to TCTS, in natiomal telecommunicatioms, is CNCP
Telecommunications. CNCP acts as - a carrier for some telephone companies and
maintains its livelihood through data communication services. It has been
estimated, that about 60% of CNCP's total revenues is derived from data
comﬁunications, while the corresponding figure is 3% or 4Z for TCTS [3,4].
CNCP is under the regulations of the CRTC.

There are also other Telcos, but. they have not been mentioned as our
involvement with them will be slight. A list of the major telephone and
telecommunications carriers in Canada may be found in Appendix B.

There are numerous services offered by the telephone companies, the
following section will consider the three primary services. These are:
! ) !
A) Message Telephone Service (MTS),
B) Wide Area Telephone Service (WATS), and
C) Private Lines.

The former two services are public services and their traffic volumes will
be dealt with concurreantly.

4.1.2.2 Message Telephone Service (MTS) and Wide Area Telephome Service
(WATS) Traffic Volumes '

4.1.2.2.1 Introduction

This section deals with the determination of the public telephone
traffiec volume. The services which genetaté thig traffic volume are the
Message Telephone Service (MTS) and the Wide Area Telephome Service (WATS),-
i.e., everything except Private Line Service. There follows a descriptiom
of the services listed under MTS and WATS, which are based on the
clagssifications of message rate voice services by the Canadian
Telecommunications Carriers Association (CTCA)[ ﬂ . While description of
equivalent CNCP services has not been included, this is not considered to be
significant in this context since the purpose is to give the reader a feel
for the characteristics of the MTS and WATS services and not to describe the
full array of message rate voice services available.
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The Message Telephone Service (MTS) is the normal telephone service
to which most Canadians have become accustomed. The mainstream of long
distance MTS is the Direct Distance Dialing service (DDD) which offers
residential and business telephone subscribers access to almost any other
subscribers on the telephone network on a dial-up basis. Access to the
remainder of the network may be attained through operator assistance. Once
the two parties are connected, a single 4 kHz voice circuit is dedicated to
their use for the duration of the call.

Traffic volume under Multicom I is also included. Multicom I allows
the subscriber to access up to ten other designated subscribers on the DDD
network through one digit dialing. The single digit activates an
appropriate automatic dialer which calls the desired party. Voicecom I and.
II traffic are also included.

The Wide~Area Telephone Service (WATS) offers special rates for bulk
one<~way telephone service. There are two forms of WATS~INWATS and OUTWATS.
INWATS allows customers from specific WATS zones to call in without being .
charged. INWATS service is identified by the Zenith 800 number. OUTWATS,
on the other hand, allows the subseriber to make only outgoing calls to
specified WATS zones. WATS charges are based on the accumulative toll call
time per month and the WATS zones that are accessed. The time factor is

additionally broken down into less than or greater than 160 hours of usage.

The public telephone traffic volume also encompasses international

long distance calls. *
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4.1.2.2.2 The Toll Telephone Traffic Model

The toll telephone traffic network in Canada is a complex and

extensive communictions grid that provides numerous links to most Canadian
comnunities.

It is the purpose of thils section to derive the numbers of long
distance calls, the duration of these calls, and finally the number of voice
circuits required for calls which are over distances of greater than 300,
400 and 500 miles, during perilods of peak utilization. Rather than attempt
a comprehensive and undoubtedly complex analysis of traffic on the actual
network the authors have used a statistical approach to develop the
ne&esSary information. The methodology is described in Section 4.1.2.2.3.
The three distance values of 300, 400 and 500 miles were selected to
correspond to maximum, average and minimum scenarios respectively. 1In the
final anaiysis, in Section 4.3, the amount of traffic captured by satellites
will vary with the distance.

The final calculated values for the number of voice circuits are not
intended to represent the actual number of voice circuits at any specific
physical point in the telephone mnetwork. Rather the values are measures of
the predicted voice traffic that could logically be carried by satellites.

417



EHF FINAL REPORT

4.1.2.2.3 Methodology

There follows the methodology employed to determine the public voice
traffic volume, up to the year 2000. A detailed flow diagram to illustrate
the methodology is shown in Figure 4.1.2.<l. The final objective of this
exercise is to ascertain the number of voice circuits required to accomodate

the long distance voice traffic volume.

The standard practice for designing such a multiple trunk line is to
design for the "normal” worst case usage, i.e., during the peak hour.
Extraordinarily heavy duty traffic loads, typical of those on holidays or
national emergencies, are normally absorbed by secondary trunk lines.
Therefore, the traffic contribution of an extraordinary demand will not be
considered in this study.

The volume of telephone traffic is the product of two factors:

i) the number of toll call attempts during the peak hour; and
ii) the time duration of the toll call attempts.

The next four sections will provide an in~depth breakdown of the analysis.

. Paragraph 4.1.2.2.4 derives the peak hour toll call attempts from Statistics

Canada data. The raw data are in the form of completed annual toll call

statisitics. To start, the annual statistics were projected up to the year

2000. It is known that the peak hour traffic occurs on weekdays, hence the

next step was to eliminate the weekend toll calls. By assuming there are

250 business weekdays in a year, the number of toll calls completed on an

average business weekday was then calculated. Next, the number of toll
calls completed during the peak hour was determined predicated on a certain
percentage of the weekday total.
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The analysis to this point only accounts for completed calls.
However, unsuccessful calls also require circuit usage and their

contribution to the traffic demand must be considered as well. Thus, the

final step was to apply an estimated successful/unsuccessful call ratio to

obtain the peak hour toll call attempts.

Paragraph 4.1.2.2.5 describes the time duration of toll call
attempts in terms of the connect time and holding time for both successful

and unsuccgssful calls are discussed.

Paragraph 4.1.2.2.6 combines the results of the two preceeding
paragraphs to determine the toll telephone traffic volume and then translate
it into voice circuit requirments. The portion of these toll voice circuits
which are dedicated for national toll traffic is isolated and identified in
paragraph 4.1.2.2.7.

It should be noted that the inclusion of unsuccessful toll calls
increases the required number of voice circuits by 3% to 5% in the model.

Hence, the impact due to unsuccessful toll calls, while not being‘large, is
significant.
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4.1.2.2.4 Determination of Peak Hour Toll Call Attempts

The objective of this portion of the analysis is to ascertain the
number of toll call attempts, which would be made during the hour of peak
usage in the network on a typical weekday, between ﬁhe years 1980 and 2000.
The final product was the result of a disassembly process.:

The first step of the process was to projeét the number of compieted
annual telephone toll calls over the period 1980 = 2000. Three methods were
attempted, which are described below.

The first method employed a linear-regression analysis of the
historical data between 1971 and 1980 (derived from Statisitics Canada
Catalogue 56-203). The fit for this data yielded a correlation of 0.996.
Figure 4.1l.2=2 is a plot of the historicalldata and shows the straight line
used in the fit. The fit indicates a constant annual growth of 90 million
long distance telephone calls per year which corresponds to a declining
compounded annual growth from 4.7% (1985-<1990) to 3.8% (1990~1995) to 3.2%
(1995-2000). The projected total annual number of toll calls, to the year
2000, is tabulated in Table 4.l.2=<l. These projected growth rates are much
lower than the average growth rate ofVLOZ p.a. exhibited by the historical
data. Hence, it was decided not to use linear-regression.

The second method used assumed a comnstant percentage growth of 10%
p.a., derived from the historical data. This growth rate is considerably
greater than the projected growth in population and the GNP. .The projected
number of annual toll calls are also tabulated in Table 4.l.2<l1 and shown in
Figure 4.1.2=2. This method was not used, since it implied perpetual growth

and forecasted extremely high values in the latter years of the century.
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The third method, which was chosen for the model, consisted of
creating a scenario which considered several factors. These included
declining growth rates in population and households, market saturation in the
1990's, historical growth rates, the one possibility of reduced long distance
tariffs in the future, and the fact tﬁat growth was neither linear nor
exponential. The forecasted figures, along with the assumed growth rates for

the scenario, are depicted in Table 4.1.2~1 and Figure 4.1.2~2.
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Table 4¢l.2~1: Forecasted Total Number of Annual Toll
Calls Completed Annually (1980-2000)

FORECASTED TOTAL NUMBER OF ANNUAL AVERAGE ANNUAL GROWTH
TOLL CALLS (MILLIONS) .__|RATE OF CHOSEN SCENARIO

YEAR LINEAR - EXPONENTIAL| CHOSEN |FOR TIME INTERVAL
REGRESSION GROWTH SCENARIO |STARTING

1980 1340 1340 1340 10Z2 p.a.

1985 1749 2158 2158 10Z p.a.

1990 2202 3476 3476 9% p.a.

1995 2655 5598 5348 8% p.a.

2000 3108 9015 7858

The next step was to arrive at the number of toll calls made on an
average weekday. Thus, the following assumptions were made, based on
information gathered from the ITT 30/20 GHz study [5].

1) That all business toll calls are made on the 250 workdays of
the year;

2) That residential toll calls data may be broken down as

follows: .

i) 1042 of calls made during times when the 60% discount is
in effect, i.e., weekends and early morning hours

ii) 80% are made during times when the 35% discount is in
effect, i.e., 6 p.m. to midnight

iii) 10%Z are made during business hours with no discount;
and

3) The business/residential toll call mixture for the period of
interest is:

% OF ANNUAL TOLL CALLS

TIME INTERVAL | BUSINESS | RESIDENTIAL

1980~1989 54 46

1990-2000 57 43
4=24
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Applying these assumptions, the weekend toll calls were eliminated and then
the remainder was divided by 250 to obtain the number of ﬁoll calls made
during an average weekday. The number of calls during an average weekday is
equal to: the total number of annual calls x (1.0=.46x.1): 250. The results
are listed in Table 4.1.2=2. These figures show a large increase in the per
capita use of the telephone as shown in Table 4.1l.2<2. Even the linear
regression predicts an increase in per capita use of the long distance
telephone call.

Table 4.1.2=2: Forecasted Number of Toll Telephone Calls
Completed During Average Weekday (1980<2000)

FORECASTED NUMBER OF
YEAR | CALLS DURING AVG. WEEKDAYS
(THOUSANDS)
1980 5113
1985 8235
1990 13306
1995 20472
2000 30080

-

The percentage of daily toll calls made during peak hours of an
average weekday has been estimated by Brackett (Ref.6) and by Martin
(Ref. 7). These references were the only sources of traffic time
distribution found. From data in Ref. 6, page 96 the peak demand can be
calculated at 8.267% of the total daily calls. In reference 6 it had been
assumed that the demand between 12 midnight and 7 a.m. was zero. The

authors regard this as unrealistic and have assumed an average hourly demand.

of 12.9 per hour (90/7) for this 7 hour perioa. The distribution is as follows:
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Time Period- Traffic Percent
7- 8 40

8§~ 9 70

9 -~ 10 95

10 - 11 100 8.26
11 - 12 80
NOON - 1 p.m. 50

1 - 2 - 75 .

2- 3 100 8.26
3- 4 90

4~ 5 90

5- 6 90

6~ 7 60

7- 8 50

8§~ 9 : 40

9 - 10 40

10 - 11 25

11 - MIDNIGHT 25

From Figure 15.1, Ref. 7, the peak demand is 14.1%Z of the total daily

~calls. The peak hour, according to both sources occurs between 10 am and 11

am. A second peak of approximately the same magnitude occurs between 2 and

3 p.m. The 8.26% figure is used to calculate the minimum peak demand. An
increase of 25% upon the 1l4.l1 percent figure, i.e. 17.6% is used to calculate
maximum "busy”™ day peak demand. The average peak was calculated using the
median of the 8.26% and the 14.1% values.

Table 4.1.2~3: Forecasted Number of Toll Telephone Calls Completed
During The Peak Hour Of An Average Weekday (1980-2000)

-+

PROJECTED TOLL CALLS
DURING PEAK HOUR ('000)

YEAR MINIMUM| MAXIMUM{ AVERAGE
-1980 422 900 572.7
1985 680 1449 922.3
1990 1099 2342 1490.3
1995 1691 3603 2292.9
2000 2485 5294 3369.0
426
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In order to model the actual voice circuit usage, unsuccessful toll
calls must be accounted for as well as successful calls. Two statistical

analyses performed by personnel at Bell Laboratories, [8] [9], indicate that

- 70.7% and 69.0% of toll calls attempts are successful. An additional source

James Martin, [7] , estimates the success rate to be 68%. The analyses done
by Bell Laboratories were more extensive; and hence, a success rate of 70%
will be adopted for this model. The effect of the unsuccessful toll calls
will be applied in paragraph 4.1.2.2.5.

4.1.2.2.5 Asssumptions for Time Duration of Toll Call Attempts

To complete the model, the time duration for which toll call attempts,
whether successful or not, occupy the voice circuits must be accounted for.
This time duration was separated into connect and holdiﬁg time.

One of the previous Bell Lab analyses, [8], found the average connect
time for a successful and an unsuccessful toll call attempt to be 26.6 and
48.8 seconds, respectively. It is interesting to see that the author, K.S.
Liu, has included the connect time of additional attempts resulting from an
unsuccessful response on the first attempt. ITT, in their report, [5], used
a 45 second time for unsuccessful calls. Our model employed the values
generated by K.S. Liu, i.e., 27 and 49 seconds.

Once the two parties are connected, the time for which the circuit is
occupied is known as the holding time. This is the time for which the
customer is charged. A study [10] provides a breakdown of toll calls, made
in the Bell network, by mileage band, duration and total charge minutes
during 1975. This data has been reprinted as Table 4.1.2-4. Analysis of
this data yielded an average holding time of 322 seconds. ITT, [5], has
estimated that the average holding time will increase by 30 seconds per
decade. An increase of 15 seconds every five years was used in our model.
The projected average holding time assumed is listed in Table 4.1.2<5. As a
comparison, ITT assumed an initial average holding time of 360 seconds, in
1980, for their study.
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Table 4.1.2<4 Estimated Long Distance Messages (All Types)
According to Distance and Duration = Bell Canada, [ 10]
\ (on the annual basis ~ in millions)
Duration in Charged Minutes

6 min. Total % of Total
Rate Mileage lmin. 2min. 3 min. 4 min. 5min. &Over Min. Charged Min. Charged

0= 10 6.4 3.5 20 1.2 0.9 3.4 71.0. 2.7
11~ 14 124 71 4l 26 L7 59 125.3 4.8
1522 266 152 9.4 6.1 42 15.2 303.8 11.5
23~ 30 ‘150 100 6.5 44 3.1 11.8 222.3 8.4
31~ 40 13.4 9.3 63 44 3.2 128 231.9 8.8
41~ 50 7.6 5.5 3.9 27 2.0 8.6 151.9 5.8
51~ 60 6.1 4.6 3.3 2.4 1.8 8.0 . 138.2 5.2
61-80 . 6.5 5.0 3.7 2.7 21 10.0 169.0 WA
81100 42 3.3 25 1.8 15 7.3 123.9 47
101~130 5. 41 3.1 24 19 9.7 163.2 6.2
131<160 3.5 26 20 15 12 6.3 106.3 4.0
161200 21 L7 1.4 1.1 09 50 83.6 3.2
201250 3.8 29 23 17 14 8.4 142.8 5.4
251300 . 1.5 12 0.9 0.7 0.6 4l 68.2 2.6
301400 . 59 46 3.7 29 2.3 13.6 229.7 8.7
401-500 15 1.2 1.0 07 06 4.0 67.7 2.6
501~Over 43 3.5 29 25 2.2 147 278 9.0
124.1 853 59.0 41.8 31.6 148.8  2636.6 100.0

Table 4.1.2=5: Forecasted Average Holding Time Duration (1980<2000)

AVERAGE HOLDING
YEAR |TIME (SEC)

1980 337
1985 352
1990 367
1995 382
2000 397
4=28
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4.1.2.2.6 Determination of MTS and WATS Traffic Volume and Required Voice
Circuits

With a complete model, the telephomne traffic volume may be

calculated. The telephone traffic demand may be expressed as:
TT = (STC)(CTSC + HT) + (UTC)(CTUC)

where TT = total telephone traffic volume in call~seconds
STC = successful toll calls during peak hour
UTC = unsuccessful toll calls during peak hour
CISC = average comnnect time for suécessful toll call
CTUC = average connect time for unsuccessful toll call

HT = average holding time for successful toll call

But UIC = G—%a =~ 1) STC, based on a 704 success call rate.

& TT = STC (27 + HT + (-.-;-o-e 1)(¢49)),
or TT = STC [ 48 + HI] )

Using equation (1), and the data in Table 4.1.2-3 the projected
telephone traffic volume during the peak hour up to the year. 2000 was
calculated and is tabulated in Tables 4.1.2<6 to 4.1.2~8. To compute the
number of voice circuits required to satisfy the® traffic volume, statistical
queuing formulae were used. These formulae, developed by A.K. Erlang,

determine the number of circuits required given:
i) the traffic volume, i.e., calls x time duratiom,

ii) the grade of service required, and

iii) the number of trunks grouped together to form the line.
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The traffic volume has already been extensively dealt with. The
grade of service specifies the maximum percentage of calls which may be lost
or delayed for any reason and is often expressed as a decimal number between
ze:b and one. A typical system has a grade of service of 0.0l and this was
the value used in this model. This means that one call in 100 may be
"blocked”.

The third factor is one of efficiency. As the number of trunks
grouped together to form a line increase, probability dictates that more
customers may be served with the same grade of service. This is referred to
as "packing efficiency”. A group size of 100 trunks has been used in this
model. Larger group sizes were not used since the gain in “packing
efficiency” is slight for group sizes above 100 trunks. A group size of 100
trunks would optimize both the flexibility and packing efficiency of the
network.

Erlang tables, such as those found in [11], are often used to perform
the conversion of the traffic volume into voice circuits. For a grade of
service of 0.01, the capacity of the 100 trunk group is 84 Erlangs. An
Erlang is equivalent to 3600 call-seconds, i.e., one 4 KHz voice channel
occupied for one hour.

Table 4.1.2<6: . Forecasted Minimum Toll Telephone Traffic
and Duplex Voice Circuit Requirement during the
Peak Hour, for Years Between 1980 and 2000.

MINIMUM
TELEPHONE TRAFFIC DUPLEX VOICE
CCT REQ'D
YEAR |in 1 x 1P cs|ERLANGS ('000)
1980 162 45000 53.6
1985 272 75556 89.9
1990 456 126667 150.8
1995 727 .| 201444 240.4
2000 1106 307222 365.7
4<30
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Table 4.1.2-=7: Forecasted Maximum Toll Telephone Traffic and
Duplex Voice Circuit Requirement during the
Peak Hour, for the years between 1980 and 2000.

MAXIMUM

TELEPHONE TRAFFIC DUPLEX VOICE
CCT REQ'D
YEAR [in 1 x 106 cs*|ERLANGS ('000)

1980 347 96389 115
1985 580 161111 192
1990 972 270000 321
1995 1544 430278 512
2000 2356 654444 779

Table 4.1.2~8: Projected Average Toll Telephone Traffic and
Voice Circuit Requirement during the
Peak Hour, for the years between 1980
and 2000.

AVERAGE

-

TELEPHONE TRAFFIC DUPLEX VOICE
CCT REQ'D
YEAR |in 1 x 1P cs*|ERLANGS ('000)

1980 220.5 61247 72.9
1985 368.9 102786 122.0
1990 618.5 171798 204.5
1995 985.9 273874 326.0
2000 1499.2 416446 495.8

*cs = call—-seconds
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4.1.2.2.7 Projection of Voice Circuits Required by a Trans National Canada
Telephone Network

To determine the number of voice circuits that could logically be
carfied by satellite it was assumed that the toll call distances would be
greater than 300, 400, and 500 miles for the maximum, average and minimum
scenarios respectively. The distance of 300 miles does not remove traffic
high density corridors such as Toronto—~Ottawa, Toronto-=Montreal etc.

Traffic in such high density corridors could be handled by an EHF satellite
link. However the satellite portion of the market between 300 and 500 miles
is expected to be relatively low because of competing ground links. This is
particularly true in view of the rapid development of fibre optics. The
percentage of toll calls in the three scenarios are obtained from

Table 4.1.2=4 and are 20.3%Z, 11.6% and 9Z.

Using these figures, the projected number of voice circuits required
by a teleﬁhone network crossing the nation was calculated and has been
summarized in Table 4.1.2=9. These forecasted voice circuits represents the
total long distance demand which potentially could be captured by satellite
communications. The actual portion which is carried by satellite will be
determined in Section 4.3.

Table 4.1.2~9 Forecasted Number of Duplex Voice Circuits
Required by a Trans National Telephone Network
during the Peak Hours (1980-2000)

NUMBER OF VOICE CIRCUITS (bOOs)
REQUIRED TO CARRY TELEPHONE
CALLS OVER DISTANCES
GREATER THAN 300 MILES

YEAR MINIMUM MAXIMUM AVERAGE

1980 4.8 2323 8.46

1985 8.1 39.0 14.15

1990 13.6 65.2 23.72

1995 21.6 103.9 37.82

2000 32.9 158.1 5751
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4.1.2.3 Private Line Telephone Service Traffic Volume

The treatment of the requirements for private line service was
different than that of the public telephone traffic requirements. The
reaéon lies in the fact that private line demand is not dependent on
traffic volume but rather upon the necessity to provide dedicated links.

The use of revenue data was considered for the analysis but was not
adopted on the basis that it does not reflect the true situation. Also the
nature of private line tariffs is extremely complicated since it is a
function of the number of leased lines and the length of the links. These
factors make it practically impossible to dismantle the private line
revenues into its components. Hence, revenue data was not used in the
forecasting exercise. It also proved to be difficult to get actual data on
the existing numbers of private lines. The estimates below would include
private lines, utilization by governments, Crown corporations, military,
police and companies.

It was assumed that the number of private lines is a fixed percentage
of the MIS and WATS total traffic volume. The magnitude of the percentage
was estimated from information from the 30/20 GHz Fixed Communications
Systems studies performed by ITT [ 5 and Western Union [ 12], in the U.S.,
for NASA. Table 4.1.2~10 shows the percentage of the total projected voice
circuits which are used as private lines in the U.S. The average of these
percentages are also listed in the table. However, consultation with
various experts in telephony has led the authors to the conclusion that
these values are high, the United States has more private lines than Canada.
In Canada the percentage is closer to 20%Z of the total number of voice
circuits, or 25% of WATS + MTS.

Private lines = .2 Total
WATS -+ MTIS = «8 Total
Private lines = .25 (WATS -+ MTS)

For minimum, average and maximum cases percentages of 22, 23.5 and 25 were
used. Using these values and Table 4.1.2-9, the forecasted numbers of voice
circuits required on private lines to carry long distance calls over
distances greater than 300, 400 and 500 miles for maximum, average and
minimum cases respectively are determined. These figures do not represent

" the actual physical number of private lines.
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Table 4.1.2-10 Ratio of Private Lines to Total

Voice Circuits (percent)

YEAR ITT W.U. AVERAGE
1980 17.62 40.7% 29.2%
1990 |- 18.1% 37.8% 28.0%
2000 22.6% 33.5% 28.0%

Table 4.1.2-11 Forecasted Nuﬁber of Duplex Voilce Circuits
Required as Private Lines (1980-~2000)

FORECASTED NUMBER OF VOICE CIRCULITS REQUIRED
TO CARRY LONG DISTANCE TELEPHONE TRAFFIC OVER DISTANCES

GREATER THAN 500, 400 AND 300 MILES ('000)

YEAR MINIMUM MAXIMUM- AVERAGE
> 500 MILES > 300 MILES > 400 MILES
1980 1.0° 5.8 1.99
1985 1.8 9.8 3.32
1990 3.0 16.3 5.57
1995 4.8 26.0 8.89
2000 7.2 39.5 13.51
4=34
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4.1.2.,4 Summary of Voice Circuit Requirements (1980-<2000)

The summary of the voice circuit requirements between 1980 and the
year 2000 are presented in six tables. Table 4.1.2-12 to 4.1.2~14

summarize the MTS + WATS, private line and the total voice circuit requirements

for  the three

scenarios: 1) minimum, ii) maximum and iii) average.

Table 4.l.2<12 Forecasted Number of Duplex Voice Circuits

Required Under Minimum Scenario for Long
Distance Calls over 500 Miles (1980<2000)

MINIMUM NUMBER OF DUPLEX VOICE CIRCUITS REQUIRED ('000)
YEAR MIS & WATS PRIVATE LINE TOTAL
1980 4.8 1.0 5.8
1985 8.1 1.8 9.9
1990 13.6 3.0 16.6
1995 21.6 4.8 26.4
2000 32.9 7.2 40.1
Table 4.1.2<13 Forecasted Number of Duplex Voice Circuits

Required Under Maximum Scenario for Long
Distance Calls over 300 Miles (1980<2000)

-

MAXIMUM NUMBER OF DUPLEX VOICE CIRCUITS REQUIRED ('000)
YEAR MIS & WATS 'PRIVATE LINE TOTAL
1980 23.3 5.8 29.1
1985 39.0 9.8 48.8
1990 65.2 16.3 81.5
1995 103.9 26.0 129.9
2000 158.1 39.5 197.6
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Table 4.1.2<14 Forecasted Number of Duplex Voice Circuits Required
Under Average Scenario for Long Distance Calls over
400 Miles (1980-2000)

AVERAGE OF DUPLEX VOICE CIRCUITS REQUIRED ('000)
YEAR MIS & WAIS PRIVATE LINE TOTAL
1980 8.46 1.99 . 10.45
1985 14.15 3.32 17.47
1990 23.72 5.57 29.29
1995 37.82 8.89 46.71
2000 ~ 57.51 13.51 71.02
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4.1.3 DATA TRANSMISSION SERVICES REQUIREMENT

4.1.3.1 Introduction

The following section will address the data transmission sérvices
requirements. The data services are divided into two major categories. The
first comprises message/record services, such as TWX/Telex, facsimile and
electronic mail, while the second category comprises services related to

computer communications, i.e., terminal to computer or computer to computer
traffic requirments.

Data services, when carried over digital transmission facilities,
are extremely efficient. Thus, in spite of high data rates, the data
transmission services requirement is expected to be much lower than that of

the telephone and video broadcast.

4.1.3.2 Message/Record Services

This section deals with the traffic cﬁntributions generated by
message related data services, i.e., TWX/Telex, facsimile and electronic
mail. Related services, such as telegrams, cablegrams and money orders,
will not be considered due to either their declining usage or their
insignificant contribution to the traffic volume.

4.1.3.2.1 TWX/Telex

TWX and Telex are the teletypewriter service networks provided by
TCTS and CNCP, respectively. Both are low speed transmission services and
operate on their own switched circuit network on a dial-up basis.
Interconnections to other international teletypewriter networks are also
available. The differences in the services lie in their transmission speeds
and character coding. TWX uses ASCII code and is capable of transmitting
100 words per minute. Telex, on the other hand, operates on a five level
ITA No. 2 Code at 66 words per minute. Depending on the length of the
message, one service is less expensive than the other due to the difference

in transmission rates and the nature of the tariffs.
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The data traffic volume attributed to TWX/Telex was determined by
projecting the teletypewriter population to the year 2000 and multiplying it
by the average usage, i.e., the number of bits/year, of a typical
terminal.

The population of TWX terminals between 1971 and 1980, is shown in
Table 4.1.3~1 and Figure 4.1.3=1. The compounded growth rate of the total
number of teletypewriters, over the 10 year period, was a 2.1% p.a. Most of
this growth was attributable to connections onto circuit switched
teletypewriter exchanges which saw a 32 p.a. growth rate over the decade.

Connections onto private lines grew at l.4% p.a. over the decade.

The authors were unable to obtéin similar data on Telex from CNCP,
because CNCP regards this information as confidential. However a count of
the number of Telex addresses in the 1983 directory shows 65,000 listed
terminals. There are a considerable number of unlisted numbers, for
example, transmit only terminals are not listed. The number of unlisted
terminals may be 20 to 50% of the listed terminals. The number of TWX
terminals in 1983 is 14,000 while the estimated number of telex terminals is
about 100,000.
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Figure 4,1.3-1TWX TELETYPEWRITER TERMINAL POPULATION (1971-2000)
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Table 4.1.3«1 TWX (TCTS) Teletypewriter Population (1971 < 1980)

YEAR A TELETYPEWRITERS CONNECTED TO
PRIVATE LINES TTY EXCHANGE TOTAL
1971 5773 4484 10257
1972 5752 5187 10939
1973 5427 5211 10638
1974 5225 5286 10511
1975 5382 5382 10764
1976 5323 5286 10609
1977 6258 5099 11357
1978 6518 5034 11552
1979 6356 5803 12159
1980 6640 6041 12681
GROWTH RATE 1.4% 3.0% 2.1%
1971<80

Source: Statistics Canada; Telephone Statistics; Catalogue 56-203; 1971-80.
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It is expected that the total volume of TWX/Telex messages will
continue to increase with respect to time; however, 'teletypewriter
population will not. A. D. Little has forecasted that teletypewriter
population will peak im 1985 and then decline thereafter. ITT, agrees with
this forecast [5] and predicts a growth rate of =3% p.a. for the second
half of the 1980's and a =5%Z p.a. for the 1990's. Figure 4.1.3=2
illustfateg the forecast made by ITT. This trend reflects the substitution
effect of more efficient future services, especially electronic mail, for
the transmission of image~free messages. Table 4.1.3~2 shows the total
projected teletypewriter population (telex and TWX) in Canada using ITT's
growth rate assumptions. A growth rate of 3% p.a. was assumed for the
first half of the 1980's.

To convert the projected number of teletypewriters into data traffic
volume, the conversion factor of 28.8 kilobits/day was used. [5], [13].

This conversion factor was the product of the following assumptions:

1)  virtually all usage of the TWX/Telex networks occurs during the
250 business day in a year,

ii) a typical terminal transmits five message per business day,

iii) a typical message contains 120 wordé,

iv) a word consists of 6 characters, and

v) each character consists of 8 bits.

(The figure of 8 bits per character was derived from using 7 and 5
information bits for TWX and Telex, respectively [5]. This produces an
average of 6 information bits per character. Allowing two bits for start-~
stop and parity bits yields a total of 8 bits per character.)

&~ DAILY DATA TRAFFIC PER TELETYPEWRITER = 5 msg/day
x 120 words/msg x 6 char/word x 8 bits/char.
= 28.8 kb/day.
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Figure 4.1.3-2 ITT Forecast Of TWX/Telex Messages Per Year [5]
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Table 4.1.3«2 Total Teletypewriter Population(1980 = 2000)

YEAR NUMBER OF TELETYPEWRITERS
CONSTANT GROWTH PEAK AND DECLINE DIFFERENCE
SCENARIO SCENARIO

1980 103,260 103,260 0

1985 119,700 119,700 0

1990 138,770 103,260 35,510
1995 160,880 79,900 80,980
2000 186,500 61,830 124,670
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Table 4.1.3-=3 illustrates the projected data traffic volume due to
TWX/Telex.

187% of the daily traffic on private and WATS occurred during the peak hour.
This value is higher than that used for telephone usage and reflects the

Discussions with Bell Canada personnel yielded an estimate that

predominantly business usage of these lines. This is also one case for
TWX/Telex. Thus, it has been assumed that 18% of the daily TWX/Telex
traffic volume occurs during the peak hour.

ITT, in their report, [5], estimated that 80% of TWX/Telex traffic
qualified as long distance traffic, i.e., over 200 miles. In the absence of
any opposing data, this assumption has been adopted for this repotrt. The
long distance peak hour traffic is tabulated in the third column of Table
4.1.3-3.

Table 4.1.3=3 Forecasted Long Distance TWX/Telex Traffic
Data Rate Requirements Volume (1980~2000)

YEAR DAILY TRAFFIC | PEAK HOUR DATA RATE PEAK HOUR DATA RATE
Mbits/day kbps kbps
1980 2974 148.7 119.0
£ 1985 3447 172.4 137.9
1990 2974 148.7 119.0
1995 2301 115.1 . 92.1
2000 1781 89.1 71.2
heliy
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4.1.3.2.2 Facsimile

Facsimile machines are used for electronic transmission of an image
for. reproduction purposes. Pictures, graphics and printed matter are prime
candidates for facsimile transmission. The page to be transmitted is
scanned line~by-~line, the information is encoded, transmitted, and then
decoded and printed at the receiving station. The resolution desired
determines the number of scan lines required per page. The greater the

resolution, the greater the number of scan lines.

First generation facsimile devices were mechanical in nature and

operated at slow speeds, typically two to six minutes per page. The maximum

transmission speed is limited by the maximum speed of the rotating drum
employed in many of these machines. First generation facsimile represent a

large portion of the total facsimile population and are particularly
applicable to low volume usage requirements.

Second generation facsimile have been developed. The rotating drums
have been replaced by flat<bed scanning, and document feeders have been
added; thus, enabling higher operating speeds. Medium speed facsimile can
handle a page in one to two minutes, while a high speed facsimile can

transmit a page in less than a minute.

Data compression techniques are another important feature of second
generation facsimile. One page of 8%"x11" paper consists of approximately
935,000 bits of information in uncompressed form. [12]. With data
compression techniques, a page can be reduced to between 150,000 to 200,000
bits. For high resolution reproduction, 450,000 bits per page, after data
compression, would be a very reasonable figure. There is a trend to
increase the resolution of the transmitted page in the future. To
accommodate this trend, it has been assumed that a page transmitted, by
facsimile, comprises an average of 300,000 bits.
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The approach to determine the data traffic volume due to facsimile
transmission will be similar to that used for the TWX/Telex analysis. Firm
information on the installed base of facsimile is virtually non~existent.
R. W. Hough and Associates Ltd., [14], has made an estimate of this number
for the period between 1975 and 1985. Figure 4.1.3=3 and Table 4.1.3<4
illustrates their estimate.

‘ Western Union, has estimated a 13% p.a. growth rate for facsimile
machines in the U.S. between 1980 and 1990 [12]. ITT, predicted a similar
growth rate of 12% p.a. for the same period and that during the 1990's,
there would be a 10%2 p.a. growth rate [5]. This study uses 13% p.a. for the
1980's, and 10% p.a. for the following decade. '

For comparison purposes, Table 4.1.3~4 lists the reports' estimate of
Canada's installed facsimile base along with that of ITT's and Western Union
for the U.S. ITI's and Western Union's forecasts agrees to within 10%Z of
each other. 1If the basic rule~of~thumb of 10:1 for U.S. versus Canadian
data is applied, the reports' forecast parallels the U.S. predictions, but
with a five~year time lag.
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Table 4.1.3~4 Facsimile Population (1975 = 2000)

YEAR "R. W. HOUGH ITT W.U,
1975 4,000
1978 8,000 185,800
1980 13,000 290,000 238,400
1985 28,000 511,000% 444,700
1990 51,600 901,000 829,300
1995 83,100 1,451,000%%
2000 133,800 2,340,000

* Assumes 12% p.a. Growth Rate

*% Agssumes 10% p.a. Growth Rate
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This correlation ends with the installed base of facsimile, however,
since their estimates of the daily traffic volume per terminal are

completely different, as i1llustrated by Table 4.l.3-=5.

The. Western Union estimates were determined via a weighted average
methodology. Table 4.1.3<6 depicts the facsimile population by type and
usage, as assumed by Western Union [12]. The low speed machines were
considered as first gemeration, while the medium and high speed machines
were second generation. A typical page on these machines comprise 150,000
bits. The speclal purpose facsimile 1s used for high resolution graphics
transmission at an average of 450,000 Bits per page. The results of this
exercise are tabulated in Table 4.1.3-5.

ITT, on the other hand, made the following assumptions on facsimile
usage [5]:

A) 1) a typical terminal will transmit 1300 pages/year, or 5.2
pages/day, in the 1980's;
1i) a typical terminal will transmit 2600 pages/year, or 10.4
pages/day, in the 1990's; and ‘

B) a typilcal page comprises 300,000 bits, reflecting the desire for

a higher resolution reproduction.

As for the estimates used for this report it was decided to follow
ITT's assumptions [ 5| . However, the doubling of' the number of transmitted
pages in the 1990's seemed rather abrupt. Thus, in this report ITT's
increase was halved, i.e., a typical terminal would transmit 2600 pages/year

or 10.4 pages/day by the year 2000yas shown in Table 4.l.3~6a.

The data traffic volume attributable to facsimile transmission over
the next two decades on a daily, peak hour, and peak hour long distance
basis are tabulated.in Table 4.1.3=7. The peak hour traffic volume assumes
even distribution of the daily traffic volume over the 8 hours in a normal

business day. The percentage of long distance traffic in column 3 of
Table 4.1.3~7 were based on ITT's estimates.
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Table 4+1.3~5 Comparison of Daily Traffic Volume Estimates,
Generated by a Typical Facsimile Terminal by U.S. EHF Studies

(bits/day/terminal)
- YEAR ' WESTERN UNION ITT CAL
1978 1.57 x 10° |
1980 1.32 x 10%* 1.56 x 10° 1.56 x 10°
1990 1.27 x 10° 3.12 x 102 2.34 x 10
2000 3.12 x 10° 3.12 x 10

* Linear Interpolation

Table 4.1.3«6 Facsimile Population by Type and Usage as Assumed by
Western Union[ lq

TYPE A 1978 1990

POP. % POP USAGE POP. |% POP USAGE
LOW SPEED 167,000 |90 3.8 pg/day | 717,000 |86 3.8 pg/day
MED. SPEED 3,400 1.8 | 12 pg/day 13,900 | 1.7 12 pg/day
HIGH SPEED 5,400 2.9 | 12 pg/day 78,200 | 9.4 21.6 pg/day
SPECIAL 10,000 5.3 | 40 pg/day 20,200 | 2.4 40 pg/day
TOTAL 185,800 829,300

Table 4.l.3<6a Pages Transmitted per Day per Terminal

-

YEAR | PAGES/DAY/TERMINAL

1980 5.2
1985 5.2
1990 7.8 :
1995 7.8
2000 10.4
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Table 4.l.3=7 Forecasted Facsimile Traffic Data Rate
Requirements (1980~2000)

YEAR| DAILY TRAFFIC*|PEAK HOUR DATA RATE| PERGCENT THAT | PEAK HOUR LONG
Gbits/day Mbps | GOES LoONG DISTANCE DATA RATE

DISTANCE Mbps

1980 20.3 0.70 35 0.25

1985 43.7 1.52 35 0.53

1990 .120.7 4.19 50 2.10

1995 194.5 6.75 50 3.38

2000 417.5 14.5 ' 60 8.70

* Daily Traffic = pages per day x No. of terminal (R.W. Hough) x 300,000
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4.1.,3.2,3 Electronic Mail

*Over the past decade, electronic mail has been a subject of major
discussion throughout the world. There are advantages in transmitting
business maill electronically. The most obvious one 1s the speed imn which a
letter could be sent, reliably, over that of the conventional postal system.
The time saved translates into financiai sayings and increased office
efficiency. As the business world proceeds with office automation, and in
1ight.of«the potential advantages, the development of electronic mail

systems into the office of the future appears inevitable.

~ This process has already begun in Canada. In 1976~1977, the Canada
Post Office introduced its electronic maill service, Telepost. Since its
inauguration, the service has grown steadily. During 1978~79, over 400,000
Telepost messages were sent over the leased CNCP facilities [ 15] . This
number increased to 658,989 transmitted messages in 1979-80. In competition
against Telepost, the Computer Communications Group (CCG) of TCTS has
planned the introduction of Teletex in late 1982. Téletex would allow
communicating word processors and electronic memory typewriters to transmit
a business letter locally, natiomally or internationally in about 10

seconds.

The contribution of electronic mall to data traffic was considered in

two components. These components are the electronic maill capture of

“conventional” mail and Telex/TWX wmessages.

4.1.3.2.3.1 Telex/TWX Message Caﬁture

In Section 4.1.3.2.1, it was noted that part of the TELEX/TWX message
data traffic volume will be transmitted as electronic mail. The captured
data traffic volume was determined by calculating the difference in
teletypewriter population between the two growth scenarios in Table 4.1.3<1
(linear vs peak and decline growth), and multiplying by the estimated
traffic generated by an average teletypewriter. Table 4.1.3~8 tabulates the
captured TELEX/TWX message data traffic.
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Table 4.1.3-8 Projected Electronic Mail Data Traffice Through TELEX/TWX
Message Capture (1980 -« 2000)

DAILY PEAK HOUR PEAK HOUR

YEAR| TRAFFIC DATA RATE |LONG DISTANCE
Mbits/day kbps DATE RATE kbps

1980 0 0 0

1985 0 0 0

1990 1023 51.3 40.7

1995| 2332 116.4 93.6

2000 3590 179.1 143.3

4.1.3.2.3.2. Conventional Mail Capture

The methodology adopted to determine the data traffic resulting from
electronic transmission of conventional mail was to project Canada Post
Office (CPO) mail statistics to the year 2000 based on the existing 1971-~80
database [ 15| . The percentage of mail which could be captured was then
estimated. Finally, the number of pieces of mail was converted into data
traffic by assuming average number of bits contained in a piece of mail.

Table 4.1.3~9 and Figure 4.1l.3~4 depict the historical and projected
growth of the volume of originating First Class mail. What Figure 4.1.3<4
illustrates is that there was a declining annual growth rate between 1971
and 1975. A linear fit of this data yields a correlation factor of 0.9986.
The volume of originating First Class mail grew at an average of 197.3
million pieces annually over the five year period. However, an airline
strike in 1976 brought an end to the trend. A partial recovery was
established in 1977 only to be eliminated by a postal strike in 1978. Since
1978, the original trend seems to have reappeared but exhibits a faster
decline in its annual growth rate. This was probably the result of mail
volume lost to couriers or alternative services from the postal service
interruptions. The projection of mail volume to the year 2000 was based on
the data from 1978 to 1980. The correlation of the linear fit to this data
was 0.9918. The average annual growth over five year periods were 3.5% p.a.
(1980~1985), 3.0% p.a. (1985~1990), 2.6Z p.a. (1990~1995), and 2.3% pea.
(1995-2000). The projection may be optimistic in light of the postal rate

increases in 1982. 4=53




T ] ¥ ¢ ] g T ¥ @
_ 1 8
| |
K
-] <§
o
4y o
F:l
J % M
3
J w ©
b EE ]
]
| g 2
o0 w ”
13 o
o o ..%
iy m h
o
“ 18 1
w “°
_ A oo -
™~ .
L 4
| {1 R 8 \
ﬁ &
V ] = -
)
— m | z
m ™~
g | 2 5 2 & 2 & C . 2
m w0 ™ o w w < < ™ ™ o
m { SHOETVIG ) SSVID 35T - MVH 9NILVNIDIYO S0 IHNTOA




EHF FINAL REPORT

Table 4.1.3<9 Volume of Originating Mail < 15% Class (1971 ~ 1980)

(In Hillions)[ lﬂ

YEAR lsc CLASS TOTAL % OF TOTAL PER CAPITA
VOLUME
1971 2723 4553 59.8 128
1972 2936 4713 62.3 136
1973 3141 4751 66.1 144
1974, 3347 5074 66.0 151
1975 3504 5316 65.9 156
1976 3244 4941 65.7 142
1977 3687 5804 63.5 159
1978 3610 5965 60.5 153
1979 3725 6056 61.5 157
1980 3906 6409 60.9 163
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It should be noted at this point that electronic mail will never
fully replace our present postal system. Table 4.1.3~10, shows the
breakdown of originating mail by type, for the fiscal year ending in 1974,
used to determine the potential electronic mail market[ 1q . Parcels,
considered as fourth class mail, will obviously be unaffected. Advertising
mail (third class), on the other hand, would be an excellent market.
However, most advertisements are local in nature and even national
advertisement would require only a single transmission to each desired city
to serve as a master. Hence, although advertisement via electronic mail
will occur, its contribution to long distance data traffic would be
negligible. Second class mail, such as magazines and newspapers, will be
electronically transmitted in the future, not as eletronic mail but rather
as a DBS service, like Telidon. Thus, the potential market exists only in
first class mail.

Table 4.1.3~10 also lists the anticipated percentage of electronic
mail capture. It is estimated that eventually 34% of the first class mail
volume will be replaced by electronic mail. Assuming it takes twenty years
to reach market saturation, Table 4.1.3-11 illustrates the projected data
traffic due to the capture of conventional mail.

The factor of 102,750 bits/piece of mail used to convert the pieces
of mail into bits/year was derived as follows:

i) one digital page contains 32640 bits, i.e., 8.5 x 8 lines/inch x
6 inches x 10 char/inch x 8 bit/char.

ii) one digital page has a £ill factor of 80%.
= iii) one facsimile page contains 450,000 bits.

iv) one out of every ten pages is a facsimile page.

iv) an average page contains 74376 bits, i.e., 0.9 x 32640 x 0.80
+ 0.1 x 450,000.

vi) an average business letter comprises 1.5 pages of informatiom,
i.e.y, 102,750 bits.
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Taking this process one step further, one may assume that half of the
letters are sent during the 8 business hours on each of the 250 business
days in a year. Thus the long distance electronic mail data traffic is 507%

of .the transmission capacity required during the normal business hour.

It can be seen that the contribution due to Telex/TWX is negligible,
and is roughly three orders of magnitude lower than that of conventional
mail. Thus, Table 4.1.3~11 also represents the total forecasted electronic

mall data traffic over the next two decades.

Table 4.1.3-10 Volume of Originating Mail by Type 1973 ~ 1974 { 16]

TYPE CLASS|{Z of | % OF |% CAPTURED |% CAPTURE
ToTAL|15% cLAss|oF THIS TYPE|TIMES
MAIL |OF MAIL % 15% crass

Transaction (cheques, bills,

statements, purchase orders,

etc.) | | 15¢ | 40 60 40 24.0

Personal Correspondence ISt 13 20 0 0

Business Correspondence 18t 9 14 50 7.0

Government Correspondence 18¢ 4 ‘6 50 3.0

Magazines & Newspapers 2nd

Advertising 3rd 23

Parcels 4th 1

TOTAL 100 100 —_— 34.0
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Table 4+143~11 Projected Electronic Mail Data Traffic Through Capture of
Conventional Mail (1980 -~ 2000)

YEAR | ANNUAL VOLUMES |Z CAPTURE| DAILY EM |PEAK HOUR{ LONG DISTANCE
1% cLass 1%%crASs |DATA TRAFFIC|DATA RATE|PEAK HOUR DATA RATE
MAIL (MILLIONS) 10° BITs/pAY| MbPS Mbps
1980 3906 0 0 0 0
1985 4635 7 133.4 4.6 2.3
1990 5375 17 187.8 6.5 3.3
1995 6115 27 338.3 11.8 5.9
2000 6855 34 479.0 16.6 8.3
YEAR |VOLUME 1% CLASS MAIL | PEAK HOUR DATA RATE
PER CAPITA PER CAPITA (Mbps)
1980 163 0
1985 182 .091
1990 200 .123
1995 219 211 °
2000 237 .287
4m58
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4.1.3.3 Computer Communications Data Traffic

The following section discusses the contributions of computer
communications to the total data traffic volume. Computer communications,
due to the nature of its' services, (such as database transfers and remote
job entries) has always generated more data traffic than the message/record
services described in the preceeding section. In Section 4.1.3.4, it can be
seen that computer communications represents roughly 857 of the total data

traffic volumes.

Computer communications has exhibited a substantial growth over the
last few years. This trend is expected to continue until the latter part of
this decade when saturation will be reached. This growth is attributable to
reduction in the costs of "smart" terminals, microcomputer and minicomputers.
Smart terminals are typically multi~functional user-~programmable CRIs. They
have shown increased market penetration because of two reasons: 1) their
substitution of older, outdated terminals which had almost no user~
programmable capabilites, and ii) their acceptance as powerful and flexible
tools. Likewise, micro and minicomputers are gaining in popularity. They
represent an economical form of limited computing power that fits into the
trend towards distributed processing and remote time~sharing. Although these
terminals tend to reduce the amount of data transmitted by use of some
preliminary processing; their capabilities induce manipulation of data.that
was unthought of in the past, and hence, their use results in the .
transmission of more data bases.

The two components of computer communications are terminal to
computer, and computer to computer. Services generating terminal to computer
traffic are usually interactive in nature, operating in an inquiry/response
mode. Examples of such services are air-line reservations, on~line banking,
inventory control and credit verification. While the services possess the
majority of terminals active in computer communication they generate only a
volume of data which is not of great significance to this study. Since there
are interactive services, the terminals are connected to low speed'data line
in order to be ecomomically feasible, and hence are limited to low data rate.

Fortunately, most of the services are not hindered by low data rates.
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Traffic generated by point of sales (POS) terminals, automatic
sensoring and metering systems are not included. These services produce a
low volume of data, and more importantly, are local in nature. Thus, their

impact need not be assessed.

The second component , computer to computer traffic is not as well
known because our exposure to it is minimal. Distributed processing and
electronic funds transfer (EFT) are the major contributors of computer to
computer traffic. Distributed processing implies the creation or
modifications of local data bases which are transferred to other processors,
via high speed lines. On the other hand, EFT traffic is generated by
clearing house operations. A cheque is estimated to contain 1000 bits of
information in the account number, bank and the funds to be transferred [ 17].
With the large volume of cheques which are cleared, the data traffic
countribution of EFT is significant.

Computer to computer throughput traffic will not be considered. -This
applies primarily to dataspace application in which a processor is used to
retransmit data from another processor. In other words, only originating

computer to computer data will be treated.
4.1.3.3.1 Network Configurations

Prior to embarking on the analysis, it is worthwhile to consider the
applications, and transmission line requirements of current coﬁfiguratious of
computer communications networks. In their survey, Price Waterhouse, [19]

identified the following four configurations:
i) single node~interactive;
ii) single node~remote batch;
iii) multi-centre network with central processing; and

iv) wmixed network

These networks will now be discussed.
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The first network configuration is an interactive single node or star
network. The network consists of numerous terminals scattered across the’
country, all connected to a central computer, typically a medium or large
scale mainframe. Aifline reservations, on~line banking, on~line entry,
inventory control, and credit checking appiications are chéracteristic of
this configuration. The terminals are normélly real~time and highly
interactive, although timewsharing systems are also used to a lesser extent.
The amount of data sent is low and occurs randomly. As a result of this,.low
to medium speed (150 to 2400 bps) lines are employed with regional

multiplexers and concentrator stations to optimize line usage.

The single node remote batch system network used by the service
bureaus is the second configuration. This network comprise remote batch
terminals or minicomputers connected to a very large central computer, such
as an IBM 370/165. The access lines may be leased or dial~up, but due to the
heavy throughput requirements the lines have high speed capabilities,
typically 2400 to 19200 bps. The central computers are located in Toronto,
Ottawa and Calgary.

A multi~center network with central processing is a third
configuration. This network would be used by institutions with very heavy
daily processing loads, such as the major banks, and would consist of
several small computing centers connected to a large central computer
complex. Data is collected ét the smaller centers and perhaps, processed or
concentrated before being transmitted to the central computer. files‘are
updated at the central computér and then sent bdck to the smaller centers for
distribution. The central complex is usually located in Toronto, Moqtreal,

Calgary, Edmonton or Vancouver.

A fourth configuration is a mixéd system, where the network has more
than one major node. Connecting the nodes are high speed lines, capable of
handling at least 9.6 kbps. In the majority of cases, 19.6 or 50 kbps data
lines are employed. Characteristic usage of this network includes computer
to computer transmissions, high speed file transfer; processing load sharing,
and backuﬁ and redundancy support functions. This network is used by large
institutions within banking, resource, transportation and utility industries
that have several major operational centers across the country.
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4.1.3.3.2 Sources of Reference

The database for this analysis was formulated from three major
sources. The first is the annual Canadian Computer Census by the Canadian
Information Processing Society (CIPS), [ 18] . Detailed raw data is provided
in the census but the data requires refining to make it useable. Some
summary tables are included, giving a breakdown of the computer installationm,

by province and rental class.

The second source is Datacom '76, Results of a Survey of
Computer/Communications Facts and Opinions, by Price Waterhouse and
R. W. Hough, [ 19] . Eighty~eight major data communications users were _
contacted, of wﬁich 74 responded. Eight of the 74 respondents chose to

express their opinions rather than to provide data.

- A sample size of 74 companies is by no means as compreﬁensive as the
CIPS Cencus; however, these companies represent the major players in their
respective industries and provides an excellent insight into the nature of
computer communications. A breakdown of the industrial respondents showed '
there were 21 financial institutions, 11 service bureaus, 6 resource

comapnies, 17 manufacturing companies, 10 transportational utility companies,
and 9 wholesaler/retailers.

The assets of the financial institutions totalled $80 billion,
roughly 60% of the assets of the Financial Post's Top 50 Financial
Institutions. The industrial companies represent 40%Z of the sales of
Financial Post's Top 100 Industrials, with total sales of $30 billion. The
wholesalers/retailers have total sales of $8 billion, equivalent to 35% of
the sales of the Financial Post's Top Merchandisers. The service bureaus
have been estimated to have contributed about 35%Z of the industry's
revenues. The respondents owned plants located across Canada to provide

nationwide coverage.
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Some of the finding of the Datacom '76 survey provides an interesting

insight into the characterisitcs of computer communications[ 19] . A partial

list of their findings are given below:

1)

ii)

1ii)

iv)

"92% of the data communications circuits used by the respondents

are low to medium speed (2400 bits per second or less), but a very

large amount of traffic flows through the small percentage of

lines which are high speed.”

"On=line banking, video display, teletype and point~of~sale
terminals, all of which are low speed, Interactive devices,
comprise 92% of the terminals in use. Only 5% of the terminals
are remote batch, but these trénsmit 73% of the data
communications traffic.”

“"Computer Communications traffic in Canada i1s large and growing.
The respondents transmit and receive some 4.9 billion characﬁers
per day. This traffic is highly concentrated geographically.
Virtually all of it flows to and from computer centres in six
cities = Toronto, Montreal, Ottawa, Calgary, Edmonton and
Vancouver. Toronto computer centres alone account for 67Zof the
traffic flow."

"Computer service bureaus are large contributors to data

communications traffic, accounting for 42% of the volume reported

-+

in the this survey."”

The third source is "The EDP Guide =~ Computer Communications"”,

volumes 1 and 2, by R. W. Evans Assoclates Ltd., [20]. The report considers

the many facets of computer communications. The common carriers, theilr

network configurations, the telecommunications market, and the computer

communications market in Canada are among the topics discussed in detail.
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4.1.3.3.3 Data Traffic Analysis

The survey performed by Price Waterhouse, [19], on computer
communications has detail and breakdowns of the number of terminals and data
traffic generated by industry and type of terminal. Their results are shown
in Tables 4.1.4~12 and 4.1l.4-13. Thus, the methodology used to forecast
computer/communications data traffic was to apply anticipated growth rates to

the Price Waterhouse statistics.

Since Price Waterhouse's statistics were derived from a limited
database, the figures were scaled up to represent the full industry in 1976.
The scalars employed were based on the shares the companies contributed to
their respective industries' total assets. This point had been discussed'at
the beginning of this subsection. Hence, a scalar of (.60)61 or 1.67 was
used for the financial industry. Reéources, manufacturing and transportation
uéilities were adjusted by a multiplier of 2.5. The remaining industries,
i.e. service bureaus and wholesale/retail, used a factor of 2.86. Table
4,1.4=14 1llustrates the adjusted figures. It was assumed a character

comprised 10 bits, 8 for information and 2 for overhead.

Growth rateé were then applied to project these figures up to the end
of the century. Table 4.1.4~15 lists the assumed growth rates used, based on
terminal type. The rates used by the reports were the general concensus of
CAL's estimates, R. W. Evans, CIPS, IIT and other sources, [ 5, 18, 20, 21].

The forecasted computer/communications data traffic volume is shown
in Table 4.1.4~16. The average annual growth rates per half decade periods
up to the year 2000 are 21.9%, 16.47%, 11.7% and 10.0%. This translates into
an average annual growth rate of 14.9% p.a. over the next 20 years, a very

reasonable estimate.
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The number of terminals, listed in Table 4.1.4—~13, were also
adjusted. The results is shown in Table 4.1.4-17. From this table, the
total number of terminals was 41854. This value was low when compared to
the 50,422 and 55,400 terminals estimated by R. W. Evans, [22] and R. W.
Hough, fl&], regspectively. Averaging these three estimates yielded 49225
terminals connected in 1976. From this, three scenarios were generated: i)
minimum, 1i) average and 1ii) maximum. The previously calculated figure
(41854) was édoPted as the minimum scenario. The avérage and maximum
scenarios were obtained through scaling the minimum scenario by
49225/41854 = 1.176 and 55400/41854 = 1.324. Table 4.1.4~18 summarizes the

forecasts for each of the three scenarios.

All that was required to complete the analysis was to estimate the

amount of long distance traffic. Price Waterhouse, [19], also provided a

breakdown of the origin and destination of the surveyed traffic volume. This

has been reprinted as Table 4.l1.4-19. Local traffic accounted for 47.3% of
the transmitted data. Removing the links which would be handled using

terrestrial facilities, Ottawa, Montreal and Toronto, it was determined that

32.04 of the traffic would be long distance. Table 4.1.4~20 lists the long

distance traffiec forecasted for the three scenarios.
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Table 4.1.4<12 1976 Data Communications Traffic by Industry and Type of
Terminal (Millions of Characters Per Day) (54 Companies
Reporting) [ 19]

Remote | CRT |TTY Other, Computer |Industry
Batch Terminals|to Computer{ Total
Financial 270.4| 8l.1]24.1} 121.2 182.0 678.8
Service Bureaus 2,018.7| 0.4[28.3 ~— o~ 2,047.4
Resource 512.11142.7} 9.0 6.6 - 670.4
Manufacturing 304.6( 28.5| 4.9 28.1 45.9 412.0
Transportation and Utilities}] 236.7)323.5)13.3 251.6 ~23.8 848.9
Wholesalg/Retail 197.3] 7.3} L.1 6.8 ~ 212.5
Total for type of terminal |[3,539.8(583.5{80.7| 414.3 251.7 4,870.0
Percent of Grand Total 72.7%2}12.0%|1.7% 8.5% 5.2%
Table 4.1.4~13 1976 Terminals by Type and Industry [ 19]
Remote| Video| TTY | Other| Total
Batch | (CRT)
Financial Institutions ‘50 549 635| 8,997| 10,231
Service Bureaus 580 24 11,524] =<~ 2,128
Resource _ 109 50 73 104 336
Manufacturing 119 550 197 960§ 1,826
Transportation and Utilities| 41 ]3,705 828 139} 4,713
Wholesale/Retail 66 44 20 404 534
965 4,922 |3,277]|10,604| 19,768
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Table 4+l.4~14 Adjusted 1976 Data Communications Traffic by Industry and Type
V of Terminals. (In Megabits per day)

Remote CRT | TTY Other Computer |Industry

Batch Terminals|{to Computer| Total
Financial 4,507 1,352 402} 2,020 3,033 11,314
Service Bureaus 57,677 11} 809 = - 58,497
Resource 12,803} 3,568} 225 165 - 16,761
Manufacturing - 7,615 713| 123 703 1,148 10,302
Transportation and Utilities|{ 5,918] 8,088} 3331 6,290 595 21,224
Wholesale/Retail 5,637 209 31 194 - 6,071
Total for Type of Terminal 94,157 13,94111,923| 9,372 |, 4,776 124,169
Percent of Grand Total. 75.8%] 11.2%| 1.6Z 7.6% 3.8% 100%

Table 4.1.4~15 Assumed Growth Rates by Type of Terminals

TERMINAL TYPE

Time Interval Batch CRT TTY OTHERS | COMPUTER TO COMPUTER
1976-1980 347 427 10% 35% 24%

1980~1985 20Z 30% 52 15% 20%

1985<1990 15% 20% 5% 154 15%

1990~1995 10% 15% 54 15% 102
1995-2000 10% 10% . 5% 107% 107
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Table 4.l.4<16 Forecasted Data Communications Data Rate by Type of
Terminal for 1980 < 2000 Period in Mbps During Peak Hour

TERMINAL TYPE
REMOTE | CRT |TTY |OTHERS |COMPUTER TOTAL GROWTH RATE

TIME |BATCH TO COMPUTER p-a.

1980 | 10.54 | 1.97 | 0.10{ 1.08 0.39 14.1 :

1985 | 26.23 | 7.31 | 0.13] 3.30 0.98 38.0 21.9%

1990 | 52.76 | 18.19 | 0.16] 8.21 |  1.96 81.3 16.4%

1995 | 84.97 | 36.58 | 0.21 16.52 3.16 - 141.4 11.7%

2000 [136.84 | 58.91 | 0.26( 26.60 5.09 227.7 10.0%
14.9%

Table 4el.4<17 Adjusted 1976 Terminals by Type and Industry

REMOTE VIDEO TTY QOTHER TOTAL

BATCH (CRT)
Financial Institutions 84 915 1,059 | 14,995 17,053
Service Bureaus 1,658 69 4,355 = 6,082
Resource 273 125 183 260 841
Manufacturing 298 1,375 493 | 2,400 4,566
Transportation and Utilities| 103 9,263 2,070 348 11,784
Wholesale/Retail 189 126 58 | 1,155 1,528

2,605 11,873 8,218 | 19,158 41,854
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Table 4.1.4~18 Forecasted Data Communications Data Rate for
1980-<2000 Period in Mbps During Peak Hour

TIME MINIMUM SCENARIO AVERAGE SCENARIO MAXIMUM SCENARIO
(Mbps) (Mbps) (Mbps)

1980 14.1 16.6 18.7

1985 38.0 44,7 50.3

1990 81.3 95.6 107.6

1995 l41.4 166.3 187.2

2000 227.7 267.8 301.5
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LOCATION OF COMPUTER CENTRE

Table 4.1.4-19 Origin and Destination of Computer Communications

Traffic Volumes ( Percent Distribution )

[19].

Terminal Location Vancouver | Calgary | Edmonton H(nnlpeg London | Toronto Ottaui- Montveal | llalifax ] TOTAL
N.W.T./Yukon .016 026 ., 002 .00
| Vancouver /Victoria e an2 022 160 011 £92
| B.C., Other 1,190 1,472 ,051 ,015 2,273 .002 .031 5.034
Qﬁ]gagg[Alhegtn South 014 2.110]' 2,905 . 004 3.317 L105 .016 8.471 .
Edmonton/Alberta North ,031 6732} 041 006 ,881 004 132 1.768
Repina/Saskagchewan 049 020 024 L002 1 2,487 (171170 01213 2. 659
| Winnipeg Manitoba ,054 415 ,008 023 Y 006 | 2.302 006 } _3.996 4660
Thunder Bay/dorthern .031 .008 1.196 165 .099 1.499
Ontario
Hindsor /London /Sarnia 004 .002 . 002 .014 1,291 ,205 .086 1,608 |
‘| Hamilcon/Niagara Penn, . 004 .010 2,135 2 . 002 . 016 2,167
Toronto/Kitchener/Barrie 215 002 ,051 . 059 32,280 .3612 . 189 33,232
Cornwall /Eastern Ontario . 004 ,218 2535 2152
Ottava/tull .021 006 | 3,257 2| 6,450} 138 2 9876
Montreal Area .173 ,002 ,016 016 | 9,460 2] 1,002 5,803 16,516
Quebec City ,002 L4817 .055 _.202 .748
Cuebec Other N .656 .222 . 628 1,504
Hew Brunswick .004 .49 .006 .081 | .043 | 613
._zzigce Edvuard Island .021 . 004 ] .025
. { Newfoundlapd 176 .083 ,012 271
Hova Scotla . 006 1,790 ,036 . 282 L 041 2,155
U.S.A. ,080 .028 . 024 }.715 2,108 2336 4,49}
Furope 2437 120 557
| Asia 010 010
| Mexico & South America .132 .132
Africa
TOTAL 2.259 4.721 3,087 ~221 .160 66,962 10.759 | 11.723 .09 |100.00
Isolation:

Level 1 = 52.7% L.D.
Level 2 = 32.0% L.D.
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Table 4.l.4<20 Forecasted Long Distance Data Communications Data Rate

for 1980<2000 Period in Mbps During Peak Hour

TIME MINIMUM SCENARIO AVERAGE SCENARIO MAXIMUM SCENARIO
(Mbps) (Mbps) (Mbps)
1980 4.5 5.3 6.0
1985 12.1 14.3 16.1
1990 26.0 30.6 34.4
1995 45.3 53,2 59.9
2000 72.9 85.7 96.5
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4.1.3.4 Summary of Data Services Requirments

A summary of the data rates required during the peak hour for long
distance transmission for the average scenario is shown in Table 4.1.3-21.
Computer communiationsvis by far the driving force behind the data service
demand, generating roughly 85%Z of the total data traffic. This can be seen
in Table 4.1.3~22. On the other hand, Telex/TWX traffic provides a
negligible contribution. Facsimile traffic is forecasted to double about
every five years and represent about 8.5%2 of the total traffic at the end of
the century. Electronic mail is expected to increase rapidly over the next
few years and will generate as much data traffic as fascimile machines by -

the end of the century.

The authors are not predicting an explosive increase in data
communications; although the predicted per capita data traﬁsmission is 5
times higher in the year 2000 than in 1985. There are several reasons for
this conservative prediction. The increasing capabilities and decreasing
costs of micro, mini and small main frame computers makes it more economical
to do data proceésing locélly. The newer computers have large memories that
can contain large data bases that were previously available only on large
main frame machines. There are also specialized data base processing units
that can be located in local offices of the major users. The main company
computer needs to send only instructions to these data base processors which

will then do the required processing and produce reports for local use.

Electronic mail will probably be transmit'ted in off~peak hours when
the link costs are lower, and link utilization is low.
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Table 4+1.3<21 Summary Table of Data Rates Required Dﬁring The Peak
Hour For Long Distance Transmission (1980 = 2000) in Mbps

SERVICE YEAR .

CATEGORY 1980 1985 1990 1995 2000
Telex/TWX 0.12 0.1l4 0.12 0.09 0.07
Facsimile .25 .53 2.10 | 3.38 8.70
Electronic 0 2.3 3.3 5.9 8.3
Mail
Computer 5.3 14.3 30.6 | 53.2 85.7
Communications

TOTAL 5.67 17.27 | 36.12 | 62.6 102.77
TOTAL PER CAPITA| .23 .68 1.34 | 2.27 3.55
bps/person

Table 4.1.3<22 Summary Table of The Percentage Of Data Communications
Traffic Volume By Service Category (1980 < 2000)

SERVICE YEAR .

CATEGORY 1980 1985 1990 1995 2000
Telex/TWX 2.1% 0.82 | 0.33%2| 0.16% | 0.068%
Facsimile 4,47 3.1% 5.8% 5.4% - 8.5%
Electronic 0.0% 13.3%2 9.1% 9,5% 8.17%
Mail
Computer 93.5% 82.8% 84.77%} 85.7% 83.4%
Communications

4<73




EHF FINAL REPORT

4.1.4 VIDEO AND AUDIO BROADCAST SERVICE REQUIREMENTS

4.1.4.1 1Introduction

The demand for video and radio broadcasting services was previously
thought to be the main driver in the future demand for EHF bandwidth.
Recent regulatory decisions in Canada and the United States have transformed
the broadcasting field into a dynamically evolving telecommunications
service. The introduction of a single service type has the potential of
using large quantities of bandwidth, as evidenced by the four 36 MHz
satellite RF channels requirement of CANCOM in the extension of services to
the remote and underserved communities in Canada. The large variety of
potential services indicates significant.demand for bandwidth in the future.
However, it is felt that the multitude of services can be provide<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>