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INTRODUCTION AND SUMMARY

This study is complementary to a Direct Broadcasting Satellite
System Modelling Study (Ref.) performed by SPAR for the
Department of Communication in 1981.

In that study a range of possible'high and low EIRP systems were
examined for feasibility and cost.

This study examines in a more detail a range of system models
differing mainly in the use of 2 or 3 orbit locations rather than
1 or 2 orbit. locations previously considered. A phased increase
in system capacity from an initial 8 channels per beam to about
double this amount was also given as a criteria for system model
selection.

To more accurately define antenna. design requirements, sets of
polygons were provided by DOC, representing both 6 and 4 beam
possible coverage requirements. Based on current DOC studies of

- circular and linear polarization for direct broadcasting,

circular polarization was selected for both up and down link
antennas. )

Within the communications subsystem, studies were performed to
establish antenna and. repeater configurations for each system
model considered, supported by weight, power, and performance
budgets. . ‘

A survey of medium to high power travelling wave tubes (TWTs)

and their associated electronic power conditioners (EPCs) was
conducted to determine technical characteristics as well as cost
and availability. Three suppliers AEG Telefunken, Thompson CSF

and Hughes appear capable, and interested in providing suitable
TWTs, ,however the source of suitable EPCs is not clear in all cases.

Transmit antennas using linear to circular polarization (CP)
conversion at the reflector surface were a novel feature resulting
from the antenna study. This spatial polarizer approach holds
promise of achieving circular polarization purity superior to
current multi horn shaped beam antennas which use polarizers in
each individual horn. The use of linearly polarized feed horms
permitted by this approach is believed to simplify the antenna
design and testing program as it can draw directly on SPARs
experience with linearly polarized multihorn antennas.

Dual mode antennas which are more difficult to design,and sacrifice
gain relative to single mode antennas, were selected on the basis
of system studies. These studies show that, for up to 6 channels
per beam such as for European and US DBS systems, a single mode
antenna was optimium while for 8 channels per beam or beyond, as
required by this study, dual mode was optimium.

Ref. 1 Direct Broadcast System Modelling Study June 81

DSS Contract # 21st 36100-0-0866
Serial # 08T80-00134
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System
Models
Studied

2 orbit 4 beam
Selected System

3 orbit 6 beam
Selected
System

Although the study required consideration of 4 and 6 beam coverage
from only 2 orbit locations, it became clear during the system
model selection process, that 6 beams from 2 orbit locations was

a poor option, limited in growth.due to frequency plan considerations,

and impracticaly difficult to implement as a transitional system to
a 3 orbit 6 beam system. The study subsequently dropped the 2 orbit’
6 beam models from further consideration and looked only at the two
discrete cases of, 2 orbit 4 beams, and 3 orbit 6 beams.

The spacecraft which match the respective models have a close
functional resemblance to each other as they each provide two beams
oppositely polarized, service adjacent coverage areas.

For the 2 orbit 4 beam case, the selected system model employs 2
operating satellites, one at 100 W providing 2 transmit beamg of

- 8 channels each for Eastern Canada coverage, .and one at 130 W

providing 2 beams of 8 channels each for Western Canada coverage.

A third satellite acts as an orbiting spare for both satellites, but
could also provide additional capacity for either East or West
coverage, but not both simultaneously. This capacity would have to
be preempted in the event of a catastrophic failure of either
operating sateéllite. The system capacity can be doubled to 64
channels (16 per coverage area) by launching 2 additional satellites,
one East and one West for a total of 4 operating. One orbiting spare
satellite in conjunction with satellite subsystem redundancy is
estimated to provide an adequate level of channel availability. All
satellites are of identical design which requires the carriage of
additional channel filters and requires a transmit antemnna which can
provide the required beam coverage from either orbit location
(reconfigurable). The receive beams cover all of Canada on both

- senses of polarization.

For the 3 orbit 6 beam case, the selected system model employs 3
operating satellites, each providing 2 oppositely polarized transmit
beams of 8 channels each corresponding to East, Central, or Western
coverage. A fourth satellite acts as an orbiting spare, or could
provide additional capacity for the beam coverage areas corresponding
to one of the three assigned orbit.locations. The system capacity

can be doubled to 96 channels (16 per beam) from an . initial 48 channel

(8 per beam) by launching 3 additional spacecraft, one at each orbit
location. A system of 6 operating satellites is estimated to require
2 spare satellites to maintain an adequate level of channel
availability. As in the 4 beam case, all operating and spare
satellites are assumed identical. The transmit antenna must be
adaptable . in orbit to any one of the three coverage requirements, and
the repeater must provide the additional channel filters and

switching to accommodate the different channel assignment correspond-
ing to each orbit location.

The smaller individual angular sizes of the 6 beams relative to the

4 beams requires less prime power per channel from the spacecraft.
This can either be translated into more channels per beam for a given
launcher/spacecraft size, or into a smaller launcher/spacecraft size
for the minimum 8 channel per beam requirement. 1In either case the
result is a modest reduction in cost per channel for the six beam



Low EIRP

system. This cost advantage is more than offset by the 33% increase
in the number of spacecraft required to implement the initial
"system; 3 operating plus 1 spare for the 6 beam system versus 2
operating plus 1 spare for the 4 beam system (4 total vs 3 total).

To establish a base for costing of both high and low EIRP systems,
spacecraft buses were chosen to match the power and weight demands
of the corresponding 16 channel communications payloads.

HIGH EIRP In the high EIRP category, the payload power and weight requirements
Payload of up to/ 6.5 Kw and 350 Kglcan be met within the design envelop of
‘Weight and Power  the BA¢'LSAT communications satellite bus. No other spacecraft

constructor is known to have a bus of this capability in active
development, By using the LSAT bus at the upper limit of its
capability, it is believed that the cost effectiveness of the space-
craft should be shown to its best advantage. As LSAT was conceived

Bus selection primarily for various high power and weight communications missions,

it can accommodate the required antennas and high power components
with modest changes to the bus. -Although the basic LSAT is designed
to match the Ariane launcher which inserts the spacecraft into
geosynchronous transfer orbit, it was considered prudent to consider
a STS (shuttle) launch into low earth orbit as well. There is how-
ever, no commitment at this time to develop the necessary perigee
Spacecraft motor and shuttle attachment to put the s/c in geosynchronous
transfer orbit. The stowed configuration of the relatively
conventional high EIRP spacecraft does however respect the envelop -
constraints of both a dedicated Ariane Iaunch and a horizontal berth
in the shuttle bay although the details of attachment and perigee
motor are not available. ‘ ‘

Configuration

For the selected low EIRP system model there are several spacecraft
-bus candidates either committed or in the planning stage. . The :
-payload power and weight requirements of up to/2.7 Kw and 240 Kg could
be met by the LSAT bus, but with a cost penalty because of under-
autilization. The Eurosatellite TV SAT/TDF-1 is also a committed
spacecraft program with DBS payload capabilities in the required

: range. /The Hughes Intelsat VI spacecraft bus is a possibility but
Q)<:?i“fECISlon has been made by Hughes to compete for the DBS market
Bus Candidates

Payload Weight
end Power

with th?f/ﬁﬁﬁiﬁE;J RCA Americom has submitted a flllng to FCC for
’ permission to construct DBS Satellltes in the payload power and welgh

range of interest. A//”M
€ Of interest.,

e,

As the market for DBS develops, bqgé in Eﬁe USA ahy d elsewhere, .
- - spacecraft .constructors such as TRW, AeroFord and GE will undoubtedly
offer competitive designs in this payload range. As the 3 axis
\ spacecraft is considered the leading competitor for.the DBS market,
Bus Selection "and because of RCAs record for cost effective design, their bus
: concept was selected (as representative of the genre) for this .
configuration study.

-3-



Spacecraft
Configuration

9

%ﬂz;ﬁ

N9

The resulting stowed configuration is compatible with a
vertical mounting position in the shuttle bay, using a
liquid perigee motor concept that is however not part of

any committed program. Although the s/c weight requirements
are marginally beyond the PAM A perigee motor capability, it
is still considered a possibility for a horizontal position
in the shuttle, albeit with increased launch costs. The
stowed s/c configuration is also within the envelop of both
upper and lower positions for a shared Ariane IV launch. As
the s/c requires just over half of the launcher capability,
a launch companion with complementary weight requirements
would have to be found.

EjThe deployed configuration for both high and low EIRP s/c are

{Fvery similar and use essentially the same antenna concepts
in either 6 beam or 4 beam versions.




2.1

System Modelling

To establish the feasibility.of various sytem implementations, frequency
and polarization plans were produced as well as communications subsystem
block diagrams. In this way, system level aspects of interference,
repeater redundancy, and spacecraft replenishment could be determined,
and used as part of the ultimate screening and selection process. For
the parameters given, sets of communications payload weight and

power budgets were derived which were subsequently matched to available
spacecraft/launcher capabilities.

Evolution of DBS Models

The combination of system parameters (models) to be studied for both
high and low EIRP systems are shown as solid lines in the study option
tree Fig. 2.1-1. Coverage areas for both 4 beam and 6 beam: options
were defined by polygons supplled by DOC at ‘the beginning of the

study. Two orbit locations, 100 °W and 130° W, were also defined although

it was recognized that these were representative and not final assign-

ments. The number of 8 channels per beam was stated as the minimum
acceptable size of an initial DBS system, with a growth capability to
double this number by the launch of additional spacecraft.

An assumption of the study was that all spacecraft in a proposed
implementation plan should be identical. The main implication of .
this assumption is that each spacecraft must carry full sets of multi-
plexing filters, switches and adaptable antennas, so that any’ space-
craft can operate in either assigned locatiomn. ' It-is conceivable

that limited interchangeability might be acceptable initially, for
example, only the later spacecraft used to expand the system would be
designed for full interchangeability. During the system modelling
phase of the study, as reported later in this section, it became

clear that the:2 orbit 6 beam models could not meet the growth re-
requirement because of the frequency plan limitations, and it also
proved intractable as a transitional system to 'a 3 orbit 6 beam
system. The 2 orbit 6 beam models were thus deleted from flarther

‘consideration, by agreement with DOC, and 3 orbit 6 beam models were
-introduced as shown by the dotted lines in Fig. 2.1-1. Additional

system models which provide greater initial and ultimate channel

‘capacity were studied briefly. These systems, giving 9 or 10
—channels per beam initially and 18 or 20 channels per beam ultimately,
.correspond to 36 and 40 channel frequency plans. Such plans appear
~acceptable on a systems basis and may lead to more efficient use of

.bus power and weight capabilities, and the possible use of spare
" channels rather than switched redundancy to achieve reliability.

This technique is described more fully in section 3.4.




System Model Code ~ 2 4
No. of Orbit Locations-é——4—4=3'”“";)//““'

No. of Beams

No. of Channels per beam-
Initial (Final)

No. of Channels per spacecraft

FIGURE 2.1-1 SYSTEMS MODELS CONSIDERED

Original SOW

Developed during
Study

Study
' Parameter

EIRP (dBW) (Beam Edge) 50_ 1 34 7

; | y
No. of Orbit Locatioms 2 3 ) 2. | 3

A —= __{
No. of Beams 4 6 _16 4 6 ’6 _
| [ TP ' | i
i Pygrpo | Hp o RN

No. of Channels | (L e ‘ I D S T I
per Beam 8 16 8 9:1016 8 10 16 20 8 10 16 20 8 9 10 16 810 16 20
CODE 248 268 268
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2.2,
2.2.1

Selection of System Parameters and Models-

4 Beam and 6 Beam Systems

Assuming the block assignment method of allocating DBS orbit and
spectrum resources, Canada is assigned between 2 and 6 orbit locations
and the full 500 MHz spectrum at each location. The maximum number
of channels in a plan is not greater than 40, using both polarizations, .
based on adjacent cross polar channel interference limits. Other
plans using 32 and 36 channels are attractive for 4 and 6 beam systems

because of the easy division of capacity into beams and spacecraft.

Since we assume that all channels in a coverage area must be of the
same polarization from a single orbit location, the maximum number of
channels available to any viewer is 20, 18, or 16 corresponding to

~one polarization of the plan. If these constraints were relaxed

/ s/[()

}
¥

simultaneously, then in principle the number of channels available to
all viewers would increase greatly. For example, if each orbit
location produced a beam covering all Canada, then the number of
channels available to all viewers would be 240 = 6 (maximum number of
orbit locations) x 40( maximum number of channels in a plan).

Apart from the fact that some viewers could not see all satellites,
such a scheme would be enormously wasteful of spacecraft resources
because these 240 channels would have to serve all identified
audience groupings such as time zones,. language, provincial boundaries
etc. Radiated power falling outside the addressed audience is then

a waste of expensive satellite resources. -This is the fundamental
argument for beams shaped quite accurately to perceived audience
boundaries. At the other extreme, from an orbit/spectrum resource

(Vygg“ rather than a spacecraft point of view, a small beam, uses up orbit-

spectrum just the same as a large beam. Which resource is of
greatest current value 1s a basic.question.

2.1.1 4 Beam Models

We congider first, 4 beam system models in which an orbital position
at 100"W longitude provides transmit coverage to Eastern Canada on

.2 oppositely polarized beams and an orbital position at 130% longi-~
.tude provides coverage to Western Canada on 2 oppositely polarized

beams. A dual polarized receive beam covers all:of Canada that is
visible from the assumed orbit locations. SThe Eastern part of
Newfoundland cannot.-be covered from the 130 W location for example).

System implementations corresponding to 32, 36 and 40 channel

plans are shown in the following figures 2.2.1.1-1 to 2.2.1.1-3.

The spacecraft/beam capacities chosen satisfy the initial and growth
requirements with a minimum number of spacecraft and can fully develop
the capacity of the orbit/frequency.plan.

Many other implementations are possible using smaller or larger
capacity spacecraft but they all suffer from some combination of
four factors:

o Higher cost because of the large number of spacecraft required
b Unuseable spectrum because of awkward increments of capability
,0 Excessive initial capacity and resulting higher front end cost

0 Inadequate initial capacity




SYSTEM IMPLEMENTATION AND ‘GROWTH-

2 ORBIT 4 BEAM

32 CHANNEL HIGH OR LOW EIRP
' . . _
R TABLE. GIVES. NUMBER .OF . CHANNELS.PER.BEAM.. __.
_ BEAM
s/c _
tAUNGH YWMBER 1 2 S A
NUMBER .
1 ® | . EOR
: § 8 1) SATISFIES INITIAL CAPACITY.
9 ® o REQUIREMENT OF 8 CH/BEAM
8 3 2) GROWTH IS SIMPLE-
g 8 g . g PHASE 1 5) FREQ. PLAN CAN BE FULLY DEVELOPED .
- ’ ' 18 CH/BEAM 4) HIGH ETRP-REQUIREMENTS WITHIN DESIGN
3 ® S " ENVELOP OF BAE L SAT
| ' 5) LOW EIRP REQUIREMENTS WITHIN DESIGN
4 (89 ? _ ENVELOP OF RCA DBS »
’ . st
o 16 o 16 : E%ASE 2 1) POWER SYSTEM CHANGES TO L SAT
‘ ‘ : H/BEAM :
CH/BEA REQUIRED
5 .
SPARE .
,B : T .

® RHC POLARIZATION © LHC POLARIZATION
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2 ORBIT 4 BEAM MODEL: 24 9(18)/18
36 CHANNEL PLAN » HIGH OR LOW EIRP
e TABLE..GIVES.NUMBER.OF..CHANNELS .PER. BEAM.... .- .. | : FOR
EAM 1 1) EXCEEDS INITIAL CAPACITY
S/C~WUMBER | 1 2 2y i REQUIREMENT OF 8 -CH/BEAM.
LAUNCH . | - - SR -
NUMBER . 51 1 2) GROWTH IS SIMPLE
) @ 0 o ) 3) FREQUENCY PLAN CAN BE FULLY DEVELOPED
9 9 | , |
PHASE 1 4)  HieH EIRP REQUIREMENTS WITHIN LSAT
9 9 9 9 0 Ci/BEAM S AGAINST CAPABILITY
K 5 93 gg o 1) row EIRP REQUIREMENTS -MARGINALLY
. : , EXCEED RCA DBS CAPABILITY CONSIDER
L ﬁ?,.v, g?, D | REDUCTION IN %4 ECLIPSE OPERATION
T~ 1a . 12 . - 1m. . . PHASE 2
18 18 18 18 3 CH/BEAM
5
L; SPARE
. , .
@ RHC POLARIZATION © LHC POLARIZATION FIGURE 2.2,1,1-2




SYSTEM IMPLEMENTATION AND GROWTH

MODEL: 24 10(20)/20\
HIGH OR LOW EIRP

2 ORBIT U4 BEAM
40 CHANNEL PLAN

'TABtE'GIVES”NUMBER”OF'CHANNELS”PER”BEAM“”'L"'”

; EOR
BEAM. , 1) EXCEEDS INITIAL CAPACITY
. 4 |

>/ C " \NUMBER 1 2 5. b SR o REQUIREMENT OF & CH/BEAM
LAUNGCH. - e ' L
NUMBER < : 2)  GROWTH IS SIMPLE

1 o ]%? R o '3) FREQUENCY PLAN CAN BE FULLY DEVELOPED

1 e ﬁ? | |
Z 10 1 ‘ AGAINST
110 10 10 10 PHASE 1 -
_ ~ ; 10 CH/BEAM 1) HieH EIRP REQUIREMENTS MARGINALLY
z | ® ©6 EXCEED LSAT POWER CAPACITY. CONSIDER
-10 10 - ' SMALL REDUCTION IN BEAM EDGE EIRP,
, : a 2) Low EIRP REquIREMENTS EXCEED RCA DBS
©
i 10 10 . ' | CAPABILITY, CONSIDER REDUCTION IN
. ) %O%CLIPSE OPERATION.-AND COVERAGE TO
| PHASE 2 o OF LARGEST BEAM, .
20 20 200 20 20 cr/BEAM |
5
SPARE
FIGURE 2,2.1.1-3
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2.2.1.2

'

An example, from among many, of a model exhibiting some of
these characteristics is given in fig. 2.2.1.1-4, ‘

System reliability and replenishment studies reported later in

this section show that an initial implementation of a 2 operating
spacecraft can be adequately protected by ome spare. If this

spare 1s launched it can be used to increase the capacity at either, but
not both orbit locations, or as a rapidly available spare in the

event of a catastrophic failure of an operating spacecraft. The

full system which requires 4 operating spacecraft can also be
adequately protected by a single spare.

For the high EIRP case, the payload power and weight demands®were
subsequently determined to be marginally within the design envelope
of the L SAT Ariane IV bus/launcher combination. The L SAT power
and weight capacity has been taken as a practical upper bound on
the size of any spacecraft required by a system model.

The cthceof spacecraft bus to match the low EIRP models was
considered open and not constrained to any particular bus.
Subsequent investigation showed that a spacecraft comcept by RCA
Astroelectronics, supporting an RCA Americom DBS filing to FCC,
was- very close to the required size.

6 Beam Models

The model first considered provides Eastern Canada coverage with

3 beams from an Eastern orbit locatiom of 100 W and Western Canada
coverage with 3 beams from a Western orbital location of 130 W.

A system implementation which achieves the initial objective of.

8 channels per beam with the minimum number of spacecraft (2)

must have 24 channels per spacecraft. This 1s a large number and
although the TWTAs are individually lower in power than the
equivalent 4 beam models, the total power is marginally beyond

the capabilities of L SAT for the high EIRP case.

If this were the only impedlment some accommodation.could be

made in EIRP or eclipse operation. A more compelling reason for
rejecting this model comes from frequency plan and growth comsidera-
tions. Recalling that adjacent beams from ome orbit locatiom must

-be cross polarized, we see that for 3 beams from one lecatiom, 2

of the beams must be of the same polarization and thus must S
divide the chamnels available in one polarization (half) of the
frequency plan. ,This limits the number of chamnels per beam to

8, 9 or 10 corresponding to 32, 36 or 40 channel frequency plams.
At least half of the channels with the polarization of the middle

" beam of the trio, are effectively not available unless a much

different and smaller spacecraft is considered for growth.
Accepting these drawbacks then, figure 2.2.1.2-1 shows the most
likely 2 spacecraft implementation for high EIRP using a 32 chanmel
plan, and figure 2.2.1.2-2 shows an altermative 4 spacecraft imple-
mentation for high or low EIRP using a 40- channel plan.

-11-
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SYSTEM IMPLEMENTATION AND: GROWTH o
2 ORBIT 4 BEAM - o . MoDEL: 24 6(18)/12
36 CHANNEL . HIGH OR LOW EIRP

' 'TAB’LE"GIVES"NUMBER OF "CHANNELS PER 'BEAM " = -

FOR
EAM . !
S/C NUMBER | 1 2 5 | l) HIGH EIRP S/C IS WITHIN CAPABILITY
LAUNCH. . > T NP ! ‘ OF L SAT AIV
NUMBER - I
1 ¢ ‘8 o 2) ORDERLY GROWTH | |
, e ° - | 3) FULLY DEVELOPED FREQUENCY PLAN
| b | _ lpHase 1
- @ e - O CH/BEAM -
6 b |
I ® . Q ,
| 6 6 - PHASE 2. | : |
5 - '669 - © {12 cu/BEAM AGAINST
5 1@ S} . S | 1) PHASE 1 DOES NOT MEET INITIAL
6 b . 8 CH/BEAM OBJECTIVE
—— » 2) 6 GPERATING SPACECRAFT REQUIRED FOR
18 18 18 18 - |pHASE 3 - FULL DEVELOPMENT PLUS 2 SPARE
, E 18 cn/BEam | . )
7,8 B N | * : |
SPARE , — —  FIGURE 2,2.1,1-4
® RHC POLARIZATION ~ © LHC POLARIZATION - | '
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2 ORBIT 6 BEAM MODEL 268/24
32 CHANNEL PLAN LOW EIRP

TABLE GIVES NUMBER OF'CHANNELS PER BEAM

FOR
s/¢ EAM . , . : ~ '
SN\NUMBER | 1 - 2 3 b 5 6 ; 1) MEETS INITIAL REQUIRE-
LAUNCH N | S o ' MENT OF 8 CH/BEAM,
NUMBER ~| z | .
g ®@ O @
1 : -8 3 3
1® 0o 8
2 - 1.8.......8 ...8
8 .8 8..8. .8 . .g. |PHsEL AGAINST
|, 8 cH/BEAM
: _ ; ; 1) HIGH EIRP REQUIREMENTS
3 § | ; o ARE MARGINALLY BEYOND
: ‘ : L-SAT A IV CAPACITY,
SPARE :
SREURTERESE B 2) NO GROWTH IN CAPACITY

POSSIBLE FOR 4 oF THE

6 Beams (1,3,4,6)

o GROWTH IN 2 BEAMS (2,5)
Fie. 2.2.1.2-1 " REQUIRES LAUNCH OF 2

" SMALLER SIZE SPACECRAFT
(8 cH vs 24 CH CAPACITY).

@ RHC POLARIZATION © LHC POLARIZATION



SYSTEM IMPLEMENTATION AND GROWTH

2 ORBIT 6 BEAM . MODEL 265 (10)/15
40 CHANNEL PLAN HIGH OR Low EIRP
"""""" TABLE ‘GIVES NUMBER OF CHANNELS PER BEAM
1 2 3 & 5 g § FOR
3 @ o0 o
] . 5 5 5
| @ o0 o
5§ -5 5 - 5 - 5. .. |PHASE 1 o
- il . AGAINST
; ﬁ? S? ﬁ? 5 CH/BEAMé 15 | R
o . 5 - : : DOES NOT MEET INITIAL
, ® o0 o o ; CAPACITY REQUIREMENT,
z I 5. 5 . . T .,.“é“ ; 2)  NO GROWTH IN CAPACITY
| “ _ “lonase 2 POSSIBLE FOR 4 OF 6 BEAMS
K ’ ‘ I e BEA? BEAMS (2 5) REQUIRES
5 2 D . SMALLER SIZE SPACECRAFT
_SPARE ............................... S AR ................ R (5 CH VS 15 CH- CAPACITY),

@ RHC POLARIZATION ... .. ..@ LHC POLARIZATION

F16, 2.2.1,2-2
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Although the 2 orbit 6 beam models have a serious flaw for
ultimate orbit/spectrum exploitation, perhaps they could
function in a transitional system in which capacity is added
to the system by launching spacecraft into a third orbital
location., Here we identify two cases: '

i) the initial 2 orbit 6 beam model spacecraft are allowed
~ to run out their design life and are replaced by the
next generation 3 orbit 6 beam model spacecraft.

ii) the initial spacecraft must be changeable in orbit to
operate in the final system

The first case treats the two systems as discrete and neither
spacecraft design is affected byythé other except for likely
similarity in frequency plan and beam coverage. :

The second case seems the most likely as it makes more efficient
use of orbiting capacity in responding to increased traffic
demand well within the design 1ife of the first generation space-

‘craft. Design requirements on the first generation spacecraft

are severe if it is to make efficient use of spacecraft resources
in both systems.

For example, as shown in figure 2.2.1.2-3 the initial 24 channel
spacecraft serving 3 coverage areas must be rearranged to cover

.2 areas. with 12 channels each. This requires antenna reconfigura-

tion complexity even greater than 2 orbit 6 beam case, because
now a third orbit location must be considered. '

Multiplexing filters must also be carried to accommodate all
possible orbital/system assignments. Note that an awkward half
capacity sized spacecraft would be required for full development
of the orbit. X

Other possible implementations are given in figures 2.2.1-2 - 4
to 6, each with.a different combination of good and bad features
as noted. Some characteristics are common to any system growing
from 2 to 3 orbit locations, namely that viewers in one third

of the coverage areas must repoint their antennas to look at a
new orbit location. Also by example, in the notes accompanying.
figure -4, some viewers will have to change polarization.

As all 2 orbit 6 beam models considered have problems of system

. growth and complex communications payload requirements as trans-

itional systems, they were deleted from further conmsideration by
agreement with the design authority. 4
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SYSTEM IMPLEMENTATION AND GROWTH

2 ORBIT b BEAM TO 3 ORBIT b6 BEAM MODEL: 26 8/2U
36 CHANNEL PLAN HIGH OR’LOW EIRP
| ' . ‘ FOR
- TABLE. GIVES. NUMBER..OF..CHANNELS .RER. BEAM.....i.. - - :
1) MEETS INITIAL 8 CH/BEAM REQUIREMENT
©)
3 _
gHAS;'l .
® o CH/BEAM
5 N v V -
® ® @ CoT i -
12 f? 12 f% o
. S igASE 2
I %B cé) _ 4_ CH/BEAM AGAINST
” ® CD‘/ 1) COMPLEX ANTENNA AND REPEATER RECONFIGURATiON
5 65 b REQUIRED, e
- ® o ) HIGH EIRP REQUIREMENTS ARE
b o o 6 5 - BEYOND CAPABILITY OF L-SAT.
N . 3) PHASE 3 IS AWKWARD AS IT REQUIRES
: 18 13 18 18 18 18 PHASE 5 - o 1/2 SIZE s/c PROVIDING 12
"@ RHC POLARTZATION © LHC POLARTZATTON I g CHANNELS (6 PER BEAM) ,

FIGURE 2.2.1.2-3
 16-




Illl - SE W llll L - Illl Iilr llll - Illr llll -S w8 em SN !lll L .
SYSTEM IMPLEMENTATION AND GROWTH |

2 ORBIT 6 BEAM TO '3 ORBIT 6 BEAM DEVELOPMENT

36 CHANNEL PLAN ~ HIGH OR LOW EIRP MODEL 266/18
FOR
- TABLE GIVES NUMBER OF CHANNELS PER BEAM ' | l) PLAN CAN BE FULLY DEVELOPED IC,
SO el 2 3 0 5 g ALL CHANNELS HAVE ONE POLARIZATION
. : - P A S - : ’
ey . IN ONE ZONE FROM ONE ORBIT LOCATION,
1 Y 9 o R 2) 6 CHANNEL PER BEAM PARTIAL SERVICE
. ' 66 . CAN BE STARTED WITH 2 s/c.
2 ® o © N e 1
— L o
9~ g g9 39 , 1). - DOES NOT MEET INITIAL CAPACITY
@ o S REQUIREMENT OF 8 CH/BEAM,
3 9 9 PHASE 2 ©2) ONLY AREAS 1 AND 2 DO NOT CHANGE
9 9 9 9 9 |9 cH BEAM EARTH STATION POLARIZATION OR
| o POINTING - 3 POINTING, 4 POINTING
I s . S | AND POLARIZATION, 5 AND 6
. ' : I POLARIZATION (ASSUMING 2 ORIGINAL
5 9 - %’ | B ‘ ORBIT LOCATIONS RETAINED),
. ! .
1 . 3) 3 BEAM TO 2 BEAM ANTENNA AND MULTI-
6 ¢ 9 ‘ :
PP 9 o ; PLEXING RECONFIGURATION REQUIRED
' 18 18~ 18 18 18 13 igAgﬁ~gEAM . INCLUDING POLARIZATION CHANGE.,
. — - L) HIGH EIRP MODEL IS BEYOND L SAT AIV
@ RHC POLARIZATION  © LHC POLARIZATION CAPACITY. (MARGINAL) .

FIGURE 2.2.1.2-4
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SYSTEM IMPLEMENTATION AND GROWTH
2 0RBIT © BEAM TO 3 ORBIT b BEAM DEVELOPMENT =
40 cHANNEL PLAN HIGH OR LOW EIRP  MODEL 265/15

TABLE GIVES NUMBER OF. CHANNELS PER. BEAM.

NUMRER o EOR 4
| & E=a— EACH ORBIT CAN_PROVIDE 40 cHANNELS (20
1 : 5 E CH/BEAM)FOR A 2 BEAM SATELLITE, FOR A
. : TOTAL OF 120 CH BEAMS.
® @ ' | |
2 : g t
3 @ - ® 9
® o - ® o AGAINST
8 7/ 8 /| , ‘
: 2 1) -COMPLEX ANTENNA AND REPEATER
8 / 8 - 7 |45 cH BEAMS| ‘ : -
Tathl ~ CONFIGURATION REQUIRED ,
4 ® © . .| 2) DOES NOT MEET INITIAL 8 CH/BEAM
/7. 8 o * REQUIREMENT
| e e - 3) THE NEXT STEP TO FILL THE ORBIT
5 7 g - L ' TO CAPACITY IS AWKWARD AS IT WOULD
: ' REQUIRE 3 SMALLER .(2/3 s1zE)
® -0 = - . SATELLITES PROVIDING 5 CH/BEAM
b 17 . 8 ' - | ... FOR EACH OF 2 BEAMS,
15 15 15 15 15 15 |90 cH BEAMS
2 - . . ' FIGURE 2.2.1.2-5
@ RHC POLARIZATION ® LHC POLARIZATION : ' -
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SYSTEM_IMPLEMENTATION AND GROWTH ‘

2 ORBIT TO 3 ORBIT 6 BEAM

_ 36 CHANNELS HIGH OR LOW EIRP MODEL Zﬁh/lz
TABLE GIVES.NUMBER-OF CHANNELS.PER BEAM. ... ...
~BEAM |
X 1 2 3 4 5 &6
LAUNCH. . etiorefe oot
NUMBER = =
1 i % 1
. . | PHASE
2 2 % 4 cH/BEAM |
' @
3 gz e %
) @
? g ; |
6 6 6 5 6 6 PHASE 2
M %‘) @ 6 CH/BEAM
@
5 :E %
@
6 e €
12 12 12 12 12 12 | puase 3
7 @ © |12 cu/Beam
) 6 6
@ Q ’
8 6 6
® O
9 & b
18 18 18 18 18 18 [pHAsE b
- 18 CH[BEAM
. @ RHC>P6LARIiATION >i> LHC POLARIZATiON
0 _ ‘ ) AGAINST
PLAN CAN BE FULLY DEVELOPED 1.E, 1) oNLY AREAS 1 AND 2 DO NOT

ALL CHANNELS HAVE ONE POLARIZATION
TO. ONE ZONE FROM ONE ORBIT LOC.
ACTION,

L CHANNEL PER BEAM PARTIAL SERVICE
CAN BE STARTED WITH 2 s/c,

FIGURE 2.2.1.2-6 2)

3)

1)
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IZATION OR POINTING, ASSUMING

2 ORIGINAL ORBITS RETAINED,
3-CHANGES POINTING

L-POINTING AND POLARIZATION
5-POLARIZATION

6-POLARIZATION
S/C SIZE AVAILABLE CANNOT
SUPPORT 18 CH AT HIGH EIRP.

MODEL APPLIES TO LOW EIRP
ONLY,

3 BEAM TO 2 BEAM ANTENNA AND
MULTIPLEXING RECONFIGURATION
REQUIRED INCLUDING POLARIZATION
CHANGES.,

PHASE 1 PROVIDES ONLY 4
CHANNELS PER BEAM,




2.2.1.3

As 2 orbit 4 beam model spacecraft transitioning to 3 orbit 6
beam use,pose even greater system and communications payload
problems, they were similarly not analyzed in detail, by agree-
ment with the design authority.

3 Orbit 6 Beam Models

These models require spacecraft operating at 3 orbit locatioms,
corresponding to East, Central and West coverage areas. FEach
spacecraft provides a pair of oppositely polarized transmit
beams for adjacent coverage areas, and one all Canada dual
polarized receive beam.

For this study an indeterminate mid position between East (100°W)
and West (130°W) locations has been taken for the central coverage
assignment,

A system implementation and growth plan is shown in figure
2.2.1.3+1 which meets the initial 8 channel per beam, and the
growth requirement to double this amount, This model used a

32 chamnel plan but other implementations are possible as shown
in figure 2.2.1.3~2 and 3 using 36 and 40 channel plans
respectively.

All of these systems have adequate initial capacity and good growth
characteristics. The main disadvantage of all 3 orbit systems
is' the cost of the additional spacecraft required to initiate

' the system compared to a 2 orbit system.

When selecting a spacecraft bus to match the payload demands of
the 3 orbit 6 beam models, two approaches are considered:

i) Select as close a match as possible with the expectation

that the resulting spacecraft will be cheaper to build and
. launch than the corresponding 2 orbit 4 beam models, because

of its lower pawer and weight requirements.

ii) Use the same spacecraft for both 4 and 6 beam models and
turn the lower per chamnel power and weight demands of the
6 beam models into more channels per spacecraft relative
to a 4 beam spacecraft.

Approach ii) has been selected because no significant cost
saving or breakpoint could be found in the choice of
spacecraft to match the 6 beam requirements relative to

the 4 beam. The cost comparison between systems is simpli-
fied a little by the use of a common spacecraft bus

between 4 and 6 beam systems.
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SYSTEM IMPLEMENTATION AND GROWTH
-3 ORBIT LOCATION WITH 6.BEAM COVERAGE

MODEL: 36 8/16

32 CHANNEL PLAN : HIGH OR LOW EIRP
| , S , | |
) : : : ‘ ~ EOR
- - TABLE GIVES NUMBER OF.CHANNELS PER.BEAM......... .1y prrce [NITIAL CAPACITY REGUIREMENT
— . - OF 8 CH/BEAM ’
1 2 3 b 5 6 ; 2) GROWTH IS SIMPLE .
hﬁﬁggg ......................................................................... . o 3) ORBIT/SPECTRUM CAN BE FULLY DEVELOPED
: — T o s | 4) HIGH EIRP REQUIREMENTS ARE WITHIN
1 _— g 8 | . - DESIGN ENVELOPE OF L SAT
.9 o S ® e | . ,
: g8 3 | S AGAINST
® o , o 1) REQUIRES A MINIMUM OF 3 SPACECRAFT
3 s 3 | o . FOR INITIAL SYSTEM .
g 3 3 3 8 lprase 1 2) EUEgAgggTEM OF b6 SPACECRAFT REQUIRES
CH/BEAM o
b 2 9
: : g 8
> g 8
@ e
b 8 g |
7,8 16 16 16 16. 16 16 |puAsE 2 . .
' . 16 ¢ ' 1 ; -
SPARES . ) CH/BEAM FIGURElZ.Z.l.B 1

@ RHC POLARIZATION  © LHC POLARIZATION
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SYSTEM_IMPLEMENTATION AND GROWTH

MODEL: 36 9/18

3 ORBIT LOCATION b BEAM SYSTEM
36 CHANNEL . HIGH OR LOW EIRP
.............. TABLE;GIYﬁS“NUMBﬁR”QE”CHANNELS;EER”BEAM“”H””””. FOR
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& O] |
| 3 9 .
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g S
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SYSTEM IMPLEMENTATION AND GROWTH

3 ORBIT LOCATION 6 BEAM SYSTEM MODEL: 36 10/20
40 CHANNEL HIGH OR LOW EIRP
_ TABLE GIVES NUMBER OF CHANNELS PER BEAM ' FOR
BEAM - 1) EXCEEDS INITIAL CAPACITY REQUIREMENT
NUMBER OF 8 CH/BEAM
. ......... l ........ 2 ......... 3 ............ ‘ ........ 5 ......... 6 . 2) GROWTH IS SIMPLE
NUMBER _ AU S Pt
1 fa fa ' . 3) ORBIT/SPECTRUM CAN BE FULLY DEVELOPED
' ® O )  HIGH EIRP REQUIREMENTS ARE WITHIN
10 10 DESIGN ENVELOPE OF L SAT
@ G? |
10 1 ) AGAINST
- 10 PHASE .
10 10 10 10 10 10 0 cH/BEAM 1) REQUIRES A MINIMUM OF 3 SPACECRAFT
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4 1 1 4 :
®@ O 2) EULL SYSTEM OF 6 SPACECRAFT REQUIRES
SPARES
5 10 10
) 10 ﬁg
5 > 5 > HASE 2
20 20 0 0 20 0 0 CH/BEAM
7, 8
SPARES

FIGURE 2.2.1.3-3
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2.2.1.3

3 Orbit 6 Beam Models cont'd....

The high EIRP system selected thus uses the growth version of the
L SAT meeting the payload requirements of up to 4.6 kw DC power
and 310 kg weight.

This spacecraft can be launched by dedicated Ariane
or by the shuttle using an adaptation of the large motor of
the IUS as a perigee stage. 4 .

The low EIRP system model selected is based on a spacecraft
described by RCA Americom in a DBS filing to FCC. The payload
power and weight requirements of up to 2.0 kw and 240 kg are
within the capability of this spacecraft concept. The space-
craft may occupy either upper or lower position for a shared
Ariane launch. It may also be launched by shuttle, horizontally
mounted on an uprated PAM-A as perigee stage, or upright in the
shuttle using a liquid perigee propulsion system.




2.2.2

Antenna Polarization

Studies performed for DOC by Miller Communications (1) and CAL
(2) and SPAR (3). Have examined the question of linear and
circular polarization (CP) for the direct broadcasting system
from system interference, spacecraft antenna conceptual, and
spacecraft current practice perspectives. \

From the studies cited, no.single overriding argument in favour

of linear or circular polarization can be found. TFor example
from the system study, downlink circular polarization is
preferable on an interference basis particularly if one orbit
serves a wide longitudinal area. Antenna reconfiguration concepts
are feasible in either LP or CP although they may be more
difficult in CP than LP, Sidelobe performance appears comparable
in both CP and LP. Main beam cross polar discrimination for

multi horn shaped beams is one performance area which favours LP _N;>

over CP, the current state of the art being 25 - 27 dB for ;“"__
CP and 32 - 33 dB for LP.

Considering: i) the precedent that has been set for ITU regions 1
and 3 in the use of CP, albeit for simple elliptical coverage,

ii) the freedom from polarization adjustment in

CP home receivers without significant CP cost penalty,

i1ii) The possibility of improvement in the state
of the "art for cross polar discrimination in multi horn shaped
beam antennas,

iv) that the choice of polarization for feeder links
(UP links) may wish to be treated independently of down links.

v) that as an exercise to explore the boundaries

. of feasible spacecraft concepts, this study should consider the

most demanding choice of polarizatiom.

“Circular polarization was chosen for both transmit and receive

antemnas.
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2.2.3

2.2.3.1

System Reliability and Replenishment

This evaluation was performed in order to determine the achievable
reliability and life of a multiple satellite DBS system under different
conditions and review, at the system level, the effectiveness of

the 16/24 payload redundancy scheme which was initially preferred
based on the payload reliability analysis detailed in section 3.4.

The following assumptions are implied in the evaluation:

Mission probability of success objective 0.5 to 0.7 at 7 years.
L-Sat spacecraft bus

STS launches with 0.98 probability of success

7 year life for each satellite

balanced traffic loading between different orbital slots
increasing traffic pattern consistent with system capacity

not more than 2 satellites operating simultaneously in each
orbital location

0 0000 O0O0

Two>0rbit Four Beam Model

A five satellite system is considered with two simultaneous initial
launches followed by three additional launches with one of them -
being for an in-orbit spare satellite. Two traffic patterns are
included (top portion of the figures)

1. 32 channels increasing to 48 then 64 (16 ch/sat)
2, 24 channels'increasing to 36 then 48 (12 ch/sat)

a. Payload Redundancy

 Figure 2.2,3-1 shows the system reliability for three different payload
configurations 16/16, 16/20 and 16/24 with traffic pattern #1.

It can be seen that a 16/16 payload configuration (i.e. no
protection) will not meet the mission requirements (typically

0.5 to 0.7 at 7 years), the 16/20 configuration will provide

up to 6 years with better than 0.80 probability of success and

7 years with better than 0.55. The 16/24 configuration will

provide 7 years with a probability of 0.85.

It would appear that the 16/20 configuration will be the most
cost effective since it will accommodate a substantial traffic
loading (64 channels at end of life) with high probability,
degrading only in the last year to 0.55, while the 16/24
configuration, in spite of the significant increase in cost,
will only achieve a limited improvement in the last 2 years.
Subsequent evaluations are therefore based solely on the 16/20
configuration to determine the influence of other system para-
meters. ' -
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2.2.3.2

b. Traffic Loading

Figure 2.2.3-2 shows that with full loading of up to 64 channels,
the probability dropé to 0.55 at end-of-1ife. It can be seen
however that a reduced traffic of 48 channels can be provided
with a 0.85 probability of success. '

c¢. ’Launch Scenario

Figs. 2.2.3-3 and 2.2.3-4 show that no real improvement in end-
of-1ife reliability is achieved by deferring the launch of the
in-orbit spare satellite. Moreover, as the launch of the spare
is deferred, the system probability of. success decreases down
to 0.62 with a launch deferred till year 5..

Three Orbit Six Beam Model

An eight satellite system is evaluated with three initial launches
followed by one a year. Two traffic patterns are selected .arbitrarily
to assess the impact of the reduced loading on system reliability.

1. 48 channels'increasing to 96 channels (16 ch/sat) - fully loaded

2. 36 channels increasing to 72 channels (12 ch/sat) - partially
loaded _ : : :

A single’in orbit spare provides a probability of only 0.36 of meeting
the full traffic requirement, and thus two 1n orbit spares were. judged
necessary to meet the mission requirement, which is taken as typically
0.5 to 0.7 at 7 years. Furthermore, since the six active satellite
launches  extend over a long period of time --4 years assumed -- little
time is left to comnstruct and launch an additional spacecraft should
any launch failure occur. If a second spare is planned for the six
satellite system, the effect of a launch failure would be less cat-
astrophic and contingency action easier.

1. Traffic Loading

Figure 2.2,3.5 shows that the full traffic requirement (16 channels
per active satellite) can be achieved for 7 years with a probability
of 0.70. . It can be seen that a reduced traffic loading will improve
the system probability of success but only towards the end-of-life,
as the system reliability in the early years 1s controlled by that
of the spacecraft bus.,

2. Launch Scenario

Figures 2.2.3-5 and 2.2.3-6 show that little improvement to the
overall system reliability profile can be achieved by deferring the
launch of the spare. It would appear, however, that if the traffic
loading is reduced, some improvement may be obtained by the earlier
launch of the spares.
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2.2.3.3

Summary and Conclusions

The 16/20 payload configuration appears most adequate to meet the
increasing traffic requirement with confidence in a cost effective
way. The reliability improvement at the payload level, originally
expected from a higher redundancy level such as 16/24, appears
severely reduced at the system level due to the effect of the space-
craft bus on the overall probability of success of the mission.

The four-beam, two-location system can accommodate, with 5
satellites up to 64 channels for 7 years with 0.55 probability,
and 48 channels with 0.85 probability. No improvement is
achieved by deferring the launch of the in-orbit spare.

The six~beam, three~location system can provide with 8 satellites
up to 96 channels for 7 years with 0.70 probability. A reduced
traffic loading would provide higher reliability provided that
the in-orbit spares are launched earlier. This is due to the
fact that the multiple.satellite system reliability is initially
Bus controlled,

Further evaluations could be done to determine an optimum
replenishment scheme for any particular configuration.
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2.2.4

RARC Planning Considerations

An objective of the present system concepts study is to
identify any major system constraints associated with the
Canadian First Draft Proposals for RARC 83. With the system
conceptual design work completed no such major constraints
have been identified. A discussion on the system technical
parameters used in this study and those of the Canadian First
Draft Proposals is considered useful and presented below.

Modulation:

Frequency modulations has been assumed in this study and
the First Draft Proposals.

Signal~to~-Noise:

This parameter was not examined in this study.

Carrier-to-Noise:

This parameter was not examined .in this study.

RF Bandwidth

"The conceptual design is based on 18 MHz channel bandwidth.
If the channel bandwidth were to be increased to 21 MHz as
suggested by the First Draft Proposals a reduction of the total
numbet of channels possible within the available 500 MHz spectrum
should be expected due to 1ncreased interference effects.

Based on 18 MHz RF bandwidth a 40 channel plan is possible
within the 30 dB aggregate carrier—to-interference constraint.
An increase of BW to 21 MHz would probably limir the total number
of channels to 36 instead of 40 for the same C/I. Some inpact
on multiplexer design is alsc anticipated but 1t is not expected
to be a serious omne.

Protection Ratio

It has been shown in this study that an aggregateC/A% 30:dB is
possible based on an adjusted protection ratio mask described in
subsection 3.2. This mask is derived from the one defined in
the WARC-77 Final Acts Documents by prorating the frequency scale
in the ratio of the RF bandwidths: 18/27. The validity of this
approach should be examined by subjective picture quality tests.

Inter-Service Interference

This subject was not covered in the present study.

—-35-



Characteristics of Receiving Earth Stations

In the area of interference evaluation from adjacent orbital
stations a lm antenna and the WARC-77 receiving antenna
characteristic have been assumed by this study. This is in

agreement with the First Draft Proposals.

Type of Polarization

Circular polarization in uplink and downlink has been assumed
in agreement with the current Canada's position described in the
First Draft Proposals.

This topic is covered in subsection 2.2.2 of this study.

Satellite Antenna Characteristics:

Antenna Beam Shapes Used in Planning:

This subject is receiving considerable attention in a
number of separate studies. In this study a shaped
beam approach has been followed as described in sub-
section 4.2.3 and Appendix A.

Satellite Transmitting and Receiving Antennas

The antenna conceptual design part of this study has
addressed the questions of crosspolarization discrimination
(XPD) and. sidelobe levels of the satellite antennas. No
major conflicts exist between the findings of this study
and the First Draft Proposals. XPD performance of 27 to

30 dB appears to be realisable for circular polarization.
The intrasystem interference evaluation performed in

this study shows that 27 dB XPD for both the transmit

and receive satellite antennas is adequate in satisfying
the carrier-to-interference objective of 30 dB.

\:

Minimum Satellite Antenna Beamwidths

The antenna design undertaken in this study led to a

" "reflector sizé of 75 inches.” The upper limit of refléctor -
size compatible with the present spacecraft conceptual
design is approximately 90 inches. Different designs,.
presumably, could contain practical reflector sizes to the
limit of the launcher dynamic envelope.

Antenna Pointing Accuracy

Preliminary examination of antenna pointing error in the
present conceptual design indicated that total pointing
errors of the order of j:O.lS degree must be considered
unless some method of RF tracking is employed. In this
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At

Antenna Pointing Accuracy(cont'd)

conceptual design antenna gain values have been adjusted
for a pointing error of ¥ 0,15 degree. The gain

"reduction" due to pointing error exceeds 1 dB which
makes it quite significant. The question'of antenna
pointing accuracy and possible use of RF tracking appears
to merit a separate system optimization study.

Transmitting Earth Stations:

This topic was examined under the previous DBS study
(Direct Broadcast System Modeling Study, DSS Contract
0ST80-00134). The only aspect of transmit earth station
characteristics used in this study was the crosspolarization
discrimination of the antenna. As part of the interference
analysis an XPD of 30 dB has been assumed based on the 14 GHz
INTELSAT V 10m antenna specifications.

Battery Power Required During Eclipse Periods:

The use of Nickel-Hydrogen batteries has been assumed in
the present conceptual design.

Satellite EIRP

d : o

Two EIRP values have been used as the bases of the
conceptual design: 54 dBw and 50 dBw at Edge of Cover-—
age. TWT power required to satisfy this EIRP ranges
from 40 w to 170 w RF.
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2.2.5

Eclipse Operation

Considered below are. the power requirements for
system to provide service to 1:00 a.m. local standard
time during eclipse. It is assumed that the system
operates from two orbital locations at 100° and 1300W

and that the western beams are serviced from the western:

orbital location while the eastern beams are serviced from

the eastern location. Six and four beam systems are considered.
Eclipse power requirements are expressed as a per-

centage of full operation power and include the power

required by the active TWTA's plus standby power for

the remaining TWTA's. The standby power is necessary

for heaters used to maintain the TWTA within permissible

temperature limits and full or partial filament operation.

. Arbitrarily,the amount of standby power is assumed to be

15%Z of the full operation power of the TWTA.

The occurrence of eclipse in terms of local time at

the westernmost service area covered by the satellite

is shown in Figures 2.2.5-l.and 2.2.5-2 for the 1009W
and 1300W orbital locations respectively. The beginning
of eclipse in texrms of local standard time at each
service area and the necessary percent power to provide
service ‘to 1:00 a.m. is given in Figures 2.2.5-3 and
2.2.5-4. This power is only what is required by the
active TWTA's. :

The total eclipse ﬁower requirements including standby
power are summarized below.

SIX BEAM SYSTEM ‘ .

WESTERN ORBITAL SLOT

One beam operated 787 of the eclipse time and it is on
standby for the other 227 of the time.

Two beams.-are on standby for the full eclipse duration.

Eclipse Power = (78 fMEZ x 0.15 + 2 x 100 x 0.13) + 3 = 37.1%

S - . . .
1l beam "2 beams Avg./Bean

EASTERN ORBITAL SLOT

All three beams are on standby for the full eclipse duration.

Eclipse Power = 3 x 100 x .15 + 3 = 15%
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2.2.5

Eclipse Operation(cont'd)

FOQUR BEAM SYSTEM

WESTERN ORBITAL SLOT

One beam operates 787 of the eclipse time and it
is on standby 22% of the time.

One beam is on standby for the full eclipse duratiom.
Eclipse Power = (78 + 22 x 0.15 + 100 x .15) + 2 = 48.2%

EASTERN ORBITAL SLOT

Two beams are on standby for the full eclipse duration.
Eclipse Power = 15%
In the conceptual spacecraft  design covered in Sections 4.4

and 4.5 50% eclipse power has been included.
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Eastern Standard Time ~ : Eastern Daylight Saving Time . : ~ .| Eastern Standard
. : : o Time
1:00 A.M. o [2:00 AWM. | ~ . {1:00A.M.
1:40 A.M. Local Midnight F
2:00 A.M., \‘ } 3:00 “AM., ,2_:00,6\.’“.~
3:00 A.M. o 4:00 A.M. |  13:00A.M. R
1 ? 1 ¢ 1 y 1 (- 1 1 1 :
Jan.  Feb. Mar. - Apr.’  May Jun. Jul. Auvg. Sep. Oct.  Nov. Dec.

P

Figure 2.2.5.1 Eclipse Occurence and Duration Throughout a Year at Eastern Time Zone & 100° W Satellite Orbital Slot.
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P;cific Standard Time Pacific Daylight Sairing Time Pacific Standard
‘ " | Time
00:00. Midnight K - |1:00 AM. ‘ _ . 100:00 Midnight
3 00:40 A.M. Local Midnight"
1:00 AM, \ ' } 2.:00 A.M, 1:00 A .M,
2:00 AM. 3:00 AM, | 2:00A .M.
i
1 1 1 t [ t 1 1 1 ] 1
Jan.  Feb, Mar. - Apr. May Jun. Jul, Aug. Sep. Oct. Nov. Dec.

Figure 2.2.5.2. Eclipse Occurence and Duration Throughout a Year at PacificTime Zone & 130° W Satellite -Orbital Slot.
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TIME ZONE: PACIFIC MOUNTAIN CENTRAL EASTERN ATLANTIC NFLD

LOCAL STANDARD
TIME ECLIPSE ‘ -
BEGINS : . 00:04 01:04 02:04 01:04 . ] 02:04 02:34

(

[+
| o
Jw
|~

% OF NORMAIL BEAM
LOAD REQUIRED FOR
OPERATION TO 1 AM

LOCAL STANDARD TIME: 787 0% - o 0%
% OF TOTAL SYSTEM . )
LOAD: 39% 0% ) 07 ' - 0%
WESTERN SATELLITE AT 130°%W | ' L - "EASTERN SATELLITE AT 100°W

Figure 2.2.5.3 ECLIPSE OPERATION LGAD FOR_& 3EAM SYSTEMS
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. TIME ZONE: PACIFIC MOUNTAIN CENTRAL ) EASTERN ATLANTI( NFLD
LOCAL STANDARD
TIME ECLIPSE .

BEGINS: 00:04 01:04 02:04 01:04 02:04 |  02:34

f=
jro
jwo
&~
v
jon

% OF NORMAL BEAM
LOAD REQUIRED FOR
OPERATION TO 1 AM

LOCAL STANDARD TIME: 78% 0% 0% 0% : 0% 0%

% OF TOTAL SYSTEM

'LOAD: 262 0z - oz | 0% , 0% 0%
WESTERN SATELLITE AT 130°%W. . " 'EASTERN "SATELLITE AT 100%W

Figure 2.2.5.4 ECLIPSE OPERATION LOAD FOR 6 BEAM SYSTEMS
(TWO ORBITAL LOCATIONS) ‘
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2.3

Anik-C to DBS Transition

A very important factor which determines the degree to which
an interim (11.7-12.2 GHz) DBS service can become successful
in Canada is the extent of compatibility of the TVRO terminals
with a (12.2-12.7 GHz) DBS system. Differences between Anik C
and DBS receive frequency bands and probably polarization
difference preclude direct compatibility of receiving stations.

'.However, it would seem feasible to arrange for a simple modif-

ication of Anik C TVRO terminals to permit operation with

a future DBS system. Anik C receiving terminals should, there-
fore, be designed so that they can be readily changed for
operation using the DBS reception band and polarization.

A comparison between key technical characteristics of the Anik C
system and DBS system are furnished in the following table in
order to evaluate the transitional problems.

Parameters Anik C DBS
Uplink Frequency Band, GHz 14.-14.5 17.3-17.8
Downlink Frequency Band, GHz - 11.7-12.2 ~12,2-12.7
Polarization ' ' linear circular#
EIRP at the Edge of Coverage 47 50-54
= v rAreay, dBW ~ '
Number of Downlink Beams 4 to 2 4or6
Number of Uplink Beams 1 1%
RF Signal Bandwidth, MHz 54 20%

*Assuned as (a Iikely parameter for Camada. ' _

This report examines the transitional problems from Anik C to
a DBS system. Two possible models for orbital positions are
considered (a) four beams, two orbit locations, (b) six beams,
three orbit locations. It is expected that the Govermment of
Canada will apply for orbital locations close to those assumed
in the repoert, for a Canadian DBS system.

In what follows, the first section examines the general problem
of transition from interim DBS (Anik C) to a DBS system, when
either model (a) or (b) is chosen for the DBS system. Satellite
EIRP is, then, considered and it is pointed out that in the costs
study the sum of the satellite EIRP and the receiving termimnal
G/T should be considered in design of a future DBS system.
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2.3.1

2.3.2

Finally, DBS receive terminals and feeder links are described and
the transitional problems from an interim Anik C DBS system to a

DBS system are addressed from a technical compatibility point of
view. Although there are differences in frequency band, EIRP and
possibly in polarization, it appears feasible to plan for an orderly
transition of service without interruption of programming and without
excessive costs.

Four Beams, Two Orbital Positions vs.
Six Beams Three Orbitdl Tiocations

There are two suggested scenarios for a future DBS system which are
briefly discussed below:

a) Four beams, two orbital locations:

Each satellite would cover half of the country, two beams for the
eastern coverage and the other two to cover the Western region. The
satellite covering the Eastern region would probably be positioned at
about 100°W. This would. prevent satellite eclipse before 1:00 a.m.

‘in the areas served, compatible with acceptable elevation angle

constraints. A broadcaster in the east (or west) would require only

one uplink antemna to distribute program(s) in the same region. In the
case of a national broadcasting uplink from certain areas in the. extreme
east of'Canada, e.g. St. John's, a terrestrial link px double hopping
would be required since the Western satellite positioned probably at
about 135°W may not be able to cover that part of the country.

b) Six beams, 3 orbital positions:

In this model three beams would cover half of the country. For eastern
coverage two beams would be from the satellite positioned probably at
about 85 W and the third beam from a satellite located at about 100 We
The elevation angle in this scenario is higher for viewkrs in Atlantic
provinces where heavy rain fall occurs and as a result, this model

would provide a smaller outage time due to a rainy atmosphere. Further~
more the chance of shielding the view of the antennas by a building or

.any other obstructions would be reduced. The broadcaster, however,

would require an additional uplink antenna pointed to the second
satellite. He would also utilize more channels in order to broadcast
the same number of program(s) as in the two orbital positions case
(six channels versus four for full country service). TIn.this model
the third satellite would probably be positioned at about 135° W.

'Satelllte "'EIRP Consideration

_ In the selection of the antenna size there are two factors which

determine an upper bound on the size, that is, cost and practical
considerations such as ease of installation and operation. The
reflector cost is' the primary factor determining the antenna costs
with the size also determining to a large extent the costs for mount
and installation,
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2.3.3

From a practical and operational standpoint the larger antenna sizes
will result in higher mispointing losses, and increased wind and ice
loading on the structure. Consideration must also be given to the
esthetic impact and available space especially in urban/suburban areas.
In addition, an investigation of the present state of the art of LNA's
at 12 GHz and a reasonable projection of development trends indicates
that a practical temperature achievable in high volume production, in
the near future is about 230°K (NF= 2.5dB).

Taking these factors into consideration, a DBS systemw wi;hﬂﬂigh"ﬁikﬁ i§:_;:

more attractive to the viewers than the one with low EIRP. However,
the cost of space segments would be considerably greater for a DBS with
higher EIRP. This suggests that in the design of a DBS system both the
satellite EIRP and receiving terminal G/T should be considered in order
to minimize the total cost of the system.

DBS Receive Terminals

DBS receive terminals consist of three major subsystem components:

an antenna, an outdoor electronic unit (ODU) and an indoor unit (IDU).
For a given figure of merit G/T of a receive terminal, the principle
parameters which determine this value are the antenna gain and the
noise figure of the outdoor unit, comprised of a low noise amplifier
and/or a down converter/pre-amplifier unit.

A cost optimization trade-~off is possible in the selection of antenna
size (gain) and ODU noise figure ‘to achieve a desired performance,
However, if the receiver noise. figure used is the lowest practical

and cannot be significantly improved without large expenditures of
money, then improvements in terminal performance would most economically
be achieved by increasing the antenna size.

In the receiver unit, the ODU is presently seeing very significant
design development, hence, it is difficult to forecast accurately
cost and performance over the next few years. Low noise amplifiers
with one or two stages of amplification using Gallium-Arsenide Field
Effect Transistors (GaAsFET) are presently approaching a noise figure

-of less than 3 dB, and are expected to approach 2 dB in the next decade.

“The IDU essentially ‘comprises the second stage ‘of the down™ conver51on or T
‘tuner, with filtering/amplification and a demodulator/remodulator. o

The unit also houses an addressable decoder. The latter can be 4

controlled from a central point to allow the subcriber to view only
those programs he has ordered.
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2.3.4 .Conversion of Trterim TVRO terminals t6 'd DBS System

Two approaches may be considered in conversion of interim DBS
receiving terminals to a future DBS system. In the first approach,
the DBS terminals are initially designed to operate over both the
Anik C 11.7-12 GHz band and a future DBS 12.2-12.7 GHz band. This
approach may mot be possible at this time due to the fact that the
‘performance of a DBS TVRO terminal would be inferior if it were
designed to operate over a 1 GHz band as opposed to -the 500 MHz
band designed either for Anik C or a future DBS system. That is,
.the LNA matching circuitry, the input transition as well as the
GaAsTET devices and the antenna feed structure can be designed and
biased for much better performance in terms of the system noise
figure and the antenna characteristics over a 500 MHz operational
bandwidth than a 1 GHz bandwidth.

SED of Saskatchewan is currenly developing a feed and an LNA which
-will operate within 11.7-12.7 GHz band. The maximum noise figure
-(NF) across the 1 GHz band was measured to be 3.2 dB. The price

‘of each unit is expected to be high in the beginning, but as the
market grows it should drop sharply to a few hundred dollars. SED's
TVRO can easily be converted to clrcular polarization when it is
necessary and viewers can switch either to left or right sense of
CP reception.

In the second approach, however, the DBS TVRO terminals would be

designed for operation in the 11.7 -~12.2 GHz band such that they

could, at a later date, be readily converted for operation in the
© 12.2-12.7 GHz band. This approach has the following advantages:

a) It provides for the lowest cost and the simplest terminal for
the initial service.

b) It permits an optimum design of the terminal for the initial

’ service. :

c) It permité'ﬁﬁéwiéfééfﬂEgéﬁﬁaigg§“éﬂd-ﬁaidwére to be employed
(e.g. LNA) at the time the transfer to 12.2-12.7 is made.

d) It permits the "conversion kit'" to be designed after the system
parameters have been selected by RARC 83. :

In the conversion process .of receive station, the front end (i.e.
antenna feed and first down conversion stage) of TVRO terminals seems
to be the only major parts which would have to be retrofitted with
propetr hardware due to the shift in the receive frequency band and
changing polarization from linear to circular.
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2.3.5

This could be accomplished by either replacing the entire outdoor
unit (antenna, feed and first down converter) or by retrofitting
the antenna feed and the outdoor electronics with appropriate
hardware. The cost of this comversion would, therefore, be
considerably less (about 1/2) than the cost of a new DBS terminal.

Effects of differences in channel bandwidth and channel spacing on -
the IDU should also be considered in the design of the IDU.

It should be noted here that in the beginning when the DBS traffic
is low and the adjacent channels are not used, the change from
linear polarization (LP) to circular polarization (CP) may not be
necessary in ther interim transition of TVRO terminals to a DBS
system and they could operate for an interim time with a 3 dB
polarization loss. This is due to the higher EIRP of the DBS
satellite which would compensate for the polarization loss of the
TVRO terminals. This is especially applicable to the case of a DBS
.system with high EIRP (54 dBW at the edge of coverage area), however,
for a DBS system with a low EIRP (50 dBW) there could be a problem
for the viewers near the edge of coverage zone. As the DBS traffic
grows unacceptable interference from adjacent cross-polarized
channel would adversely affect the LP receivers and eventually the
\LP feeds would need to.be replaced or retrofitted to CP feeds in

*a convenient time. Employing CP feed from the beginning in the

interim DBS (Anik C) is not possible due to low EIRP characteristics
of Anik C, unless one is prepared.to go to a larger dish which is
considerably more expensive, conspicuous and harder to mount.

‘Feeder Links

In the countries with a single beam coverage the channels of the

‘DBS satellite can be accessed from anywhere within the country.

‘A similar capability for countries with a multibeam coverage requires
a careful planning of national feeder links. There are two types of
channels for multibeam. countries: regional channels accessible only
from within 1ts corresponding downlink service area and national
channels accessible from inside and/or outside its corresponding
downlink service area. If direct access to national channels is

- required from anywhere within the country, a country-wide uplink

service area is needed. If direct access is required from only One
or few national broadcastlng centers whose locations are known, one’
.uplink service area for each national center .needs to be planned

If the locations are not known a country-wide uplink service area

' may still be. needed for planning purposes.

National channels can either be accessed directly using feeder links
to broadcasting satellites or indirectly by using a satellite in the
fixed satellite service or a terrestrial microwave network for the
distribution of the national programs to regional centers of the
broadcasting satellite systems. Probably, this will be the case
when one of the satellites is positioned at about 135°W and it may
not cover some parts of Canada, in the East.
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2.3.6 Conversion of Transmitting Stations

Differences in frequency band and polarization would require a major
modification of Anik C uplink stations for DBS transmission. A require-
ment for modification to operate simultaneously at both 14 and 18 GHz
may not be desirable because of technical difficulties, and the like-~
lihood that an Anik C and a DBS spacecraft would not be colocated in
orbit. Although the main antenna reflector could be designed initially
for operation up to 17.8 GHz, an entirely new antenna feed and HPA
would be required. Retrofitting Anik C feeder links, however, would
cause down time periods as long as a month. During this period the
broadcaster could lose the monthly fee from the viewers, advertising
revenue and possibly some of his market due to a lengthy interruption
of this program. Furthermore, not all the viewers would be prepared

to repoint their TVRO terminals to a DBS satelllte.

Multibeam torus antennas aimed at different satellites might be used
by a broadcaster. However, the specified aperture size of a torus
antenna depends on the designed field of view and it becomes very large
for large separation between satellites. Furthermore, the look

angle of the reflector varies with the station locatlon and, therefore,
the mount structure can be totally different from one location to the
other. " This makes the mount and the feed horn fixture almost useless
for other locations. The initial installation, antenna erection and
alignment phases of torus are also significantly more complicated than
those of conventional dishes with comparable sizes. In addition, the
use of torus in place of multiple conventional parabolic dishes is only
cost effective if more than two satellites are simultaneously being
accessed from a single site. In view of the above discussion and the
possible use of Anik C as an interim DBS until late 1980's, makes the
investment of a torus unattractive at this time.

The most likely approach for going to DBS systeﬁ is that regional and
national transmitting. sites developed for Anik C would be augmented

by the addition of separate antennas and HPA's for the DBS service.

This plan has an advantage that there would not be any interruption -

‘on service continuity. The broadcaster could continue transmitting
programs on both Anik C and the DBS system (at some added cost) until
the majority of viewers have transferred to the DBS system. This trans-
tional period to a future DBS system may take as long as six months.
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2.3,7 Cornclusion

The most acceptable transitional scheme from the interim DBS (Anik C)
to a future DBS system would likely be as follows:

1) Anik C interim DBS system starts sometime in 1983;

2) Treceiving stations readily adaptable to future DBS technical
characteristics (RARC 83) are installed. At the same time,
transmitting earth stations would be developed;

3) A DBS system using 12.2-12,7 GHz band could start as early
as 1987, During about half a year overlapping period, some
programs would be carried simultaneously on Anik C and the DBS.
Anik C receivers would be adapted to the DBS band (and possibly
polarization) and repointed during this time.

This general scheme and the tranmsitional problem, referred to

earlier are essentially the same for both low or high EIRP and for
both low or high EIRP and for two or three orbital position models.

<
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Communications Subsystem Analyses

Frequency and Polarization Plans

The frequency plans developed in this section are only
those. which satisfy the scope of system configurations
as set out by the Statement of Work and subsequent
redirection resulting from the findings of this study.
The initial intent was to examine systems of only two
orbital stations. This plan, however, allows only up
to a maximum of possibly 10 channels per service area:
in the case of six beam system. To overcome this
limitation, systems of three orbital stations had to
be considered for six beam systems.

The system characteristics considered in the develop-
ment of frequency plans are the following:

a) Required Channel Bandwidth: 18.MHz.

b) System Capaéity Growth Plan: Initial capacity of
8 channels per
service area (beam).
Ultimate capacity
of 16 channels per
beam. ’

c) Number of Orbital Stations: 2 or 3.

d) Intrasystem Interference:Aggregate C/I 30.dB based .
on an adjusted protection
ratio mask as presented
in Section 3.2,°

In addition, the following design considerations
have been used in the frequency plan development:

e) Number of spacecraft pef orbital station.
£) Commonality of design for all spacecraft in the system.
g) Low loss, versatile output multiplexers.

- Based on these general objectives specific frequency and

polarization plans have been developed for the range of
system contained, in Table 3.1.1 and are presented in
Tables 3.1.2 to 3.1.7. ’ To satisfy the
need of all the system configurations considered three
basic Channel Frequency Plans are required for 32, 36
and 40 channels each. Figures 3.1-1, 3.1-2 and 3.1-3
contain these plans.

~ ~51-




Frequency and Polarization Plans (cont'd)

The spectrum division to accomodate the required
frequency plans is based on the assumption that all
500 MHz of spectrum is available to each orbital
station for the transmission of identical TV channels
of 18 MHz bandwidth. Transmission over this band

of other services such as HDTV (High Definition TV),
Telidon and Radio is possible with some modifications
to the repeater and to the frequency plan in the case
of Telidon and Radio.Transmission of HDTV is possible
within the proposed frequency plans as presented in
Section 3.6, The portion of the spectrum

required for transmission of Telidon and Radio is ex-
pected to be small, hence such spectrum allocation will not
affect the validity of the conclusions drawn from the
Present spectrum division. '

Channel spacings have been derived by the following
method: ‘ ‘ .

Available Spectrum o : 500 MHz
Guard Band as per WARGC 79
'Based on 55 dBW EOC EIRP - 113 MHz
Number of Channels N : 40

: 36

: 32
Channel spacing: §Q§:;T£§ for cross-polarized channels

500 - 13 .
NF 1 X 2 for co-polarized channels
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3.1 Frequency and Polarization Plans (cont'd)
40 CH 36 CH 32 CH
PLAN PLAN PLAN
Cross-polarized 11.9 MHz 13.2 MHz | 14.8 MHz
Channel spacing
Co-polarized 23.8 MHz 26.3 MHz | 29.5 MHz

Channel spacing

The resulting channel frequency
Figures 3.1.1, 3.1.2 and 3.1.3.
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17.3 Ghz A UPLINK ' 17.8 GHz
12.2 CHz : . . ——— DOWNLINK- — 12.7 GHz
1 3 5 7 9 11 13 15 171 |19 21 23 251 {27 29 31 LHCP
(RHCP)
2 4 1 {6 8 10 12} {14 16 18 20 22 24 26 28 30 32| |Lucp
. ’ ‘ ’ (RHCP)
. _129.5 Miz
14.8 MHZ-‘ |

FIGURE 3.1.1 32 CHANNEL FREQUENCY PLAN
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17.3 CHz. ' : ~ UPLINK - 17.8 GHz
12.2 dliz DOWNLINK - 12.7 GHz
it 13115 7 9§ 11 13) | 35t {3z 4 daof {23} |23 125) J271 120f 1331 {331 |35 RHCP
' . ’ (LHCP)
2 4 6 8| lio] |12 14 | 16| |18 {20] (22| {24 {26 4281 {30{ {32 |34} [36 LHPC
‘ . (RHCP)
| 26.3 MHz
— LQ*IB.ZMHZ

FIGURE 3.1.2 36 CHANNEL FREQUENCY PLAN
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17.3 GHz — _ UPLINK ‘ 17.8 GHz
12.2 GHz DOWNLINK 12.7 GH;
G 171l 1Tl sl [as Wz T aolf2n [T23 [ 25127 120 1s1 1531155157 1[50 ]
: , iner)
21 e e 1m0 1 [Fz] [Tl [Telze] [201 22 ] [ 2] [ 26l 28 1 [ 30] [ 32132 1 [36 1 [381 [%0] | |cRHce)

23.8 Miz .
11.9 Mz

B O L L

FIGURE 3.1.3' 40 Ci:IANNEL FREQUENCY PLAN



NUMBER OF | NUMBER NUMBER NUMBER NUMBER FREQUENCY NUMBER OF

ORBITAL OF BEAMS OF CHANNELS | OF CHANNELS OF CHANNELS PLAN: SPACECRAFT
STATIONS IN SYSTEM - PER BEAM PER ORBITAL STATION] PER POLARIZATION| REQUIRED FOR FULL SYSTEM
2 4 16 32 ‘ 16 32 channel 4,8
6 - 8% 24 16 32 channel 2,4
9% ' 27 18 36 channel 2
10%* ' 30 20 40 channel 2,4
3 6 16 32 16 32 channel 6,12

* This system configuration cannot provide the required ultimate capacity of 16 channels per beamn.

TABLE 3.1.1 REQUIRED FREQUENCY PLAN FOR FULLY GROWN SYSTEM
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ORBITAL STATION | . Coas0®w . T o 100% W

BEAM - o ' 1 ' 2“ B 3 1 4

POLARIZATION , RHCP. - rECP | . ' Cruce | LHCP

e ' "9 13 © 10 - 14 0 o 9 - 13 | 10 - 14"
sew. 17 - 21 | 18-22 0 |SCEE 1 47 a3 .18 - 22 -
256 ~ 29 - | 26-30 - | - " 25-20 .| “26- 30

sean 802k . 11 - 15 12.- 16

TABLE 3.1.2 - 'FREQ'U‘ENCY AND POLARIZATION PLAN. FOR CONFIGURATION  2416/16 .




ORBITAL STATION

130° w

BEAM

POLARIZATION

-RHCP

LHCP

SCclw

9 - 17 - 25 | 2

10

- 26| SCLE

100° w

RHEP

YLHCP

1 - 9-17.- 25| 2

- 10—

18

26

5C2W

11 - 19 - 27} &

12

- 28| SC2E

W -
I

11 - 19 .- 27| &

20

28]

Sc3w

13 - 21 - 29} 6

14

_ 30|-SC3E

5 -13 - 21 - 29 6

- 14 -

.22

f30'

- Sc4W

15 - 23 - 31 8

16

- 32| SC4E

7 - 15 - 23 - 31| 8

- 16 -

24 -

39

PLAN

. TABLE 3.1.3 - FREQUENCY AND POLARIZATION

FOR '‘CONFIGURATION 2416/8



ORBITAL STATIOHN . WESTERN . . CENTRAL EASTERN
BEAM - 2 .3 S Y S 5 6
POLARIZATION - RHCP  LHCP "{ . RHCP LHCP RHCP LHECP
1 -5 . 2 - 6 | 1 -5 2 - 6 1 -5 2 -6
SC1W 9 - 13 10 - 14 sc. |9 - 13 l10 - 14 sc| 9 - 13 10 - 14
17 - 21 18 - 22 0 L7 - 21 18 - 22 |ip 17 - 21 1 18 - 22
25 - 29 . |26 - 30 25 - 29 - |26 - 30 . 25 - 29 26 - 30
3 -7 L - 8 3 - 7 4L - 8 3 - 7 L - 8
11 - 15 | 12 - 16 sc 11 - 15 12 - 16 . |sc 11 - 15 12 - 16
sca2w 19 - 23- 20 - 24 2C 19 - 23 20 - 24 }2E 19 - 23 - | 20 .- 24
27 - 31 - 28 - 32 : 27 - 31 - .| 28 - 32 . 27 - 31 28 - 32

TABLE 3.1.4 - FREQUENCY AND POLARIZATION PLAN FOR CONFIGURATION‘ 3616/16

-

TABLE 3.1.4 - FREQUENCY AND POLARIZATION PLAN FOR CONFIGURATION 3616/16
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ORBITAL STATIO: WESTERN | CENTRAL EASTERN
BEAM 1 2 s 4 5 6

POLARIZATION - RHCP ~ LHCP RHCP LHCP RECP LHCP

| sC . 1sc
sciw 1-9-17-25 | 2-10-18-26 |1E | 1-9-17-25 [2-10-18-26 [IE |  1-9-17-25 [2-10-18-26
scaw 3-11-19-27 | 4-12-20-28 |§¢ | 3-11-19-27 |4-12-20-28" $6| 3-11-19-27/4-12-20-28
sC3W 5-13-21-29 | 6-14-22-30 |SC | 5-13-21-29 |6-14-22-30 [SC| 5-13-21-29l5-14-22-30
SCA 7-15-23-31 | 8-16-24-32 |35 | 7-15-23-31 |8-16-24-32 [§§ | 7-15-23-31j8-16-24-32

TABLE 3.1.5 - FREQUENCY AND POLARIZATION PLAN FOR CONFIGURATION. 3616/8

TABLE 3.1.5 - FREQUENCY AND POLARIZATION PLAN FOR CONFIGURATION 3616/8
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ORBITAL STATION

130° W

BEAM

POLARIZATION

' LHCP

RHCP .

. SCW |

~

- 4—=9 CH/BEAM

.8 cH)BEAM N

-2
6
10-

14
18

22
26
30

41

.15 -

‘19
23
57

31

SCE

34,

35 -

10 CH/BEAM

38 © .

39"

TABLE 3.1.6 - FREQUENCY AND POLARIZATION PLAN' FOR CONFIGURATIONS 268/24, 269/27, 2610/30
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. TABLE 3.1.6 - FREQUENCY AND POLARIZATION PLAN FOR CONFIGURATIONS 268/24, 269/27, 2610/30
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| ORBITAL STATION

v v

130° W,

BEAM

. POLARIZATION' .

'RHCP |

CLHCP.

'RHCP

sciw

10 CH/BEAM

r8.CH/BEAM

17
25

2
10
18

26"

11

19 ¢

27

RHCP

RHCP

SC1E

17"
25

1
19
27

33"

34

35

33

35

SC2W

8. CH/BEAM| |

13
21
29

14
S22
30

15
23

31

SC2E

13

- 22

15
23
31

37 -

38

39

37 .

38

‘39

'+~10 CH/BEAM

TABLE 3.1.7 - FREQUENCY AND POLARIZATION PLAN FOR‘CONFIGURATIONS 268/12 and 2610/15
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3.2

Intrasystem Interference

assumed to be considered elsewhere and has been omitted.

The following interference analysis covers only the intrasystem
interference and applies to system configurations considered in this
study. Any external interference resulting from other systems is

Three system configurations are considered necessary to cover the
range of possibilities:

N

a) 4 Beams, 2 orbit locations - 16 channels/beam

b) 6 Beams,

N

orbit locations -
- 8 channels/beam
- 9 channels/beam
- 10 channels/beam
¢) 6 Beams, 3 orbit locations - 16 channels/beam
In case b) the analysis is carried to an ultimate capacity of 10

channels/beam which is considered a practical limit to the allowable
channel separation.

The system parameters which determine the level of interference in

- the system are described below.

Figure 3.2.1 gives the Interference Protection ratio resulting from the
carrier frequency separation. This characteristic is based on the

WARC 79 recommendations and has been adjusted for the narrower channel

bandwidth for Region 2. The original characteristic was derived from.
a channel bandwidth of 27 MHz. The "adjusted" characteristic has been
derived by prorating the frequency scale of the original at the ratio
of 18 + 27. The validity of this approach has been assumed without
supporting analysis.
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Antenna cross-polarization discrimination (XPD) figures have been
derived from WARC '79 where available otherwise other sources have
been used as indicated below. Two interference calculations have
been performed to show sensitivity to the satellite antennas XPD
of which realisable limits have yet to be defined.

Antenna XPD Values

Set #1 Set # 2
Ground Uplink _‘ 30dB (INTELSAT V) ‘ 30dB (INTELSAT V)
Spacecraft Uplink 33dB (assumed) 27dB (INTELSAT V)
Spacecraft Downlink 33dB (WARC '79) 27dB (INTELSAT V)
Individual Receiver 25dB (WARC '79) 25dB (WARC '79)
Total System XPD 22.,9dB 20.9dB

Set #1 antenna parameters are mainly based on WARC '79 objectives for

Region 2. The ground uplink and individual receiver antenna XPD is

expected to remain as shown. The spacecraft transmit and receive

antenna XPD are considered somewhat optimistic for circularly

polarized. shaped beam antenna. In addition, it might not be necessary

to burden the spacecraft antenna design with very stringent XPD

requirements while the individual receiver antenna is effggtlvely o
controling the system XPD. The. sensitivity of system XPD to satellite
XPD is 111ustrated by set #2 which uses more conservative but realizable
spacecraft XPD values.

The copolar angular discrimination of the satellite transmit and the
individual reception antennas are the only ones which enter the inter-
ference calculations. The WARC '79 reference patterns of Figure 3.2.2
and 3.2.3 have been assumed for this purpose. If Im diameter
individual reception antenna is assumed the copolar angular
discrimination towards other satellite positions is as follows:

32 dB

15° orbital arc spacing =
20° orbital arc spacing = 35 dB
30° orbital arc spacing = 38 dB

The transmit satellite antenna has been assumed to provide conservatively,
5 dB discrimination into copolarized adjacent beams and 0 dB
discrimination into adjacent crosspolarized beams.
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Interference occurrence situations encountered in the three
system configurations considered in this study are shown in
Figures 3.2.4, 3.2.5, and 3.2.6. The only significant
interference components considered here are:

a) Co~channel

b) Adjacent co-polarized channels

c) Adjacent cross-~polarized channels

All other interference components have negligiblé effect and
have been omitted.

The resulting interference values are presented in Tables 3.2.1,
3:2.2, 3.2.3 and 3.2.4.,

~ The agfegate C/I for the system presented in Table 3.2.3 and

3.2.4 indicate that the 30 dB objective is met in all cases of
orbital station spacing of 20° or greater. The effect of the
relaxed satellite antenna XPD (Set #2) is almost insignificant
in the cases of 4 Beam, 2 orbit location and 6 beam, 3 orbit
location systems. The total C/I degradation in the case of the
6 beam, 2 orbit location system is significant and in the order
of 1.5 dB. This increased sensitivity of the latter system
configuration does not cause the aggregate C/I tq_fall below
the 30 dB objective, hence it is not expected to drive the
satellite antenna XPD objective upwards.

The conclusions to be drawn from this interference analysis are
that all the selected frequency plans, antenna parameters and
system configurations can satisfy the interference performance
objectives to a satellite spacing of about 17°. Interference
becomes marginal at 150 gpacing although it mlght be still"
acceptable.
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. 0 .
Orbital Station 130w Orbital Station 100°Ww

Example of Interference (worst case)

Victim Channel
Interfering Channels :

Ch. 4, Beam 2

- within same orbital location : Ch. 3 and 5 adjacent crosspolarized
from Beam 1

Ch. 2 and 6 adjacent copolarized
from within same Beam

- from other orbital location : Ch. 4 cochannel copolarized
from Beam 4

FIGURE 3.2.4 OCCURRENCE OF INTERFERENCE IN
4 BEAM, 2 ORBITAL LOCATION SYSTEM
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orbital station lBOdw

Beam 2
- THCP

example of interference(worst case)

Victim channel
Interfering channels

-~ within same orbital location

~ from other orbital location

orbital station 100°w

Beanm 5
LHCP . RHCP

Ch.6 in Beam 2

Ch.5 and 7 adjacent cross-polarized
from beams 1 and 3

Ch.4 and 8 are not used in this
frequency plan

Ch.6 Cochannel copolarized from
Beam 5

FIGURE 3.2.5 OCCURRENCE OF INTERFERENCE IN

6 BEAM, 2 ORBITAL LOCATION SYSTEM
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western orbital station

Beam 2 Beam 3
RHCP * THCP RHCP

" Example of Interference(woxst case)

Victim Channel
Interfering Channels

- = within same orbital loc¢ation

- from other orbital location

central orbital station

Beam 4
LHCP RHCP LHCP

eastern orbital station

Ch. 4 in beam 4

Ch. 3 and 5 adjacent crosspolarized
from Beam 3

Ch. 2 and 6 adjacent copolarized

from within same beam

Ch. 4 from Beams 2 and 6

FIGURE 3.2.6 OCCURRENCE OF. INTERFERENCE IN

6 BEAM, 3 ORBITAL LOCATION SYSTEM
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40 Channel 36 Channel 32 Channel
Frequency Plan Frequency Plan Frequency Plan
Crosspol Frequency Spacing : 11.94 MH=z 13.2 MHz 14.8 MHz
Frequency Spacing Improvement 14 dB 16.5 dB 20 @B
Total System XPD ' 22,9 dB 22.9 dB 22.9 dB
C/I due to 2 Crosspol Entries , 33.9 dB 36.4 dB 39.9 4B
Copol Frequency Spacing _ 23.8 MHz ' 26.3 MHz 29.5 MHz
Frequency Spacing Improvement <37 dB 42 4B 48 aB
Antemna Angular Discrimination | 5 aB 5 4B 0 as
C/I due to 2 Copol Entries |- 39 dB 44 4B 45 dB
Total C/I (4 entries) ' 32.7 dB 35.7 dB 38.7 dB
|

TABLE 3.2.1 C/I ASSOCIATED WITH ONE ORBITAL LOCATION BASED ON SET #1 ANTENNA CHARACTERISTICS
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i 40 Channel 36 Channel 32 Channel

Frequency Plan Frequency Plan Frequency Plan
Crosspol Frequéncy Spacing ' 11.94 MHz 13.2 MH=z 14.8 MHz
Frequency Spacing Improvement 14 dB 16.5 dB 20 dB
Total System XPD 20.9 dB 20.9 dB 20.9 dB
C/I due to 2 Crosspol Entries 31.9 dB 34.4 aB 37.9 dB
Copol Frequency Spacing 23.8 MHz 26.3 MHz 29.5 Miz
Frequency Spacing Improvement 37 dB 42 4B 48 dB
Antenna Angular Discrimination 5 dB 5 dB 0 dB
C/1 due to 2 Copol Entries 39° _.dB 44 4B 45 4B
Total C/I (4 entries) 31.1 dB 33.9 dB 37.1 dB

TABLE 3.2.2 C/I ASSOCIATED WITH ONE ORBITAI. LOCATION BASED ON SET #2 ANTENNA CHARACTERISTICS
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6 BEAM - 2 ORBIT LOCATIONS SYSTEM

4 BEAM - 6 BEAM — 6 BEAM -

2 ORBIT 3 ORBIT 3 ORBIT

LOCATIONS | LOCATIONS LOCATIONS

SYSTEM . SYSTEM SYSTEM

8 CH/BEAM 9 CH/BEAM 10 CH/BEAM

SATELLITE SEPARATION 30° 15° 20° 30° 30° 30°
RECEIVER ANTENNA DISCRIMINATION 38 dB 32 dB 35 dB 38 dB 38 dB 38 dB
TRANSMIT ANTENNA DISCRIMINATION 0 dB 0 dB 0 dB 5 dB 5 dB 5 dB
¢/I DUE TO COCHANNEL FROM 38 dB 29 dB 32 dB 43 dB 43 4B 43 dB
ADJACENT SATELLITE (S) (ONE ENTRY) |(TWO ENTRIES) | (TWO ENTRIES){ (ONE ENTRY) | (ONE ENTRY) | (ONE ENTRY)
C/1 FROM OWN ORBITAL LOCATION 38.7 dB 38.7 dB 38.7 dB 39.9 dB 36.4 dB 33.9 4B
AGGREGATE C/T 35.3 dB 28.6 dB 31.2 dB 38.2 aB 35.5 dB 33.4 dB

TABLE 3.2.3 SUMMARY OF INTRASYSTEM C/I INCLUDING ALL CONTRIBUTORS

BASED ON SET #1 ANTENNA CHARACTERISTICS

74




. '

4 BEAM — 6 BEAM — 6 BEAM - 6 BEAM - 2 ORBIT LOCATIONS SYTEM

2 ORBIT 3 ORBIT - 3 ORBIT

LOCATTONS LOCATIONS LOCATIONS

SYSTEM SYSTEM. SYSTEM :

. 8 CH/BEAM 9 CH/BEAM | 10 CH/BEAM

SATELLITE SEPARATION ' 30° 15% 20° 30° 30° 30°
RECEIVER ANTENNA DISCRIMINATION 38 dB - 32a .|  35.a@ 38 a8 38 dB 38 dB
TRANSMIT ANTENNA DISCRIMINATION 0 dB _0dB 0 dB 5 dB 5 dB 5 dB
C/I DUE TO COCHANNEL FROM 38 dB 29.dB . 32 dB 43 aB 43 dB 43 dB
ADJACENT SATELLITE .(S) (ONE ENTRY) | (TWO ENTRIES)(IWO ENTRIES)| (ONE ENTRY) | (ONE ENTRY) |(ONE ENTRY)
C/I FROM OWN ORBITAL LOCATION 37.1 4B 37.1 d8 . 37.1 dB 37.9 dB 34.4 dB 31.9 4B
"AGGREGATE C/T | 34.5 dB 28.4 dB 30.8 4B 36.7 dB 33.8 g8 31.6 dB

 TABLE.3.2.4 SUMMARY OF INTRAYSTEM INTERFERENCE INCLUDING ALI CONTRIBUTORS
BASED ON SET #2 ANTENNA CHARACTERISTICS , . ;-
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3.3

Block Diagram Development

Key repeater block diagrams were generated to support the weight and
power estimates, verification of channel multiplexing concepts and redund-
ancy schemes. TInitially six diagrams were produced covering all the
different families of the system models developed for use in the selection
of models for conceptual design. Specifically these diagrams correspond
to the models indicated by a block in Figure 3.3.1.

The important features of the repeater configuration developed are
listed: '

a) Receiver redundancy is identical in all models. A four—for-two redund-
ancy scheme has been used and it is achievable by two ferrite input switches
and two C~type switches. The receiver outputs are connected to the input
multiplexers via 3dB hybrids for increased reliability in contrast to use

of switches.

b) Full capacity input multiplexers are used in these models where two or
more spacecraft share one orbital location. This scheme provides increased
operational flexibility of channel assignments and permits a common repeater
design to satisfy the full growth plan including spare satellites.

c) The output multiplexers involve duplexers, quadruplexers and pentaplexers.
The channel assignment flexibility is achieved here by using wideband filters
capable of handling more than one channel(non simultaneously) as required by
the specific configuration. This approach provides low multiplexing loss

as well as low weight and increased reliability by eliminating selectable
dual multiplexers. .

d) Channel amplifier and TWTA redundancy is shown for single ring redundancy
and mainly 5 for -4 sparing.

e) Antenna configurations shown in Figure 3.3.2 to 3.3.7 apply to the pre-
conceptual design phase and are based on the previous DBS study. As a
result of the conceptual design the antenna configuration has been changed
into the form of Figures 3.3.8 and 3.3.9 which represent the conceptual
design models. The dual mode antenna has been retained in the design models
based on preliminary trade-off examination during the design phase. Similar
trade-offs have not been performed on the remaining models.

Of the attached eight block diagrams the first six annotated as "selection
models" apply to the initial model development phase and are partially obsolete
in the antenna area as pointed out above. Figures 3.3.8 and 3.3.9 represent
the conceptual design models. They have been derived from the original block
diagrams in all aspects except antennas. '
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f' Study

i
EIRP: | o 50 dBw
ORBIT LOCATIONS: | ) B 3
BEAMS : 4 R 6 | 6
CHAN:/BEAM: 16 16 10 18 9 10 8 16 18 20 16
CHAN/SC: 8 16 15 24 27 | 30 12 16 18 20 8
SC/SYSTEM: 8 4 4 2 2 2 4 6 6 6 12
REPEATER
CONFIGURATION
CODE: [2416/8|[2416/16] 2610/15 [268/24] [269/27] 2610/30 [268/12] [3616/16] 3618/18 3620/20 [3616/8

FIGURE 3.3.1 REPEATER CONFIGURATIONS DEVELOPED
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CHAN TWT !

' INPUT MUX

CPLR
DET

Orfed—{ }—
AN

— CPLR
@‘_S%"Iﬁgls ., DET

Ot

Coresmee/

DWVIDER PoRITER

QM — :
mcp| —C <

. HCH

RHCE

_FIGURE 3.3.2 REPEATER CONFIGURATTON  2416/16 (SELECTION MODEL)
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B
e 1)

: ¥ INPUT
o L PV NI MUX
e ~-
Qi
< . ] §

)

OUTPUT

|

CPLR
.. DET |

AN
]

! Corpwie/
DwiDER

RHCP)

CHAX:

-6
lo~t14
18-22

4-3
12-16
20-24

26'30"29-52‘

LHCH

* FIGURE 3.3.3 REPEATER CONFIGURATION 3616/16 (SELECTION MODEL)
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e

FS: Ferrite Switch

S: SPDT Switech -

[+H C-type Switch

T: T-type Switch

itz R-type Swlteh

OMT: Orrhomode Transducer §-
: Isolator

CPLR/DET: Coupler/Detector

%:m:!l’ PoARIEER \

aQmt l:] :
<

iD“‘:"‘< Tx REFLECTOR

CHAN: 2 =g wué=§
18+z0-22-29
10421416
26-28-30-32

LHCH

- Rx REFLECTOR
RHCE '

| .
" FIGURE 3.3.4 REPEATER CONFIGURATION 2416/8 & :8616/8 (SELECTION MODEL)
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a

Ferrite Switch

SPDT Switch

C-type Switch

T-type Switch
R-type Switch

fI's Orthomode Transducer
: Isolator

oRHO®
Teoer e

CPLR/DET: Coupler/Detector

CMBREL/ ooy
Dtk E‘t‘&

<

e —T <

—4::[}{::3—<< '

' i fﬂ%s < Tx REFLECTOR

| r._Lm:jﬂ:H

BERIE B

O~
e

BPF CPLR
T

|
Rx REFLECTOR

FIGURE 3.3.5 REPEATER CONFIGURATION 268/24 (SELECTION MODEL)
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Ferrite Switch.
SPDT Switch
C-type Switch
T~type Switch
R~type Switch
Orthooode Transd
: Isolator

@

owAOY
e ve e oas

2

CPLR/DET: Coupler/Detector

CmenEL/  porAQineR
DWIDER

1

%
1

fég?i E:::] : Tx REFLECTOR
I.._J_—
—
—— 1<
o | —T1<
L
—‘o——f'
o |

BPF  CPLR

BRx REFLECTOR

FIGURE 3.3.6 REPEATER CONFIGURATION 269/27 (SELECTION MODEL) -
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FS

BPF  CPLR

Ferrite Switch
SPDT Switch

C-zype Switch
T-type Switch
R-type Switch
Orthomode Transducer
DET . _ : Ino]l.atot

" g

© W -0V
Teoav e s

3

JLe ]

CPLR/DET: Coupler/Detector

Za | I3
1) 1 Comemet/  poaoieep
. ~ — Dwpe
o———7 25} "

’ M
. .- - : - : : "QE[:: /< Tx REFLECTOR
S CHAN:- 3 ~ 7 - ’ : [:] . X
A 11 =15 . . | : .
19 ~ 23 . . ' } .
. . 27 - 31 . : .

Py A CHAN: 2 ~ 6
10 -~ 14

18 ~ 22 -
26 - 30

—{ -]

" Rx REFLECTOR

FIGURE 3.3.7 REPEATER CONFIGURATION 268/12 (SELECTION MODEL)
. o o
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FIGURE 3.3.8

i

LHPUT cHAN OUTPUT
AP U MUX
L3O | B G
' _9_}——0— CPLR
FS: Ferrite Switch ——‘Ea—@— S| - B__DEI.R_HE
S: SPDT Switch P '@
C: C-type Switch O —_S-l i E ' Transmit
T: T-type Switch
: - I?}ﬂ)—' Y Antenna
R: R Switch
oMT: Orzl}:z:odc ;’:ansduf:er 5 .r:‘_‘-—‘ \E:J :é S
@: Isolator L gk :5 APM
Cl'LR)Dl-:T: Coupler/Detector *[g-]——}_@‘— 25-27 h
—<
' :
@ , 12—1 5 Equipment RCHE
I - by Repeat I -
_Ti [:} gg”%f _as above .
¢ f_j Transmit
~ ” m[ } —= - LﬁCP Antenna
lFS] 10-12 Equipment c
— g . '““““"'_‘W\D [ 2
T—D {_J__— 18220 Repeat : o
26-28 as above .
=<
: . - - ! \/\ APM
i ciay:  6-8 _ Equipment - I———-é
[RS—— 14"' 16 Rep eat LHCP \g ____f——
%%"%ﬁ as above
T [
BUE GPLR Luce
I }_4———r7 - Receive
i ] . Antenna
g R ucy ..
h ° D : !_. <

Repeater Configﬁratibn of Four Beam Two Orbit Location System (2416/16) Design Model

!
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INPUT

o

T

e 3 pt
c: C-type Swizch Antenna
i Tt Swiceh —
R: R-tvpe Switch
OMT: Orthomode Transdus <
H 1501&‘.‘:2!6 Fansduser —_< M
CPLR/DET: Coupler/Detector __Q
12‘15 Equipment RHCP —<
9 - Repeat - -
910"7,23 as above o
! — :
‘ Transmit
aian: 24 Equipment ’ Antenna
2 10=12 Repeat LH__C_P'___ >—— :
as above : :
18-20 I —
=<
6-8 5 %Eg
cunn: 0= Equipment LHCP : . g
14-16 Repeat : —g
%rz}:%é* as above > ‘
|
BPF CPLR Lice
e ! ‘ Receive
: Antenna
{

- 03

FIGURE 3.3.9

- <

Repeater Configuration of Six Beam Three Orbit Location System (3616/16) Design Model
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3.4

3.4.1

N 3.4.2

Reliability Analysis and Redundancy

=Introduction

A reliability analysis was performed as required for the DBS
System Concepts Study. This involved an examination of the
six identified TWTA transmitter configurations of the DBS payload.

DBS Transmitter Reliability Assumptions

The transmitter reliability analysis presented herein is restricted
to a consideration of the TWIA's and the waveguide switches only.
All other reliability aspects of the payload were considered

common to all configurations and were therefore not included.

a) Configuration

The following assumptions were made concerning the payload
configurations.

o Single ring protection switching with limited flexiblllty
in using standby TWTA's,

o Double ring protection switching with high flexibility in
using standby TWIA's.

A total of six payload configurations as shown in Table 1 of
the attachment have been analyzed. Excluding the non-redund-
ant arrangement, these configurations have been d1v1ded

into the following two groups.

i) Single Ring - In. this group, the outputs of the operational
and standby TWTA's are connected to a common waveguide ring
which can be accessed by activating a "T" type waveguide
switch., There are, however, constraints on the degree of

" interchangability of the operational and standby TWTA's
based on the number and location of the standby TWTA's
around the ring. .

For configuration (b), only two of the four TWTA's in each
quadrant can be spared simultaneously with a total of four
standby TWTA's available for the sixteen TWTIA's. 1In con-
figuration (c), again only two of the four TWTA's in each
quadrant can be spared simultaneously with a total of eight
standby TWTA's available. In configuration (d), three of

the four TWTA's in each quadrant can be spared simultaneously
with a total of eight standby TWTA's available.
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ii) Double Ring - In this group, the I/O of the operational

and standby TWTA's are connected to two independent -
waveguide rings. By careful selection of the appropriate
T-switches, four out of four TWTA's in each quadrant can
be spared simultaneously. In configuration (e), there
are a total of four standby TWTA's available and config-
uration (f) provides a total of eight standby TWTA's.

It should be noted that this double ring configuration
requires twice as many T-switches and additional waveguide
and associated flanges. This creates an increase in
weight. over the single ring version as well as requiring
additional labour and cost. All transmission paths have
an additional loss due to an extra T-switch.

Failure Rates

The following assumptions were made in reference to the failure
rates utilized in this analysis.

0

TWT - 12 GHz, 50W tube based on ANIK C and higher powered
matrix tubes.

It is represented by an increasing failure rate with a
Weibull distribution after the application of appropriate
derating faétors assuming a 10% increase in the stress
factor for this category of higher power TWT's. The )
failure rate value used for the redundant standby TWT is
taken as 107 of the failure rate used for the operational
TWT.

EPC - Model based on ANIK C/D design with a power scaling
factor. It is represented by a constant failure rate of
700 FITS. '

T-Switch - Model based on ANIK C type R-switch. ‘
It is represented by a constant failure rate of 170 FITS.

Figure 3.4.1 shows a plot of the failure rate distributions for
the above items.

DBS Transmitter Reliability Analysis

Probability of success distributions were obtained for each of
six payload configurations and are shown in figure 3.4.2. Table

“3.4.2 shows a comparison between the eight and ten year values

for each configuration.

The above computations were performed using a complex Markov chain
program applied as necessary for each of the six configurations.
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DBS Reliability Assessment

With the available data, a relative assessment was made of the six
payload configurations and is summarized in Table 3.4.3.

Configuration (a) presents an unacceptable low level of reliability
and hence it is clear that redundancy is required. Configurations
(b) and (c) provide an improvement over (a), however, configuration
(d) seems to achieve a high level of reliability with high £lexi-
bility and relatively low complexity and switching weight.

Configuration (e) of the double ring arrangement suffers from a

similar level of reliability (@ 8 yrs) as its single ring counterpart
* (b) due to the unreliability from doubling the number of waveguide

switches. However configuration (£) overcomes this limitation
and achieves a high level of reliability but at the cost of high
complexity and switching weight. -

From the above, it seems that configuration..(d) gives the most
attractive balance of reliability, flexibility and complexity.

For the first generation true DBS where pressure on the spectrum
resource may not be extreme, some consideration may be given to

the use of non powered spare channels in place of switched hardware
redundancy, in a manner directly analagous to the first generation
C Band domestic satellites. In the ANIK A, Westar and SATCOM
satellites, no switched TWTA redundancy was used, thus in ANIK A
and Westar 1, hardware for 12 channels was provided but the -
spacecraft design and system capacity was based on.the availability
of any 10 of the 12 channels, Similarly SATCOM. 1 provided 24
channels but the spacecraft was designed to support 22 at the end
of life., As a system matures and demand for spectrum increases,
this valuable resource can no longer be used for protection, and
conventional switched hardware redundancy must be used. In the
present DBS as an example, it may be possible to use a 36 or 40
channel plan rather than a minimum 32 channel plan. The advantage
of this approach to redundancy is that switching with its losses
and reliability hazard is eliminated, and TWTAs are assigned
uniquely to channels, which improves their efficiency.
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TABLE 3.4.1
PAYLOAD CONFIGURATIONS ANALYZED

CONFIGURATION DESCRIPTION DRAWING
- )
= .
- [ .
=< a) No Standby TWTA's “6/16)SINGLE
[—] =
-
[~]
w
o
1 Standby for 4 Qperational
@,
: = C) 8 Standby TWTA's “6/24)SINGLE
< 2 Standby for 4 Operational
w [~]
= =
=
(1]
= [~]
w
o
"
d) 8 Standby TWTA's (16/24)SINGLE
1 Standby for 2 Operational
e) 4 standby TWTA's (16/20) s E
No Constraint
(1]
> -
(& ]
: P
«C
W
: = f) 8 Standby TWTA's “6/24)DOU5LE
- =2 No Constraints
° o
[~]

-89~




TABLE 3.4.2

PAYLOAD CONFIGURATION PROBABILITY OF SUCCESS

- - .
CONFIGURATION DESCRIPTION . :
. 8 YEARS 1D YEARS
o o
= ] -
= 2) No Standby TWTA's | (16/16)SINGLE 0.007 0.002
=
(=] =
=
=
Wl
(-]
b) 4 Standby TWTA's (]GIZO)SINGLE 0.411 0.065
1 Standby for 4 Operational
© >
=
— : c) 8 Standby TWTA's (16/24)SINGLE 0.597 0.154
L 2 Standby for 4 Operational
w =
-] =
=
: a
w
" o=
vy N
d) 8 Standby TWTA's (16/24) SINGLE 0.684 0.214
1 Standby for 2 Operational
e) 4 Standby TWTA's (ISIZO)DOUBLE 0.410 0.063
No Constraint
s >
— =]
=
® o«
w [—]
=
- O ) 8 Standby THTA's (IB/ZQ)DOUBLE 0.916 0.472
: ™ No Constraint
W
o
o «
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. TABLE 3.4.3
PAYLOAD CONFIGURATION ASSESSMENT

RELIABILITY

 SHITCHING AWy

(4/4 per quad)

CONFIGURATION FLEXIBILITY
(Ps @ 8 Yrs) (v 1bs)
[,
x
= 3
o » a) V. LOW NONE NONE
= = (0.007) (0)
: . N
[*Y]
£,
b) MED LOW LOW
' (n.a1) (2/4 per quad) (2)
(-]
.
- e a
Sol
< M - P~
w S c) MED ©MED TR T
; = (0.597) (2/4 per quad) (4)
x a .
[*Y]
: =
d) HIGH HIGH LOW
(0.684)" (3/4 per quad) (4)
- e) MED HIGH HIGH
= - : (0.410) (4/4 per quad) (285)
L) .
=
e o«
(-]
w
- =
"™ =
[=]
; w f) V. RIGH V. HIGH HIGH
a = (0.916) (32)




o
SN,

-

-' -

]

=

FAILURE RATE (FITS)

11,020

1,000

100

R

T T T TTTTT1 I

EPC (700 FITS)

Tsw (170 FITS)

/
. j |
L L

]

11

10

104
TIME (HOURS)

10

Figure 3.4.1 TFAILURE RATE DISTRIBUTION

-92-




10°

W [T TTTmr T T TTirreee 0

S

o

27

\

]
TIME (HOURS)
~93—

Figure 3.4.2 PAYLOAD CONFIGURATIONS PROBABILITY OF SUCCESS

3

RN

o . QO —
(=)}

104

-

.01

(o))
(o)}

99.99
99.9

537005 40 ALITISYE0Yd

i
[

N . _ . . , .
R \, > g . .
e am — o
| o iy .- - = R -



3.5

Mass and Power Budgets

This section contains mass and power budgets for all the
communications subsystem configurations developed in this study.
The material has been updated as part of the conceptual design
process, and significant differences might exist from previous
reports and presentations to the Scientific Authority.

The conceptual design models presented here to greater
detail than the remaining models establish the basis of mass
and power estimates that were used.in all other models. The
assumption has been made here that the antenna system related
structures would be similar to the design models. On the basis
of low or high EIRP, mass for structures of 15 to 17.3 Kg have
been used respectively. All other repeater mass and power
assumptions apply equally to-all models.

Transponder Equlpment.

The mass estimate of the transponder equipment(without TWTA's)

" presénted in Table 3.5.1 is derived mainly from the previous DBS

study with updated mass estimates in the areas of input and out-
put multiplexers and channel amplifiers.

" TWTA's:

Mass and power estimates for the TWTA's presented in Tables 3.5.2
and 3.5.3 have been based on the TWTA survey of section 4.2.1, "
Figure 3.5.1 shows a comparison of the TWTA mass used in this study
to that used in the previous DBS study.

IWT's of 50 watts output and over have been assumed to be of the
collector radiator type. The 38 watt TWT shown is conduction
cooled and this accounts for the abrupt step in the mass
distribution.

Thermal Control.Hardware:

Thermal control hardware consists of heat preader plates for the
TWT and EPC and heat conduction brackets. for the output multiplexers.
The mass estimates for this hardware are based on dlstrlbuted heat
sources as described in Section 4.2.5.
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Antennas and Support Structures:

Mass estimates in this area are based on the spacecraft configur-~
ations of the conceptual design. Two 75 inch apperture, deployable
transmit antennas have been selected for the design. The antennas
are equipped with multiple feeds to allow operation from two or
three orbital locations. Table 3.5.4 shows mass estimates for 6 and
4 beam transmit antennas.

The receive antenna uses an 18 inch reflector for all Canada

uplink and it is common for 6 and 4 beam systems. Table 3.5.5
contains the mass breakdown.

Antenna Tiedowns and Tower:

The mass associated with stowed antenna tiédowns, telemetry and command
antenna and tower, has to be included as part of the payload.
Estimates have been produced for the high EIRP(L-SAT) and low EIRP(RCA)
bus configurations considered in the designs. - A mass breakdown is .-
presented in Table 3.5.6. LT e e

Mass and power budgets for the design models have been generated for 100%
coverage of the largest beam to cover the limit of payload demands.
Alternate budgets for 90% coverage of the largest beam are also presented
for a broader base for comparison and ultimate selection of a suitable
system. For .example an interesting comparison emerges between 1007 cover-
age 16 channel spacecraft and 907 coverage .20 channel spacecraft. The
extension of the design boundaries to 20 channel systems (3620/20 and
2420/20) was included to provide this kind of option. Tables 3.5.7 and
3.5.8 contain the payload mass and power summaries for 50 and 54 dBw EIRP
over 100% and 907 coverage of the largest beam.

Updated mass and power summaries for the models considered in the
selection are presented in Tables 3.5.9 and 3.5.10. They are all based
on 100% coverage of the largest beam. Figure 3.5.2 gives a concise summary
of the payload mass and power demands of all models based on 100%
coverage.
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|
1
: l UNIT | woveer TOTAL
UNIT WELIGHT - OF WEIGHT
S| mNITS | (R6)
: ' COUPLER E 0.045 2 0.09
. W/B FILTER 0.20 2 0.40
| W/G FERR. SWITCH(FS) 0.185 | 2 0.37.
' W/G TRANS., SWITCH(C) 0.23 ‘ 1 0.23
‘ ~ FET. PREAMP 0.27 : 4 1.08
| . RECEIVER - 1.60 4 6.40
. ) COAX TRANS. SWITGH(C) 0.10 1 0.10
k COAX SPDT SWITCH(S) 0.055 16 ~0.88
. HYBRID ~ 0,045 6 0.27
: COAX ISOL/CIRC. © 9.030 72  2.16
' CHANNEL FILTER 0.25 32 8.00
COAX "T" SWITCH 0.14 20 2.80
' CHANNEL AMPLIFIER 0.80 20 16.00
l W/G "R" SWITCH "7 0.25 24 6.00
W/G ISOLATOR 0.085 . . 20 1.70
. - QUADRUPLEXER 0.94 4 3.76
HARMONIC FILTER 0.07 - 0.28
I COUPLER/DETECTOR | 0.045 4 0.18
l COAX CABLES ' "] 0.032/1'cable 145 4.64
'WIRE HARNESS | 0.25/TwTA+2 20 7.00
l . W/G+BRACKETS+HARDW. | 0.10/Filter g 4.80
: TRANSPONDER TOTAL S ‘ 67.1
: l . EXCLUDING TWTA's ‘ :
l TABLE 3.5.1 TRANSPONDER WEIGHT BREAKDOWN FOR MODELS -2416/16 AND 3616/16
| 06
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6 Beam Model | " 4 Beam Model
Units 54 DBW EIRP 50 DBW EIRP 54 DBW EIRP 50 DBW EIRP

Antenna Gain B 34.5 34.5 - 33.3 ' 33.3
(Worst Beam EOC)| . :
Output Losses dB 1.5 . 1.5 1.5 1.5
TWT Output dBW 21.0 17.0 - ' 22.2 : 18.2

W 126 .50 166 66
EPC Efficiency Z 87 h 85 87 85
TWT Efficiency 7 ' 48 | 47 48 . 47
DC Power /TWTA W 302 125 . 398 165 _ : -
TWT Mass kg 3.0 2.0 o . 3.5 2.0
EPC Mass kg 4.0 2.5 4.8 2.7
TWTA Mass kg 7.0 " 4.5 8.5 4.7
TABLE 3.5.2  TWTA Mass and Power Budgets ~ Tndicated BIRE Over 1007 of Larmest Service Area
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6 Beam Model 4 Beam Model
Units 54 DBW EIRP 50 D?W EIRP 54 DBW EIRP 50 DBW EIRP

Antenna Gain dB 35.7 3%.7 34.5 34.5
(Worst beam k
907 cov.)
Qutput Losses dB 1.5 1.5 1.5 1.5
TWT output dBW 19.8 15;8 21.0 17.0

W 95 38 126 50
EPC Efficiency yA 87 85 87 85
TWT Efficiency yA 48 47 48 47
DC Power/TWTA W 227 95 302 125
TWT Mass kg 2.6 %.4 3.0 2.0
EPC Mass kg 3.5 2.0 4.0 2.5
TWTA Mass kg 6.1 3.4 7.0 4.5

TABLE 3.5.3

TWTA Mass and Power Budgets - 'Indicated EIRP over 907 of Largest Service Area
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COMPONENT 6 BEAM SYSTEM 4 BEAM SYSTEM
75" REFLECTOR + THERMAL 11.1 Kg 11.1 Kg
REFLECTOR SUPPORT STRUCTURE 1.2 1.2
ANTENNA POSITION MECHANISM(APM) 3.9 3.9
[FEED + SUPPORT + THERMAL 6.8 4.6
INTERFACE HARDWARE 0.2 0.2
TOTAL ANTENNA WEIGHT 23.2 Kg 21.0 Kg

TABLE 3.5.4  TRANSMIT ANTENNA WELGHT BREAKDOWN

COMPONENT ALL CANADA
18" REFLECTOR + THERMAL 0.9 Kg
REFLECTOR SUPPORT STRUCTURE 0.5
FEED + SUPPORT + THERMAL 2.4
INTERFACE HARDWARE 0.1
TOTAL ANTENNA WELGHT 3.9 Kg

TABLE 3.5.5 RECELVE ANTENNA WELGHT BREAKDOWN
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COMPONENT L-SAT BUS RCA DBS BUS
FRONT TIEDOWNS:

- Brackets 0.90 Kg 0.90 Kg

- Tubes 0.46 0.46

- Pyros 0.54 0.54

- Hardware 0.09 Q.09
SIDE SNUBBERS:

- Brackets 1.36 1.36

/

- Tubes 0.68 - 0.68

- Pyros 0.54 0.54

- Hardware 0.09 0.09
TOWER:

— Main Structure 6.80 4.53

-~ Support Tube 3.17 3.17

- Hinge 0.45 0.45

- T &C Antenna 0.90 0.90

- Coax Cables + Hardware 0.65 0.65
Thermal Hardware 0.68 0.68
TOTAL WEIGHT - 17.3 Kg

15.0 Kg

TABLE 3.5.6 ANTENNA TIEDOWNS AND TOWER WELGHT BREAKDOWN
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6 Beam System ' , 4 Beam System
100Z Coverage 90% Coverage- 1007 Coverége 907 Coverage
of Largest qf Largest of Largest of Largest
Beam Beam Beam Begm
3616/16 | 3620/2¢Q 3616/16{3620/20| 2416/16 , 2416/16
Mass:
Transponder:
Equipment 67.1| 78.6 67.1 | 78.6 67.1 67.1
Thermal Control 8.5 10.2 10.9 | 13.1 11.0 8.5
TWTAs 90.0}108.0 |. 68.0 81.6 94.0 90.0
Antennas 50.3| 50.3 50.3 | 50.3 45.9 45.9 )
Antenna .Tie Down & Tower 15.0{ 15.0 -15.0 |- 15.0 15.0 ) 15.0
Total Payload Mass (kg) 230.9_ 262.1 211.3 | 238.6 233.0 226.5
" Power:
| THTAS » | 2000 | 2500 | 1520 | 1900 | 2640 | . | 2000
Other Equipment 76 92 76 | 92 ‘ 76 ' 76
Total P;yload Power (W) 2076 2592 1596 1992' | 2716 . : 2076
TABLE  3.5.7 Payload Mass and Power Summary 50 DBW EIRP



6 Beam System 4 Beam System

1007 Coverage 907 Cdvefage 100% Coverage 90% Coverage

of Largest qf Largest of Largest of Largest

Beam Beam Beam Beam

3616/16 | 3620/20{ 3616/16{3620/20 | 2416/16 2416/16 | 2420/20
Mass:
Transpondér:
Equipment ' 67.1 78.6 67.1 78.6 67.1 67.1 78.6

- Thermal Control - 19.5 23.4 14,7 17.6 25.6 19.5 23.4

TWTAs 140.0 168.0 | 122.0 | 146.4 170.0 150.0 | 180.0
Antennas 50.3 50.3 50.3 50.3 45.9 45,9 45.9
Antemma Tiedowns & Tower | 17.3 | 17.3 17.3| 17.3 17.3 17.3 | 17.3
Total Payload Mass (kg) 294.2 337.6 | 271.4 | 310.2 325.9 299.8 | 345.2
Pover: |
TWTAs 4832 6040 3652 4540 6368 | 4832 6040
Other Equipment 76 92 76 92 76 76 92
Total Pa&loéd Power (W) 4908  6132 3768 4632 6444 4908 6132

TABLE 3.5.8 Payload Mass and Power Summary 54 DBW EIRP
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6 BEAM SYSTEMS N 4 BEAM SYSTEMS
3616/16 | 3616/18 | 2610/30 | 268/24 | 2610/15 | 268/12 | 2616/16 | 2416/8
MASS <
Transponder:
Equipment 67.1 | . 47.9 96.8 | 81.3 | .62.2 | 53.0 67.1 | 47.9
Thermal Control 8.5 4.3 | 15.3 12.8 7.7 6.4 11.0 | 5.5
TWIS's 90.0 | 45.0° | 162:0 |135.0 | 81.0  67.5 94.0 47.0
Antennas o 50.3 | 50.3 50.3 | 's50.3 | s0.3 | s0.3 | o450 | 5.9
Ant. Tiedowns&Tower | 15.0° 15.0 | 15.0 | 15.0 | 15.0 15.0 15.0 - | 15.0 |
TOTAL PAYLOAD(Kg) | 230.9 | 162.5 | 339.4 |204.4 |216.3 192.2 | 233.0 |161.3
‘POWER: :
TWIS's 1 2000 1000 3750 | 3000 1875 1500 2640 | 1320
 Other Equipment 76 4 1 132 | 108 72 60 | 76 | 44
TOTAL PAYLOAD (W) 2076 1044 3882 | 3108 | 1947 1560 | 2716 | 1364

TABLE 3.5.9 PAYLOAD MASS AND POWER SUMMARY

50 dBw EIRP over 100% of largest beam
B T 3 -




¢

HN T N B O SR PR B BN Iy O B R BN BE O mE e e .

54 dBw EIRP Over 100% of largest Beam

-104-

6 BEAM SYSTEMS 4 BEAM SYSTEMS
3616/16 | 3616/8 §2610/30 | 268/24 |2610/15 § 268/12 2416/16 | 2416/8
MASS:
Transponder:
‘Equipment: 67.1 47.9 96.8 81.3 62.2 53.0 67.1 47.9
Thermal Control 19.5 9.8 35.1 29.3 } 17.6 - 14.6 25.6 12.8
TWIA's 140.0 70.0 252.6 210.0 | 126.0 105.0 170.0 85.0
Antennas 50.3- 50.3 50.3 50.3 50.3 50.3 45.9 45.9
Antenna Tiedowns/Tower 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3
TOTAL PAYLOAD(Kg) ‘ 294.,2 } 195.3 451.5 388.2 | 273.4 240.2 325.9 208.9
POWER :
TWTA's 4832 2416 9060 7248 4530 3624 6368 3184
Other Equipment 76 b4 132 108 72 60 76 bt
TOTAL PAYLOAD POWEE(W), 4908 2460 9192 7356 4602 3684 6444 3228
TABLE 3.5.10 PAYLOAD MASS AND POWER SUMMARY
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3.6

Provision for Alternative Services and Onboard Switching

The repeater configurations of Section 3.3 represents
the simplest case of TV transmission directly from an
uplink channel to the corresponding downlink channel.

In an actual DBS system it might be necessary to provide
other services such as Telidon, Radio and high definition
TV(HDTV). In addition it might be desirable to provide
on board switching capability which would allow one up-
link channel to be transmitted over more than one beam.

Transmission of Other Services:

The transmission of other services if required to be
on a continuous basis would be best achieved by dedicated
input“and output filters, channel amplifiers and TWTA's
and should be included in the overall frequency plan and
spectrum allocation of the system. This approach might
require additional channels to be handled, hence increase
the multiplexing level to pentaplexers from quadruplexers
in the design cases of 2416/16 and 3616/16 systems.

Occasional transmission of other services could time- -
share the spectrum with regular TV transmission to achieve
maximum spectrum utilization. This approach would require
additional input channel filter for the wider based HDTV
signal but -might not require additional input filters for
narrower band Telidon or Radio signals. Figure 3.6.1
shows a method of transmitting HDTV on time-sharing basis
with regular TV transmission. Depending on the required
bandwidth of HDTV signal one channel of HDTIV would dis-
place 3 to 5 TV channels. The weight penalty of this
arrangement is approximately 0.5 Kg per HDTV channel.

Onboard Switching

The distribution of one uplink channel into more than
one beams through onboard switching would invariably
lead to separate frequency translation and amplification
of the switched channel(s). This would increase the
complexity and weight of the transponder at the benefit
of reduced uplink channel capacity of the feeder statioms.
The attractiveness of such scheme diminishes as the number

. of orbital locations increases and the number of beams

covered by a spacecraft decreases. TFor the conceptual
design systems the uplink channel reduction that is

* possible for national channels is only one~to-one while

for one orbital location 6 beam system is 6-to-1l.

~Figure 3.6.2 shows a method of multiple frequency conversion

which allows distribution of one uplink channel into three
beams. The weight penalty per frequency converter is
approximately 1.8 Kg.
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An alternate implementation method could use the
principle of double conversion wherein amplification
of each channel is performed at a common intermediate
frequency (IF). This intermediate frequency is then
up converted to the appropriate channel by different
mixers and local oscillators for each beam. (Except
for one beam which operates normally.) For a full
double conversion repeater in which every channel

is converted to a common IF, it is possible to

connect any uplink channel to any dowlink channel
either on a one to one basis or a multiple basis as
for national coverage. Although feasible, this
extremely flexible repeater is probably .not justifi-
able. The double conversion of only national channels
does not seem to offer any advantage over the multiple
single conversion repeater which is therefore the
preferred configuration.
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3.7

Two Television Channels per TWT:

The present study has been based on transmission of:.
one television channel per TWT. In this section the
implication of an alternate operational mode of the .
system with two television channels per TWT are examined.

Transmission of two TV signals per.TWT has been field
tested and used by satellite system operators such as
RCA Americom, Intelsat.and Telesat. Acceptable performance
has been achieved by appropriate TWT back-off, group delay
preequalization at uplink and in the case of RCA Americom
by color crosstalk cancellation through Alternate Line
Delay(ALD) signal processing.. From the existing literature
(ref. 1&2) ‘on the subject; it seems that the most serious
effect of simultaneous transmission of two TV signals
through a TWT is the color subcarrier crosstalk which’
appears as a periodic variation of chrominance (color
breathing) at: the difference frequency between the two
subcarriers. Group delay preequalization reduces this
effect by approximately one half and it is practiced by
all three companies mentioned above. The amount of TWT
back-off varies amongst these companies.from 5dB to 7.5dB
(referenced to single carrier saturation) per-carrier at
the TWT output. In the systems that do not use signal
processing ,color crosstalk effects are evident although
not known how objectionable. The RCA system through its
Alternate Line Delay processing is reported to have
eliminated the subjective effects of color crosstalk.
Luminance crosstalk has not received equal attention in
the-literature, perhaps, because it is considered a
lesser problem than chrominance effects. It has been
reported, however, that at some degree of TWT back-off
serious image overlap(ghosting) might be present and can
be improved by additional back-off.

The entire subject of picture quality and the means of
achieving it in a two-for-one transmission mode is
considered to be beyond the scope of this study. Assuming
that acceptable transmission quality is possiblée at some
TWT back-off near the 5dB per carrier reported. by Telesat
the following analysis examines some of the important
differences between the two systems under the topics of:’

System Complexity

Frequency Plan

Performance

Power and Weight Requirements

-111-



- e w m o w

3.7.1

System Complexity

Transmission of two TV channels per TWT would involve
some additional constraints on the make up of the system
and its operation.

Signal Processing, such as ALD, would increase the complexity

of the uplinking station by the addition of processing equipment
in one of two TV channels sharing a single TWT and require
assignment coordination so that only one of the two channels

is ALD processed., The individual reception terminal would also
have to be equipped with processing equipment and means of
recognition of the ALD processed channels.

Group Delay Preequalization would further increase the
complexity of the uplink station. This is required with or
without processing.

Uplink Flux Density Equalization would be reduired between
two uplink stations supplying the same TWT.

OQutput Multiplexer Filters at the transponder would likely

be reguired to provide better .isolation at the intermodulation
product frequencies. This could result in increased output
losses and payload weight.

EIRP per Channel would be limited towards the low EIRP end

by practical limits of available TWT sizes. For example, if
a 4 Beam, 50 dBw model were to be implemented in the two-for-
one operational mode the required TWT to carry two 50 dBw
carriers would be as a minimum 210W size. This is based on

2 dB total output back-off(5 dB back-off per carrier) which
represents the most optimistic case. At a more realistic,

3 dB back-off, the required TWT size is 260W.

-

Repeater Configuration Changes required for two-for-one
operation involve additional SPDT switches and power combiners
at the input mux output and possibly input filter channel
frequency reassignment. For example, repeater configuration
2416/16 in figure 3.3.8 would require one SPDT switch per
input mux channel output and a power combiner per two channel
filters to produce combined output for one TWI. The SPDT
switches are required to provide optionagl operation of one TV
channel per TWT.
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3.7.2

3.7.3

3.7.4

Frequency Plan

Two-for-~one transmission used presently by satellite
operating companies is intended to increase spectrum
utilization by transmitting two TV signals within one
36 MHz channel. This scheme requires special IF filters
at the receiver to separate the channels prior to de-
modulation. Such filters are considered to be beyond
the price range of an inexpensive domestic receiver. The
spectrum constraints are not such in a DBS system to
require serious consideration of this frequency spacing,
hence the frequency plans described in this report are
assumed to apply in the two-for-one transmission scheme.
Channel spacing within one TWT can then be that of one
or two copolar channels (eg. Ch. 1 to 3 or 1 to 5) with
due attention given to the intermodulation product
frequenciles to maintain acceptable interference levels.
For example, in the repeater configuration of figure 3.3.8
it might be advantageous to combine channels 1 and 5 and
protect channel 9 instead of combining channels 1 and 3
and protecting channel 5. The former arrangement would:
involve lower output loss due to the wider bandwidth and
should be preferred.

Performance

The crosstalk effects described earlier represent,
perhaps, the most serilous problem in two-for-one transmission.
Reduction of these crosstalk effects has a serious impact on
the dowlink EIRP of the system by imposing an approximate
upper limit of 52 dBw for the 6 Beam system and 50 dBw for the
4 Beam system assuming the use of existing 230-260W TWT's.

Two~carrier per TWT operation would have a profound effect
on the DC to RF efficienty of the repeater. For single-
carrier operation this efficiency is in the order of 40%.
For two-~carrier operation the efficiency at saturation decreases
to 28%Z. The effect of back-off further decreases the efficiency
to 257 and 20% for 2 dB and 3 dB total output back-off
respectively. TFor a power intensive DBS system this reduction
of the efficiency is intolerable. -

Power and Weight Requirements

The implication of the reduced DC to RF efficiency described
above is that a two-for-one system would require 267 increase
in DC power per dB of total output back-off over its equivalent
EIRP single carrier per TWT system. For a 16 channel repeater
(2416/16, fig. 3.3.8) of 50 dBw EIRP the DC power requirements
and its corresponding power subsystem weight are compared in
Table 3.7.4-1.
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(12wW/kg)

Singlé Two-Carrier per TWT
Carrier -
per TWT | 543 TOBO | 3dB TOBO
Channel RF Power (W) 66 66 66
DC to RF efficienty (%) 40 25 20
DC power per Channel (W) 165 264 330
DC power per Repeater (W) 2640 4224 5280
 Power Subsystem
weight including (kg) 226 352 440
batteries ‘ (I2W/kg) (12W/kg)

Table 3.7.4-1

Comparison of DC Power
requirements and
corresponding Power
Subsystem Weight
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3.7.4

Power and Weight Requirements(cont'd)

The repeater weight increase would be mainly affected by
TWTA weight increase due to poor utilization of the required
TWT size. Any other changes such as addition of switches and
power combiners and possibly increase in size of output
filters are small and can be neglected. Reduction in the
number of mux filters and channel amplifiers if the system is
designed to operate in a dedicated two-for-one mode would tend
to cancel some of the TWTA weight increase. To simplify the
comparison process it is assumed that the same repeater
(2416/16) , 50 dBw) is implemented in two-for-one transmission
mode whereby 10 high power TWTA's replace the present 20 low
power TWTA's. The TWTA and thermal control hardware weight
comparison resulting is presented in Table 3.7.4-2.

Single~Carrier Two=Carrier per TWT

per TWT 2dB_TOBO 3dB_TOBO
Channel RF Power (W) 66 66 66 -
TWTA Size (W) 66 209 263
TWTA Weight (kg) 4,7 10.4 11.5
Thermal Control (kg) 0.55 2.2 2.9
Number of TWTA's 20 10 10
Total TWTA Weight (kg) 94 104 115
Total Thermal Weight (kg) 11 22 29
Total Weight (kg) 105 126 144

Table 3.7.4-2 Comparison of TWTA and Thermal

Control hardware weight
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3.7.4 Power and Weight Requirements(cont'd)

The total weight difference resulting from the above
comparisons is 153 kg and 259 kg for the 2dB and 3dB
total output back-off (TOBO) respectively. Compared to
a reference repeater plus power subsystem weight of
453 kg (single channel per TWT) they represent increases
of 337 and 577 respectively.

References: 1. '"Cancellation of Visible Color
Crosstalk Between Two TV Signals
by use of Alternate Line Delay"

L. Abbott, RCA Review, Sept. 1980.

2, '"Parameter Tradeoffs for Trans-
mitting Two Television Channels
per Transponder"

L. Abbott, G.W. Beakley and
W. T. Rowse, RCA Review, Sept. 1980.
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4.1

4,1.1

4.1.2

Spacecraft Conceptual Designs

Launch Vehicle Consideration

DBS is to be launched by the Space Transportation System (STS)

from Kennedy Space Centre or by the Ariane 4 expendable launch
vehicle from the Guiana Space Centre. The spacecraft shall
therefore be designed to meet the most constraining requirements

of both launch vehicles (weight, envelope, environment requirements).

Space Transportation System

A typical STS geosynchronous mission sequence consists of

injecting the spacecraft with an upper stage from the STS parking
orbit (300 km) into transfer orbit and achieving the final
orbit with the spacecraft propulsion system.

In the STS launch mode the spacecraft will be mated to a Perigee
Kick Stage System (PKSS) and . the combination installed on a
cradle in the Orbiter Cargo Bay.

The Cargo Bay envelope has the following dimensions:

length 18.288m (60 feet)
diameter 4,572m (15 feet)
Given that the STS launch performance is about 30,000 kg, the

S/C weight and external dimensions are not constralned by an
STS launch configuration. : C e e oo .

Ariane 4

The Ariane launch vehicle is capable of injecting the.spacecraft
directly into a geosynchronous transfer orbit. The spacecraft will
be mated to the third stage via an adapter.

Six Arlane 4 versions are available, providing the following performance

in a geosynchronOus transfer orbit:

AR 40 : 1900KG AR 42L :  3200KG
AR 42P : 2600KG AR 44LP :  3700KG
AR 44P : 3000KG AR 44L :  4200KG

Each version can be accommodated with various fairings in a dedicated
launch configuration or with a SPELDA structure (in addition to the

fairing) in a dual launch configuration. The payload envelopes of these
.configurations are shown in Figiwe 4.1.2-1.

The Ariane payload envelope will drive the stowed conflguratlon of
the spacecraft.
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no Spelda ~ no Spelda . . no Spelda ~ short-Spelda ’ short Spelda. long Spelda

Figure 4.1.2-1:"  Ariane % Fairing Configurations
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4.2

Communications Payload Elements

The section deals with the lower level studies conducted
on major payload elements in support of the spacecraft
conceptual design. Due to the power intensive nature of
the system particular emphasis was placed on the TWIA's,
transmit antenna and output multiplexers.

A TWTA survey was conducted to determine availability
status, performance s likely suppliers as well as rate
of production and cost of suitable units. This task was
achieved and the findings of the survey are presented in
subsection 4.2.1. The survey was conducted by TELESAT
under contract to SPAR.

A significant amount of conceptual design work was
performed on the satellite transmit antenna. The scope
of this work was to examine a feasible antenna design

* which could satisfy the objectives of the present'COnceptual

design in the areas of:

a) High beam efficienty

b) Reconfigurability for design>commonality of
. spacecraft

c¢) Dual mode operation
d) Conformance to launcher envelope constraints

e) Conformance to XPD and sidelobe objectives

The adopted antenna design has addressed all of the above
objectives and has satisfied the needs of the overall space-
craft design. The satellite receive antenna has also been
examined under this study. The full study report is attached
as Appendix A.

Selected cases of input and output multiplexers have been
analyzed to establish requirements for filter design and
resulting performance. A summary of the multiplexer analysis
is presented in subsection 4.2.2. The results confirm that
the multiplexing methods used by the configurations developed
are suitable and would present no special problems in
implementation.

Performance specifications for the receivers and channel
amplifiers have been developed to satisfy the conceptual
design objectives. The required performance of these
specifications is considered achievable without any serious
risks.

The thermal aspects of the conceptual design have been
examined and the results presented in subsection 4.2.5.
Comparison between the use of heat pipes and thermal doublers
has led to the selection of the latter approach on the basis
of weight advantage and simplicity.
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4.,2.1

TWIA SURVEY

The Travelling Wave Tube Amplifier (TWTA) is a key payload element
and is usually a major controlling factor in determining satellite
1ife expectancy. The advent of the Direct Broadcast Satellite (DBS)
has resulted in the need for the development of a new class of long
1ife, high power TWTA's. -The design characteristics of these tubes
are such that expected operational lifetime should be similar to the
currently available dispenser cathode TWT's used in Ku-Band
Communications Satellites. High power TWTA's, with Tower life
expectancy, have already been successfully opefated on satellites.
The Canadian Hermes Satellite used a 200 Watt Ku-Band tube to Prove
the effectiveness of direct broadcast operation in this frequency
band. In Europe, Eurosatellite is currently manufacfuring.

Direct Broadcast Satellites for France and Germany for launch in
1985. Thomson CSF and ALG Telefunken are producing TWT's in the 200
Watt power range in support of -this program.

In the case of a Canadian DBS, alternate system designs lead to a
requirement for a medium power TWTA with an RF output of between 50
and 75 Watts and a high power tube with an output of between 120 and
150 Watts. For the purposes of this study, TWTA's have been reviewed
from three candidate suppliers, AEG Telefunken (AEG), Hughes Electron
Dynamics Division (HEDD) and Thomson CSF (ThCSF). Although the
review concerns primarily the TWT, as the EPC design tends to be bus
dependent, dimensions and weight estimates are provided for a typical
EPC design in each of power ranges considered.
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4.2.1

MEDIUM POWER TWTA

Candidate Medium Power TWT'S

No long life space qualified TWT exists in the RF output power range
50 to 75 Watts. Such a tube could either be developed from a
stretched version of existing qualified 30 Watt Ku-Band tubes or from
a scaled down version of the high power direct broadcast tubes
currently in production. The latter approach would be expected to
produce a lower risk product. This power/frequency range falls
outside the capability of oxide cathodes and all candidate tubes have
dispenser cathodes. Collector cooling could be either by conduction
or radiation depending on the requirements of the spacecraft thermal
design. Characteristics and design heritage of TWT's that could be
provided by the three manufacturers are shown in Table 4.2.1.1.1.

AEG Telefunken's most T1ikely approach would be to develop their tube
from the TDRSS TL12030 and the TV-SAT TL12260 designs. The
conductidn and radiation versions would both use the TL12260 gun and
integrated pole piece structure delay line. The conduction cooled

version will use the TL20030 three stage collector while the o
radiation cooled version would use the five stage collector developed =~~~ ==~

for their TV-SAT, TDF1 tube. An efficiency of 48% is estimated for
both designs. AEG would use their standard type B dispenser cathode
with a tapered helix construction to maximise efficiency.

HEDD could offer a conduction cooled design based on their 50 Watt
874H tube used on the Space Shuttle for communications and radar in
the 13.f to 15.2 GHz frequency range. Frequency scaling of the RF
circuit and an increase of cathode diameter would be required as well
as repackaging the tube for the satellite application. If a
radiation cooled version was required, the collector could be derived
from the 100 Watt 294H tube developed for the Japanese Broadcasting
Satellite. The Shuttle application of the 874H does not have the
stringent 1ifetime requirements necessary for DBS operation. In view
of the current TWT designs being manufactured by HEDD, it is expected
that they would modify the 874H cathode by changing from a type B to
a type M design. ‘
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The coated M cathode shows a good potential for stable long life

performance but this has yet to be verified and only limited life
data is available. The 874H requires EPC voltages in the order of )
7kV which requires careful EPC design. ‘

The third manufacturer ThCSF could offer a conduction cooled design
based on their Th3626 Telecom 1 tube and a radiation cooled version

based on the Th3579 developed for BS2.
the reduction of the gun diameter and collector scaling.

Modifications would include

The

conduction cooled tube would have two collectors and an estimated
efficiency of 43% while the radiation cooled version would have four

collectors with efficiency increased to 48%.

ThCSF wou]d use their

standard S-type dispenser cathode and their design would encorporate
a tapered helix for efficiency optimisation. ' '

PARAMETER

AEG

HEDD

ThCSF

Previous Experience

Conduction cooled
Radiation cooled

Cathode Type
Helix
Collectors

Conduction cooled
Radiation cooled

Efficiency

Conduction cooled
Radiation cooled

Cathode Voltage

TL12030 TDRSS
TL12260 TV~-SAT

Matrix-B

i

48
48

| Tapered

5.7 kv

874H Space Shuttle
294H JBS

Matrix-M

Uniform

46
46

7.1 kV

Th3626 Telecom 1

.Th3579 BS2 - -

Matrix-S

Tapered

43
48

5.0 kV

MEDIUM POWER TWT - POTENTIAL TWT CHARACTERISTICS

TABLE 4.2.1.1.1
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Proposed Characteristics of Study TWTA

For the purposes of this study typical performance and interface
characteristics of a medium power TWTA in the 50 to 75 Watt class are

as shown in Tables 4.2.1.1.1 and 4.2.1.1.2 and in Figures 4.2.1,1.1

to 4.2.1.1.2 inclusive.

PARAMETER UNITS VALUE
RF Qutput Power Watts 50 to 75
Saturated Gain dB 48
AM/PM Transfer Coefficient °/dB 4.5
TWT Efficiency % 46 to 48
EPC Efficiency % . -85

TABLE 4.2.1.1.2

STUDY MEDIUM POWER TWTA - ELECTRICAL CHARACTERISTICS

PARAMETER UNITS VALUE
Mass (Conduction Cooled)
TWT - ' : 1.4..
EPC kg 3.0
TWTA 4.4
Mass (Radiation Cooled)
TWT 2.0
EPC kg 3.0
THTA 5.0
{Dimensions
: 4,2,1.1.1
TWT See Figures4.2.1.1.2
EPC mm 350x150x150
Therma]
Thermal Model See Figure 4.2.1.1.3
TWT Baseplate -15 to *+85
Collector:
conduction °C 100 maximum
radiation 300 maximum
EPC -15 to 50

TABLE 4.2.1.1.3

STUDY MEDIUM POWER TWTA - MECHANICAL AND THERMAL INTERFACE DATA
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4,2.1.2

HIGH POWER TWTA (120 to 150 WATTS)

Candidate High Power TWT's

- The development status of TWT's in this high power range is better

than the medium power tubes discussed. Table 4.2.1.2.1

summarises the characteristics of tubes most closely matching the
study requirements from the three tube manufacturers. In this power
range, only radiation cooled designs are considered.

AEG Telefunken has considerable development experience with the 260
Watt TL12260 TWT which will be qualified for the TV-SAT, TDF-1
Direct Broadcast Satellite applications. This is a five collector
design using AEG's Matrix-B cathode and has an overall efficiency in

the range 46 to 48%.

HEDD is carrying out an internally funded development program for a
200 Watt Ku-Band tube designated the 899H. The design uses
technology developed from the 50 Watt Space Shuttle 874H tube and the
100 Watt 294H tube developed for the Japanese Broadcast Satellite.
The 899H has three collectors and an estimated overall efficiency of

" 46%. In line with their current approach, HEDD has selected the .

coated M type dispenser cathode for this application. As stated
previously, this cathode has an excellent long life potential but
little supporting life test data.

Thomson CSF are the co-supplier of TWT's in the 200 Watt power range
for the French TDF-1 and the German TV-SAT DBS program. The Th3619
has four collectors, a Matrix-S cathode and has an overall efficiency
in excess of 50%.
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PARAME TER IEG | HEDD ThCSF
Previous E xperience

TL 12260 New development Th3619

260W tube 899H 230W

Being qualified 200W Being qualified

for TV-SAT & Uses technology for TV-SAT & -

TDF~1 DBS. of 50W 874H TDF-1 DBS

Space shuttle application.

tube and 294H
100W JBS tube

Cathode Type Matrix-B Matrix-M Matrix-S

Cathode Loading 750 mA/cm? 540 mA/cm2 800 mA/cm2
Cathode Voltage 7.5 kV 8.5 kV 7.0 kV
Helix Tapered Uniform Tabered
Collector

4 5 3 4
Collector Cooling Radiation Radiation Radiation

i A ] o : B L. ¥ L s i

/

Overall Efficiency

[

46-48% 46% ~ 50%

TABLE 4.2.1.2.1

HIGH POWER TWT - POTENTIAL TWT CHARACTERISTICS

Proposed Characteristics of Study TWTA

Interface data, considered representative of a TWTA in the 120 to
150 Watt class is shown in Tables 4.2.1.2.2 and-4.2.1.2.3 and in Figure 3-1 and
3-2. The EPC for the TV-SAT, TDF-1, program is being manufactured by
AEG Telefunken and has a weight of 8.0 to 8.5 kg. For the high power |
120-150 Watt tube it is estimated that an EPC could be developed with
/ a mass of 6.0 kg.
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ey
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UNITS VALUE
RF Qutput Power Watts 120 to 150
Saturated Gain dB 55 .
AM/PM Transfer Coefficient °/dB 5
TWT Efficiency % 48
EPC Efficiency % 87

TABLE 4.2.1.2.2

STUDY HIGH POWER TWTA - ELECTRICAL CHARACTERISTICS

PARAMETER

UNITS VALUE
Mass
TWT - 3.0
EPC kg 6.0
TWTA 9.0
Dimensions
TWT see Figure4.2.1,2.1
EPC mm 350x165x150
Thermal
TWT Baseplate -10 to +70
Collector °C 300 maximum
EPC -15 to 50

TABLE 4.2.1.2.3
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4.2.1.3

OPERATIONAL REQUIREMENTS

Operationa} Bandwidth

In order to meet typical DBS TWT requirements, tubes in the power and
frequency ranges considered in this study can readily meet a 200 MHz
specification. If a lower yield and hence higher price is

acceptable, tubes could be selected with a 400 MHz operational ‘range.

Eclipse Operation

Unlike most commun{ggiibns satellites, the high RF power required for
a Direct Broadcast satellite usually results in the need to power
down a significant number of channels during eclipse periods. There
are four possible operating modes that could be used to reduce demand
on the satellite batteries.

i)  Filament On, High Voltage On, RF Drive Off:

In this mode pf operation, TWTA the input power would be

~expected to drop by approximately 50% between saturated drive
and -no drive conditions. Measurements on a ZOO‘Natt TWTA showed
that under no-drive conditions, the d.c. input power decreased
to 46% of the level measured with saturated drive..

ji) Filament On, High Voltage Off:

The satellite bus must provide the heater power of between 5 and
8 Watts and any keep-alive circuits within the EPC. Due to the
absence of electron cooling, the cathode temperature will
increase by typically 20°C above its nominal value under these
operating conditions. However, as this occurs for only a small.
percentage of. the overall lifetime of the TWTA,the impact on
tube 1ife will be small (typically 1,000 hours out of the 80,000
" hours expected lifetime.)
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ii1) Filament On (reduced power), High Voltage Off:

iv)

This mode offers a small power saving advantage over (ii) at the
expense of a greater disturbance of the cathode operating
conditions.

Filament Off, High Voltage Off:

This operational mode would result in minimum power demand, as
the only power demand would be for any keep alive circuits
within the EPC, but would result in maximum stress to the TWTA
during the repeated on/off cycles. Manufacturers typically have
data to support a total number of switching cycles of around
1,000, but it is to be expected that there would be a certain
life reductibn as the number of switching cycles increases
beyond this value. There is limited 1ife data to quantify this
effect.

Discussions with a TWT vendor have shown that, if‘the satei]ite bus
is unable to support TWTA operation under no RF drive condition, the

preferred mode of operation during eclipse -is to leave the filament

voltage on and turn the high voltage off.  The tube manufacturer
concerned considered that the impact of the increased cathode
temperature would be acceptable in view of the small percentage of
the total operating time involved.
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4‘2.1'4

CONCLUSIONS

In the case of the medium power TWT, although no existing qualified ‘
design exists, all three TWT vendors reviewed could develop suitable
tubes using existing technology. One possible exception is the HEDD
M-type cathode. Although HEDD are currently producing Ku-Band tubes
with this type of cathode, the long term performance has yet to be
demonstrated by extensive 1ife tests. For this power range, both
conduction and radiation cooled designs are feasib]e. The high power
tube design is, in the case of the two European suppliers, in a
reasonable state of design maturity. It is to be expected that HEDD
will also be actively competing in this expanding DBS market. For
both classes of tube, the conservative design approach being adopted
by the manufacturers should lead to tube having comparable lifetime
to the lower power Ku-Band tubes currently available.

Both power ranges of TWT's would have typical operating bandwidths of
200MHz although selection of tubes with operating bandwidths as high.
as 400MHz.would be possible.

During eclipse operation, the preferred operational mode is to Teave
the TWTA fully on and to turn off the RF drive. As this is unlikely
to be acceptable in terms of satellite battery size, an acceptable
compromise is to switch off‘the high voltage supplies and leave the
filament running at its nominal level.

In view of the criticality of these amplifiers to the DBS program,
dual procurement should be seriously considered to minimise schedule

_risk and to provide some protection against in-orbit problems. Such

an approach has been followed for the TV-SAT, TDF-1 satellites.

=134~



. v
'

4,2.2

Input and Output Multiplexer Review

From all possible configurations, three (3) cases,

each representing the most difficult of its type,

are chosen for detailed investigation.

Case No. 1 is the 40 channel plan, 23.8 MHz spacing,

18 MHz usable band and corresponds to configuration 2610/30.
Case No, 2 is the 32 channel plan, 29.5 MHz spacing,

18 MHz usable band and corresponds to configuration 2416/8.
Case No. 3 is the 32 channel plan, 29.5 MHz spacing,

18 MHz usable band and corresponds ﬁo configuration 268/12,

In the last case, two types of output multiplexers were
analysed; the first configuration is using a near-
contiguous 4 channels multiplexer while the other is
the more usual nonwcontiguous diplexer pair which
implied that the antenna feed has to be reconfigured
for two inputs,- ‘
In all others, non-contiguous approach is used;

The filter type for the output mﬁx is 4-pole dual mode
elliptic, in all cases. The input multiplexer
configuration is the well-proven circulator channel-
dropping approach, which avoids any adjacent channel
interferences. 8-pole DMQE filter are needed in bésé“i'
No. 1 while 6-pole DMQE are used in cases No. 2 and

No. 3.

Input‘Muk Key Featﬁreé‘
Filter: 8-pole dual mode quasi elliptic

and 6-pole dual mode quasi elliptic
Waveguide, mode: Thin wall circular,TE1ll3
Material: High purity dinvar (.020 wall) for
good thermal stability.

Circulator/Isolator: Waveguide design WR75
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Output Mux Key Features

Filter: 4-poledual mode elliptic
Wageguide, Mode: .EInvar Circular, TE11l3
Material: . High purity invar
Manifold: Aluminum, WR75

Circulator/Isolator: Waveguide WR75, high power
Configuration: Mostly non~contiguous multi-
plexing except case no. 3 where

near-contiguous is proposed.

Performance Parameters

A summary of the major performance parameters is
given for each case, Estimated mass and dimensions
are also given in the tables., Brackets are not
included in the weight estimates. Also it is assumed

apart. This value is approximate; the actual spacing

7

is determined in the final design.

Alternative Designs

The output multiplexer features shown are not necessarily
final. The final design of the output multiplexer will
depend on the TWTA power level selected, the antenna design,
and the frequency plan adepted. When these system factors
are finalized, an evaluation of alternative multiplexer

designs and materials will be required. For example:

o Use of TE1ll5 Mode
o Use of TEOOl‘Mode 

o Use of aluminum or silver
possibly temperature compensated

o Use of heat pilpes
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Case {#1

Input Multiplexer

Filter Parameter:

27 channels
18 MHz usable band
23.8 MHz spacing

8-pole DMQE
BW= 24.2 MHz

QU= 10000
RL= 25 dB
PARAMETER | COMPUTED BUDGET
Isolation (dB)
cr’Y) + 14.8 wuz 28 | 20
Loss Variation
(dB)
CF + 9 MHz .81 1.4
Gain Slope (dB/
MHz)
CF + 9 MHz .3 .5
Group Delay
(na)
CF + 9 MHz 24 36
Midband Loss
(of filter
alone) 1.7 2.0

Note (l): CF Centre frequency of filter
Weight per channel * ] ,357Kg (.785 1bs)
Total weight (27 filters)?{ 9.65 Kg (21.2 1bs)

Dimension * 200 x 5 x 25cm

*# Includes: Circulator, filter, isolator
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Case #2 and case #3

Input Multiplexer

Filter Parameter:

6~pole DMQE

32 and 24 channels
18 MHz usable band
29,5 MHz spacing

BW =2 MHz

QU =10000

RL =25 dB
PARAMETER COMPUTED BUDGET
Isolation (dB)
¢l & 20 Muz 27 20
CF + 29.5 MHz 44 40
L.oss Variation
(dB)
CF + 9 MHz .39 0.8

5=

Gain Slope
(dB/MHz)
CF + 9 MHz .13 .3
Group Delay
(ns)
CF + 9 MHz 11.6 20
Midband Loss
(dB)
(filter alone) 1.4 1.7

Note (1): CF:

* Weight per channel:

* includes:

circulator,

Centre frequency of filter

.307 Kg (.677 1b)

filter, isolator

Total weight (32 filters):!9.86 Kg (21.7 1bs) case #2
(24 filters):7.39 Kg (16.3 1bs) case {3

Dimension:

250 x 5 x 20 cm casée #2
180 x 5 x 20 cm case #3
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Case #1 . 27 channels
Output Multiplexer

18 MH=z usableA

band

Filter Parameter: 4-pole elliptic 23.8 MHz .spacing
BW =43 MHz '
QU =10000
RL =20 dB

PARAMETER " COMPUTED BUDGET

Isolation (dB)
crY) & 35 Muz 18 | 10
CF +> 40 MHz 26 25,

Loss Variation
(dB)
CF + 9 MHz .04 .10

Group Slope
(dB/MHz)
CF + 9 MHz v .012 .020

Group Delay
(ns)
CF + 9 MHz 77 2

Midband Loss
(dB)
(filter alone) 46 ‘ .6

Note (1): CF: Centre frequency of filter
*Weight per quadruplexer! .94 Kg (2.07 1b)

#% Weight per pentaplexer: 1.14 Kg (2.49 1bs)
Total weight (27 filters)! 5.91 Kg (13 1bs)
Dimension: 200 x 5 x 15 cm

*# Includes: 5 isolators, 4 filters, 1 manifold

*#% Includes: 6 isblator, 5 filters, 1 manifold
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Case i#2
OQutput Multiplexer

Filter Parameter:

4-pole Elliptic

32 channels

18 MHz usable band

29.5 MHz spacing

BW = 105 MHz
Qu = 10000
RL = 20 4B
PARAMETER COMPUTED ’ BUDGET APPLICABLE{TQ
Isolation (dB)
cr) 4+ 98 muz 37 25
CF + 110 MHz 27 25
Loss Variation
(dB)
CF +35.25 MHz | .08 .15 (2)
CF +55.25 MHz .24 .50 Ch.1,7
bGéin.Slope-
(dB/MHz)
CF +35.25 MHz .003 .015 ch1 7(2)
CF +55.25 MHz 049 .100 *e
Group Delay
(ns)
CF +35.25 MHz 3 ch.1 7(2)
CF +55.25 MHz 5.2 10 e
Midband Loss
(dB)
of CHS5 .19 . Ch.3,5
of CH7Y .28 .5 Ch.1,7
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Case #2 (Cont'd.)_

Notes:

(1) CF Centre frequency of filter

(2) Performance for Ch #3 & 5 is better
* Weight per diplexer: .53 Kg (1.16 1b)
Total weight (8 filters): 2.1 Kg (4.6 1bs)
Dimension: 60 x 5 x 15 cm

* Includes: 3 isolators, 2 filters, 1 manifold
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Case #3 . 24 channels
18 MHz usable band

Ouput Multiplexer
Filter Parameter: 4-pole Elliptic

29,5 MHz spacing

AT

BW =77- MHz
QU =10000
RL =20dB
PARAMETER COMfUTED BUDGET APPLICABLE TO
Isolation (dB)
CF + 79.5 MHz 39.5 20
CF + 85 MHz 27 25
Loés Variation
(dB)
CE + 29.5 MHz .03 .1 Ch.1,5
CF + 38.5 MHz 17 .3
Gain Slope
(dB/MHz)
CF + 29.5 MHz. .008 .015 Ch.1,5
CF + 38.5 MHz .020 .040
Group Delay
(ns) .
CF + 29.5 MHz 2,3 5 Ch.1,5
CF + 38.5 MHz 4.8 8
Midband Loss
(dB) .28 .6 Ch.3
of Ch 5 .31 .6 Ch.1,5

Note(l): CF Centre frequency of filter

N.B.: .One contiguous quadruplexer

% Weight per quadruplexer: .95 Kg (2.10 1bs)
Total weight: 2.8 Kg (6.2 1lbs) "

Dimension: 90 x 5 x 15 cm

* includes: 5 isolators, 4 filters, 9 manifold

-142-




Py

TS

Case #3

Output Multiplexer

Filter Parameter:

24 channels:
18 MHz usable band

“4-pole Elliptic

29,5 MHz spacing

BW = 83 MHz
QU = 10000
RL = 20 dB
PARAMETER COMPUTED BUDGET APPLICABLE TO
Isolation (dB)
cr My 79,5 Muz 28.4 20
CF + 90 MHz 28 25
Loss Variation
(dB) ,
- CF + 29.5 MHz .03 ’ .1 Ch.1,5
CF + 38.5 MHz .11 .2
Gain Slope
(dB/MHzZ)
CF + 29,5 MHz .005 .015 Ch.1,5
CF + 38.5 MHz .020 .040
Group Delay
(ns)
CF + 29,5 MHz 1.72 3 Ch.1l,5
CF + 38.5 MHz 4,0 75 _
Midband Loss
(dB) 025 «5 Ch.3
of Chs 028 . 05 Ch.l,S

Note (1): CR
N.B:
* Weight per d

Two non

Total weight e
Dimension: 90

* includes: 3

Centre frequency of filter
contiguous diplexers
iplexer: .53 Kg (1.2 1b)
stimate is 3.1 Kg (6.8 1lbs)
x 5 x 15
isolators,

2 filters, 1 manifold

~143-




ey

All others system configurations will give similar
or better performance due to the fact that the cases

chosen here are assumed to be the worst.
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4.2.3

Antennas

A complete report on studies of circularly polarized DBS
antennas done as part of this study is given in Appendix A.

The study selected the largest area beam with the most
complex shape for the 6 beam coverage case., This limited
the amount of detailed computation to be done in arriving
at a suitable system configuration and reasonably accurate
gain values. These results were then extended to cover all

- beams in both 4 and 6 beam configurations.

- The selected system uses 2 separate deployed tramnsmit
reflectors one RCP and one LCP with a single all Canada
coverage dual polarized receive antenna.

Dual mode transmit antennas were selected, based on comparison
of single mode/contiguous multiplexers and dual mode/non
contiguous multiplexer options.

The transmit antennas are made reconfigurable by the provision
of separate feed horn assemblies in each polarization for
each possible orbital location. (2 or 3). TFor each orbit
location, the reflectors are moved by command in orbit to
reposition the focal points close to the middle of the
.appropriate feed clusters. .

The transmit antenna employs a novel linear to circular

“—gpathal polarizer concept using a corrugated surface on the

reflector. This allows the use of linearly polarized feed
horn arrays with the advantages of flexibility in beam
optimization using well established design techniques

If the technique for generating CP proves to be unsatis-
factory, then polarizers would be required in each feed horn.
More square or circular horns would be required for a given
degree of beam shaping than for the equivalent rectangular
horn array, thus increasing the feed network complexity.

A single reflector downlink option seems unlikely on the
basis of the polarization purity achievable in a dual mode
CP antenna. The matter of single mode versus dual mode
antennas is in turn closely linked with the ultimate channel
capacity of the planned system, and the feasibility of
contiguous output multiplexers for 8 or more high power
channels. Should such a multiplexer prove satisfactory,

both single reflector and two reflector transmit antenna
options would have to be evaluated for performance and weight.
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Receivers and Channel Amplifiers

The requirements for receivers and channel amplifiers
have been reviewed and the following performance -~
specifications have been developed to satisfy the present’
conceptual design. Although there is no existing design
of such receiver, projection from 14 GHz receivers indicate
that the required performance is achievable.

Receilver:

Operating Frequency Band: .
Input: 17.3-17.8 GHz

Output: 12.2-12,7 GHz
Gain/Frequency Response : SsiildB (across band)
Intermodulation(2 tone) : 40dB at -30dBw total output
.Gain Stability : 1dB peak to peak
Gain Slope S : ‘ 0.01dB/MHz
Noise Figure , T L . 4.5dB o
Intelligible Grosstalk ~200 + 20 log fy
Translétion Frequency = : 5100 MHz
Frequency Stability 3 ‘=5 ppm
Temperature Range : 0 - 500C full performance
Mission Life : 8 yrs.
Unit Weight : .1.6 Kg
DC Power ‘ : 6 W
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Channel Amplifier:

Operating Frequency Band

Gain

Gain/Frequency Response

. Gain Slope

OQutput Level

Intermodulation
Intelligible-Cresstalk
Noise Figure
Temperature Range
Mission Life

Unit Weight

DC Power
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12.2-12,7 GHz

25 to 45dB with ALC

0.25dB p-p over any 20 MHz
0.01dB/MHz

~20dBw with input varyiﬁg
from =45 to 65 dBw

~5dBw intercept point
-200 + 20 Log £y

104B

0-500C full performance
8 yrs.

0.8 Kg

4 W



4.2.5

Thermal Design

The objectives of thermal design at this level of
system definition are to examine conceptual approaches
to the problem of heat removal from the system and
determine the weight of necessary heat pipes, thermal
doublers etc. so that it can be included in the payload
weight budgets.

Preliminary comparisons of required hardware weight
between a scheme involving heat pipes and an alternate
using only thermal doublers indicated that for this
application the thermal doubler approach provides a
clear weight advantage. The example used for this
comparison was the highest dissipation case encountered
of 160 W total dissipation, through the panel. Lower
dissipation cases are expected to compare even better

. versus heat pipes. This rather unexpected result was

attributed to the faet that the heat dissipation
sources are distributed amongst the TWT body, EPC

and a number of locations along the output circuit.
Had the total heat source been concentrated at one
location the heat pipe approach would have emerged as

‘the preferred approach from the weight point of view.

On the basis of simplicity of design and weight
advantage the thermal doubler approach has been adopted
here. The thermal hardware weight budgeted in all
configurations is based on a simplified approach using
1 mm thick aluminum thermal doubler over an area
corresponding to 0.035 w/cm? radiation capability for
500C unit baseplate temperature. The 50°C baseplate
temperature applies to the EPC operating temperature
range. TWT's can be operated to 70°C, hence this
generalized approach is expected to provide safe
estimates of thermal hardware weight.

Table 4.2.5.1 contains a heat dissipation breakdown
in terms of Collector Radiator, TWT body, EPC and output
circuit comprising all the RF components from the TWT
output to the antenna connections. The purpose of this
breakdown was to generate estimates of through-the-panel
heat dissipation for all the TWT sizes used in this
study. The thermal doubler weight estimates are based
on the total dissipation through-the-~panel contained in
this table. .

~148~



4.2.5

Thermal Design(cont'd)

As a byproduct of the thermal design work a guide was
generated to allow quick computation of thermal doubler
size when the heat source footprint dimensions and base-
plate temperature limit are known. Unfortunately, in our
case where equipment layouts and unit mounting areas are
not defined, application.of the method described in the
gulde would have led to different answers depending on .
the mounting area assumptions. The usefulness of this
guide can be considerable in a more advanced phase of
design where unit mounting areas are known or are in the
process of being defined. 1In anticipation of using this
guide in the next phase of system definition it is
appended to this report as Appendix B, entitled
"Transponder Thermal Parameter Evaluation Technique.

~149-




S G} SN TS BE UE A OE R B BN N OR N o am B N e

6 BEAM MODEL 4 BEAM MODEL
54 dBw EIRP 50 dBw EIRP 54 dBw EIRP | 50 dBw EIRP
100% Coverage of Largest Beam: ' .
DC Power/TWIA  (w) - 302 125 398 165
Dissipation: (w) )
“TWT - Radiator 91 38 _ 120 50
~ Body 46 - 19 60 25
EPC . : 39 i 19 _ 52 25 -
Output Circuit , 37 5 48 19
Total Through Panel (w)- 4 122 1 53 160 69
902. Coverage of Largest Beam:
DC Power/TWTA  (w) o227 ' 95 302 125
Dissipation: : / '
TWT - Radiator 68 - N/a 91 . 38
- Body 34 43 46 . 19
EPC 30 14 39 19
Output Circuit : 28 . 11 37 15
Total Through Panel (w) ARV PRI SISO PUMTTR SRS §
o 92 . : 68 - 122 53

oy

TABLE 4.2.5.1 TWTA AND OUTPUT CIRCUIT HEAT DISSIPATION SUMMARY
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Communications Payload Configuration

The system models selected for conceptual design, contain 4
and 6 beam repeater configurations with high and low EIRP
TWTA's. Sixteen-channel repeaters were chosen in both cases
from practical spacecraft/launcher match considerations and the
objective for 8 channels/beam initial system capacity.

The repeaters are essentially identical between the 4 and
6 beam systems except in TWTA size where a higher power TWTA is
required by the 4 beam case and the transmit antenna feed which
has to accommodate operation from three orbital locations for the
6 beam system versus the two orbital locations for the 4 beam
system. Block diagrams of the two different repeater configur-
ations are contained in figures 4.3.1 and 4.3.2. A description
of the main features of the adopted design follows.

Receive Antenna

The receive antenna consists of a single reflector of 18 inch
apperture and duvual polarization feed with three-horn stack. Feed
polarizers are used .to convert the circularly polarized signal to
linearly polarized| prior to recomblnatlon through the 3—way ‘ a

combiner to a common output per polarization.

This antenna is fixed to the spacecraft without any stearing
capability. Construction is expected to be of GEFEC and Kevlar
except for the feed which would be aluminum.

Receivers

Four-for-two receiver reduncancy has been included in the

‘design, with switching capable of assigning either of the

redundant (inner two)receiwers to either polarization

side. The primary receivers (outer two) are comnected directly
to the ferrite switch for low input loss. Construction of these
units would be MIC similar to existing 14/12 GHz designs.

The receivers are preceeded by a bandpass filter and a test
coupler. The bandpass filter has been included to satisfy any
potential requirement for input filtering to be defined at some
later time.

Input Multiplexers

The input multiplexers are equipped with two banks of channel
filters to enable the repeater to handle either half of the
frequency plan. In a fully expanded system (16 channels per beam)
where two spacecraft are colocated all channels are received by
each of the repeaters and directed to the input of the channel
filters through power splitters. The commandable SPDT switch at

the output of each pair of filters can then be used to select .either

channel for transmission through the repeater.
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© Input Multiplexers(cont'd)

The input filters would be 6 to 8 pole dual mode quasi elliptic
depending on the frequency plan to he adopted. Construction
would be thin wall invar of circular cross-section.

Channel Amplifiers and TWTA's :

The present design is based on 5- for -4 single ring redundancy’
in channel amplification. This redundancy scheme provides a desirable
option as confirmed by reliability analysis of various options in
subsection 3.4 and replenishment plans of subsection 2.2.3.

Channel amplifiers are required to provide additonal gain and
automatic level control(ALC) to. the TWT input signal. ALC is
considered a necessary feature to provide a constant input to the
TWT during uplink signal fading or low EIRP uplink from trans-
portable stations. These units. are expected to be of similar
construction to the receilvers. '

TWIA's for the design models could vary in RF power as
described in subsection 3.5. . Units providing 50w RF or over are
expected to be equipped with collector radiators to allow direct
radiation of heat to space. Additional features of the candidate
TWTA designs are described in subsection 4.2.1.

‘Output Multiplexers .

Output multiplexing involves four quadruplexers capable of
handling two adjacent co-polarized channels in each filter. Thus
allowing the selected channel from the input mux to be fed to the
antenna without switching.

The adopted multiplexing option requires dual mode antenna feeds.

- An alternate method employing octaplexers and single mode antenna

feeds would also provide the same system operational flexibility.
Preliminary comparison between these two options showed that the
net EIRP of the system would be the same in either options. The
net antenna gain reduction associated with dual mode operation is
estimated to be approximately equal to the additonal loss incurred
in the octaplexers due to narrower filter bandwidth and extra multi-
plexing loss. The choice of the present design approach has been
based on technical judgement between the anticipated difficulties
-associated with the development and production of contiguous
octaplexers and difficulties involved in the optimization process
of dual mode antennas.

The proposed multiplexers would use 4-pole elliptic filters.
Construction would be of invar for the filters and aluminum
manifolds.
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Transmit Antenna

The repeater uses two transmit antemnas of 75 inch apperture
mounted one each onm the east and west sides of the spacecraft.
The reflectors are deployable and equipped with one-plane steering
mechanism to allow focusing of the antenna on a dedicated beam—
feed for each of the orbital locations. Gonversion of linear to
circular polarization is achieved by a-spatial reflector surface
polarizer. Each reflector handles one sense of polarizatiom.
Hence the two beams required for each orbital location are.
separately generated on each of the antennas.

Each antenna feed is fixed to the spacecraft and consists of
2 or 3 horn clusters.corresponding to the 2 or 3 orbital locatioms.
The feeds produce linear polarization. Two R~type switches are
required per antenna to allow selection of the applicable feed for
a particular orbital locatiom.
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FIGURE 4,3.1 " Repeater Configuration of Four Beam Two Orbit Location System (2416/16) Design Model
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IHPUT

ouTPUT
MUX

Transmit
Antenna

o

L A

T

/T‘)\

_,_ 13-15

21-23
29.31

Equipment
Repeat
as -above

RHCP

“Equipment

P

Mo AU

Transmit
Anit na

e

Repeat LHCP )
as above >
-
cun: 08 Equi .
‘ Lquipment LHCP
14“12 Repeat
22-2 ;
L 32 .aﬁﬁgbove_ I

&
o
L T X

1

]
VARAVAN
)

i Receive
i1 1<

Repeater Configuration of Six Beam

) Antenn.

. =155

Cemee ~Nerae




4,4 ; High EIRP Spacecraft

4.4.1 Launch and Operational Configuration Description

The High EIRP configuration of the DBS is based on the
British Aerospace L-SAT bus. This bus is a very large,
three axis stablized spacecraft with an on orbit weight
capacity of greater than 1500 kilograms and power of
more than seven kilowatts. The spacecraft is designed
to be either shuttle or Ariane compatible. A bi-
propellant eng<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>