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- «+..about $100,000. If one then assumes that the annual -
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1.0

1.1

INTRODUCTTION

Purpose of the Study

The purpose of this study is to investigéte the feasibility
of using 12/14 GHz SCPC (single channel per carrier) earth
stations to provide thin route telephony service to rural
areas of Canada on the Anik C satellite.

Specifically, the technical and economic impact of the

following are examined:

1)
2)
3)

4)
5)
6)

SCPC system performance objectives.,
SCPC encoding and modulation techniques.

Methods of enhancing SCPC transponder utilization:
. frequency planning ' ;
. voice-activation of carriers
. demand-assignment
. up-link power control
Frequency stability and control considerations.
Hubbed and fully connected network topologies.

Adjacent satellite interference.

The report c;ulminates in the conceptual design and prelimin-
ary earth station costing for a hubbed system consisting of
two classes of stations to serve rural subscribers:

(@) a s'ingle—usér or Type A earth station providing a

single network-quality duplex voice circuit; and

(b) a multi-user or Type B earth station with a 4-cir-

cuit capacity.



1.2

Methodology

The cost-effectiveness of a commmications system depends on
its cost, utilization and performance. These factors must

all be considered in assessing the viability of an SCPC satel- .

lite system extending or 1nprow.ng telephone service to rural
subscribers. This section briefly introduces some economic
concepts which underlie the hypothesis and evaluation of a
large scale system to 6perate over Anik C.

Cost per subscriber telephéne is the main factor which deter-
mines whether a rural SCPC system is econcmically feasible.
The cost per telephone per year of a system possessing a total
of N telephones served by M < N demand assigned SCPC satellite
chamnels is given by

_ total earth segment cost , M

C = = S cost per SCEC satellite
, : ‘channel
_ L » ' M
= ﬁx,earth station cost +ﬁ
; total transponder cost
total transponder capacity
where ‘
I =

# circuits terminated per earth station.

The ratio R = -Dl\% determines blocking probability for a given
stubscriber loading (# minutes average use during busy period -
of day). ‘ ' '

For example, suppose a commmity rural earth station terminating

4 circuits can be installed at a total cost of $80,000 and

absorbs a mean annual operating charge of $500. Then, assunﬁng o

amortization of capital and interest over 5 years, the annual
earth segment cost per telephone becomes $4,125. If the total




transponder capacity (i.e., permissible mumber of simultaneous
voice-activated carriers) is 1200, R = 10 and the annual trans-
ponder lease charge is $3,000 /000, then the space segment charge
per telephone is only $250. Allowing an additional $125 for in-
stalling and maintaining the local loop between the rural
household and the commumnity earth stata.on y:.elds a total an-

nual cost per rural line of $4,500. S

Widely separated subscribers will be more economically served
by single chamnel terminals on their premises rather than a
commnity station. The break point will occur when the cost

" of the local loops required to provide access to an optimally
located comunity station* exceeds the savi.ng in RF equipment
and maintenance costs.. -

A $5,000 per telephone per year cost figure is realized in
this case if the singlechannel terminal can be installed on
subscriber premises at a cost of $23,250 assuming a $100 per
year mean operating cost.

Determination of the cost per telephone at which the system
beccmes economically viable is not addressed in this study.

It depends on the cost of alternate means of providing service
(best evaluated by telco's) and political decisions as to what
percentage of the population should be served (satellite terminal
costs are independent of location). The objective here is |
to engineer a "best" SCPC satellite system for the rural
environment, and make available to planners irrplemeritation

cost information necessary for judicious decision taking.

* The community station also offers the potential of providing a small
local exchange to a mumber of subscribers exceeding the number of trans—
mit/receive ports and TV reception/low power rebroadcast. Note that our
definition of "telephone" implies one dedlcated transmit/receive port: at
an earth terminal.




The report is logically sequenced into five chapters: 1.
Introduction, 2. SCPC Techniques and Technology, 3. Rural
Network Configurations, 4. Earth Station Requirements and
Conceptual Design, 5. Conclusions. Detailed analysis and
supporting technical discussions are contained in five Appendices
dealing with: A. Adjacent Satellite Interference, B. Fade
Margin Requirements, C. Earth Station HPA and Backoff Require-
ments, D. Cyclic Assignment Multiple Access, E. Generalized
SCPC Link Budget Analysis and Optimization.

Chapter 2 examines keys to the effective implementation of SCPC
systems, namély: mathod of interconnection, enceding and modu~
lation, transponder utilization, and frequency control; and
considers several novel techniques to reduce both space segment
and earth segment costs. Based on the results and recommen-
dations of Chapter‘Z, Chapter 3 postulates a hubbed SCPC network
to serve individual and groups of rural subscribers. Chapter 4
determines earth station requirements, postulates cost—effective
earth stations, and costs the system. Chapter 5 is a concise
summary of ’the conclusions from this study.

Performance Cbjectives

The quality of telephone service provided can be specified in
terms of:

{i) grade of service

(ii) circuit noise

(iii) call set-up time

Grade of service is specified as the percentage of time dui:ing
a busy period a subscriber is unable to place a call. In our
case, this is the sum of the blocking probability (percentage
of time all DAMA channels are assignéd and there is additional
demand for service), probability a call is "lost”, and un-
availability of the earth station equipment necessary to es-
tablish the desired link. A grade of service (over the satel-
lite portion of the system only) of 0.5% can be considered
typical of the system envisaged. However, the penalty in




satellite utilization (mumber of channel units/number of SCPC
satellite channels) ' incurred. by reducing blocking probability
for high capacity systems is small; therefore, the primary
economic impact in meeting a high grade of service is the
availability requirement it imposes on the rural terminal.

The noise performance of the circuit is normally expressed in
picowatts or dBmO of idle noise in a C-message weighted 300-
3400 Hz woice channel bandwidth. Due to the compénding ac-
tion, the subjective performance of FM or A-modulated SCPC |
systems cannot immediately be related to the normal (cbject-
ive) idle noise specification for circuit quality. Accepted
international standards for the "subjectively equivalent" per-
formance of these systems have not been arrived at, although
both 32 kbps A-modulation and FM operating at threshold (with
extension) in a 22.5 kHz bandwidth are ga_mlng acceptance as
providing international (40 dBrnCo) circuit quality. This
level of circuit performance is consistent with the require-
ment for "network-quality telephone circuits” as expressed in
the Statement of Work, and has been adopted as an objective
for purposes of this study. :

Call set-up time is the random variable which characterizes
the response of the demand assiéned multiple access (DAMA)
SCPC system in effecting duplex circuits between users.,
Factors which critically influence mean and 95% call set-up
times over the satellite link only are: method of request
(random access, polled, or TDMA)., request channel duty cycle
or frame time, contention probability on request channel,
nurber of handshakes over satellite required to complete call,
assignment message lengths, processing time and load at DAMA
processor, and hardware (e.g., synthesizer) switching times.
The key to minimizing call set-up time with acceptable hard-
ware, software and operational complexity is the selection of
DAMA logic and signalling. Considerable attention must there-
fore be payed to devising and verifying a DAMA system optim-
ized to the operational requirement.




It is noted that quality of service relates exclusively to
performance as viewed by the telphone user. The telephone
company is also deeply concerned with aspects of performance
that relate to system efficiency, and ultimately, cost-effect-
iveness.

Design alternatives available to meet a given quality of ser-
vice must be considered and an optimum approach selected. In
the case of a demand assigned satellite system this means:

(i) minimizing the cost of an SCPC link (including space seg-
ment and earth segment components), (ii) maximizing the
utilization of this link.




2.0

2.1

SCPC TECHNIQUES AND TECHNOLOGY

This section examines methods of deploying SCPC f.echnologY
and introduces some new concepts which might be usefully
applied in a rural satellite system.

Access 'IEcImiqués and Non-Homogeneous Systems

There are two access techniques most commonly employed in SCPC
systems. These are 'fixed' assignmént access and demand as-
signment access (DAMA). In either case, the presence of earth
stations of different size may also give rise to non-homo-
geneous (different carrier ievels to different size stations)
systems., A non—homoge_.neous,_' demand assighed system implies

the need to vary carrier level with destination, further com-
plicating the role of the DAMA controller.

Fixed assignment .access, as the name implies, enplbys pre-v
assigned frequencies for transmitting and receiving RF car-
riers at each earth station. Thus each voice circuit between
any two nodes requires a dedicated pair of frequencies and
transmitters and receivers. Although possessing some advant-
age of simplicity, the poor utilization of bandwidth and in~
herent inflexibility of a pre-assigned SCPC system make it an

‘unsuitable method of serving subscribers directly.

With demand assignment, terminals are not éssigned fixed fre-

quency RF channels in the transponder but rather any one or:
‘one of several of the available transmit/receive pairs of RF
~ channels can be assigned to any two earth stations on demand.

Thus the pool of RF channels -is available on request, and,
depending on demand and grade of service, can serve a much
larger number of subscribers. -



There are basically two demand assigned SCPC topologies which
should be considered for rural applications:

1) direct links between rural terminals permitted (i.e.,
fully connected system)

2) cireuits between rural terminals must be double hopped
through a central station

The second scheme clearly has the disadvantage of double hop
delay and reduced transponder utilization*, but minimizes up-

link EIRP requirements from the rural station and will simpli-
fy call routings. B '

In addition, the first scheme requires that transmit power
from the rural station be reduced for calls to the central
station, otherwise it couid actually be less efficient of
satellite power than the second. A fully interconnected sys—
tem would in fact only receive serious consideration if it
were demonstrated that a high proportion of the traffic were
between rural subscribers served by satellite. |

Since two types of rural earth stations of different capacity
are hypothesized in this study, it niay be desirable to con-
sider a three level SCPC system. Transponder capacity calcu-
lations for such a system becomes more difficult than for a
one or two level system, although a general method implemented
on a computer is available and is described in Appendix E.

* ,
Although the bandwidth requirement to support a rural-to-rural link is
doubled, the power requirement is only increased by say 25%, depending
on differences in G/T between the rural and central stations [1].




2.2 Encoding and Modulation

Pre-enphasized dozr[panded FM and 32 kbps variable slope delta—
modulation with ccoherent phase shift keying'r are the prime
contenders in meeting a circuit noise objective of 40 dBrnCo.
64 kbps PCM will provide toll quality (37.5 dBrnCo), but in-
curs a 6 dB* penalty in power compared to delta, and is not
considered in this study. Previous comparison of FM and
delta [1] has shown that the difference in fairweather C/No
 required to provide the desired noise performance is small,
slightly favouring FM, and this is revealed in Figure 2-1.
It is also observed that FM possesses a less graceful thres-
hold charactéristic, and therefore might require a greater
fade margin. In summary, delta -4-phase CPSK and conpanded"r“l\d
are essentially equivalent in terms of satellite power and
bandwidth reqtured Study has also revealed that they are.
comparable in cost and reliabilityA.A The comparison of A/4-
phase CPSK and FM is summarized in Table 2.1.

Conparisonbf FM and A/PSK in terms of compatibility with the
switched network and planned common carrier transmission
facilities, plus ease of implementation of voice activation,
demand assignment, and echo control may slightly favour a
digital approach, but there is no compelling reason to limit
the choice at this point. "

Recent evaluation of FFSK [2], which has the same theoretical performance

as 4-phase CPSK, indicates it may offer certain implementation advantages,
in particular with regard to non-linear HPA operation, adjacent channel
interference and sensitivity to RF phase jitter. This modulation technique,
invented and currently under development in Canada, should also be given
serious consideration.

* ' .
3 dB for bit rate doubling, 3 dB for reduction in error rate threshold

from 1072 o 10°4.
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TABLE 2.1

COMPARTISON OF A-MOD AND FM SCPC

TECHNIQUES

Variable Slope A-Mod/CPSK

Companded Emphasized FM With
Threshold Extension Demadulati_on

‘Circuit Quality

Determined by encoding rate
(quantization) and C/N_ (bit er-
rors). Threshold normdlly at
10 “-BER. ,

Determined by C/NO and deviation.
Threshold at C/N = 7 dB.

Transmission C/‘No and RF bandwidth requirementé for given circuit quality approxi-
Efficiency mately equal. _
Network Digital format permits efficient |FM offers more linear baseband fre-
Flexibility digital multiplexing of voice quency response, and hence can be

and data and possibly more ef-
ficient demand assignment (d.a.)
signalling. Circuit quality at a
given bit rate is not greatly de-
pendent on earth station G/T —
this implies non-optimum utiliza-
tion of satellite resources if a
2 circuit performance network is

required.

used to transmit high speed voice
bhand data and radio programs. For
an equal carrier DAMA SCPC system, -
FM provides lower circuit noise in-
to higher G/T gateway terminal(s),
thereby efficiently matching space/
earth segment resources to a 2 cir-
cuit quality requirement.

Sensitivity to
C/NO' Varia—
tions

Digital system degrades graceful-

| 1y and provides inte;iigibility

to error rates of 10 +. Circuit
quality limited by quantization
noise (i.e., C/N indeggndent)
for BER's less tBan 10 °.

Performance degrades very quickly
below threshold. Above threshold
S/N improves with C/N_on a dB for
dB basis. ©

‘Sensitivity to

A PSK carrier possesses amplitude

Constant amplitude nature of FM

Transmission . | fluctuations and is therefore means HPA can be operated at satura-
Distortion & sensitive to limiting and AM/PM tion for a single carrier input.
Interference conversion in earth station HPA. |[For multicarrier operation required
The associated backoff penalty backoff is determined by both in-
with single carrier operation in- |termodulation and intelligible
creases. earth station TWT size by |crosstalk requirements. ~ Interleav-
2-3 dB. A CPSK carrier is some- |ing can be used to reduce effects
what insensitive to co-channel of narrow-band interference from
interference. ' adjacent satellite SCPC systems.
Channel Unit Comparable in moderate quantities. Large Scale Integration could
Cost & Reli- significantly reduce unit cost of digital chamnel unit for sufficient-
apility ly large market.




2.3

2.3.1

The underlying assumption in this study has been that net-
work quality performance shall be provided at both ends of
the rural satellite circuit. Relaxing this objective permits
a reduction in required C/No (see Figure 2-1) and a lowering l
of the cost per telephone. A split circuit quality (37.5
dBrnCo into switched network, 44 dBrnCo to rural subscriber)
system of the type currently serving Frobisher Bay and Resol-
ute Bay is particularly well matched to the anticipated para-
meters of the rural and gateway stations. Instead of having
two carrier levels to equalize received C/N 's at these
stations, a single carrier level is employed and noise per-
formance to the rural subscriber relaxed. Such an arrange-
rent improves transponder utilization and avoids power con-
trol and up-link interference problems in the fully connected
Type 1 system. The continued improvement in noise perform-
ance with increasing C/‘No well past threshold gives FM the
advantage of rural«rural or rural<gateway transmission

compatibility (i.e., no change in transmission parameters required)

and excellent noise performance at the rural terminal under
unfaded conditions. The two circﬁit quality concept also ap-
plies to occasional rural-to-rural calling or special pre-as-
signed circuits in.the Type 2 (hubbed). configuration.

Methods of Enhancing Transponder Utilization

Frequency Planning

The selection of carrier freguencies in either a pre-assigned
or demand assigned system may be of considerable importance in
opt:imizing space segment utilization or reducing earth terminal
cost. There is considerable freedom in assigning transmit
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frequencies to the participating stations because: (i) in a
power limited system the number of simultaneous satellite
links which can be supported falls well beclow the bandwidth
capacity of the systém, (ii) a set of "usable" SCPC fre-
quencies can be assigned to individual stations in a variety
of ways. The following aspects should be considered in allo-
cating frequencies to a given multi-chammel earth station:

IM product filtering
output conbining :
transmit/receive frequency synthesis

and within the satellite transponder:

IM product noise contribution
adjacent satellite interference
adjacent (SCPC) channel interference

These factors are considered briefly and an overall rationale
for assigning frequencies described. )

For a single channel (Type A) earth station one transmitter
is operated in the single carrier mode - IM products are not
generated and output combining is not required. These do not
therefore influence or constrain the selection of the trans-)
mit/receive frequency pair. However, channel unit cost is
reduced if one synthesizer can control channel selection on
both transmit and receive; this means transmit and receive
frequencies should be correlated in one of the following ways:

- possess a common frequency difference (typically half
transponder = 27 MHz) so that second frequency can be
derived by mixing synthesizer output with fixed source
(existing Telesat Thin Route system)

~ be symmetrical about a given frequency, so that desired

frequencies are upper and lower sidebands from mixing
synthesizer output with fixed source (SPADE system)




Restricting the range of permissible frequencies reduces. syn-—
thesizer cost slightly but is probably not merited.

For a multi~channel (Type B) earth station, several transmit-
ter options are possible, as discussed in Appendix C. A
novel configuration for a 4 chamnel earth station which mini-
mizes HPA requirements is. presented in Figure 2-2.

L ¢

FIGURE 2-2

Two transmit chains are employed, each handling two carriers.
Tnis provides parallel redundancy, obviating the need for
standby equipment. It also permits the HPA's to be operated
at saturation with essentially lossless combining and no il-
Iumination of the satellite with 2A-B and higher order IM
products produced in the HPA's. This implies very efficient
DC power utilization without a distortion penalty.

Simple (few poles) wideband 14 GHz bandpass filters are em-
ployed to remove these IM products (without distorting wanted

a .
_'J;
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carriers); BPF2 also provides isolation for canbining purposes.
Simplicity means both low cost and small insertion loss RF
filters possessing a low Q. The scheme relies on sufficient
separation of the assigned SCPC frequencies to ensure 3'rd -
order product energy falls outside the passband of the post-
filter and is not radiated to the satellite, as illustrated

in Figure 2-3. |

BPFy 3'rd Order IM  Difg
A A /Products A n
25 1 3 21 -1 k1 21k
' £ (GHz)
FIGURE 2-3

For a fixed filter bandwidth
B >> Af = SCPC channel spacing

centered on frequencies fm and fn respectively (fm—fn|>B) r We
have therefore imposed both upper and lower limits on the as-
signable frequencies

fm—%ffiffm_%.
fm;k%ffjffm-&—g-’
SR
LTS SR
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For example, with
B =~ $ transponder bandwidth assigned to rural service

nearly one half of the channels can be assigned with such a
terminal configuration ag illustrated in Figure 2-4.

Allocated Bandwidth

¥

Usable Bandwidth

RN
NN

A\

o

|
o] o A
(93]
jav)

f >

 FIGURE 2-4

A value of B less than this reduces the muber of SCPC fre-
quencies assignable to the terminal and increases the output
filter Q. Note that: (i) The configuration in Figure 2-2
permits capacity to be expanded in units of two channels
simply by adding parallel transmit chains. No alteration of
existing equipment is required except possibly a change in
output filter bandwidth to maintain

B < total allocated SCPC bandwidth/terminal capacity

and corresponding alteration of assignable frequencies. The
scheme thus permits graceful growth of a rural terminal from

two to eight channels. For more than eight chamnels a single,
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backed off HPA, redundantly configured, would be preferred to
avoid replication of up-convertors and the increasingly complex
frequency plan imposed by the output combiner. (ii) ‘The acces-
sible transmit channels can be alteved from terminal to
terminal simply by staggering the filter center frequencies

to the left or right. This should not be necessazy as less
than half the carriers (in a hubbed system at least) could at
any time be transmitted from multi-channel rural terminals.

Of concern also is the disposition of SCPC carriers over the
available transponder bandwidth. The intermodulation noise
contribution to received C/N for a homogeneous SCPC system is
normally evaluated assuming one of two frequency plans des-
cribed as follows:

~ random selection of carrier frequencies, J'mplying a con-
stant IM product spectral density across the band (plus
ripple margin); '

- uniform carrier spacing, implying all the in-band
noise falls on the occupied channels.

As the percentage of unused available transponder bandwidth
increases, the IM allocations obtained under these two con-
ditions diverge. In the first case, excess bandwidth is used

to advantage in proportionatély increasing the average car-

'rier-to~intermodulation noise ratio (C/I). In fact, perform-

ance somewhat better than random spacing can sametimes be ob-
tained with specific frequency plans [3,4], although these
could be unduly restrictive for our application.

In a homogeneous system there is ohly theﬁuestion of which

frequencies to select for transmissioh. In a non-homogeneous
system, such as the two level scheme proposed for hubbing cir-
cuits through one or more central stations [5], it may also be
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desirable to specify the power level(s) permissible at each
frequency. This could serve the purpose of restricting the
type and hence the level of IM interference falling on small
carriers, ensuring links to :the central station do not he-
come intermodulation noise limited, implying the need for
_increased EIRP from the rural terminal (an expensive com-
modity) . ’

Several frequency plans keep IM produéi:s of large carriers
off the small carriers; one example is the odd-even channel
assignment in which large carriers can only appear on even
nubered chamnels [5]. Carrier frequencies within the odd
and even channel grouping are best assigned randomly as if
two independent homogeneous systems (at the two carrier
levels) were being considered.

Factors other than intermodulation may influence the selec-
tion of SCPC frequencies in the transponder, although these
depend on the specific system and it is difficult to general-
ize. Coordination with adjacent satellite systems may limit
wp-link frequencies from the small terminals to some permis-
sible portion of the band. Furthermore, it would almost
certainly be necessary to avoid frequencies within the energy
dispersal range of adjacent satellite TV carriers [1].

- Adjacent channel interference between SCPC carriers is of
course an important consideration in the system design; how-
ever, it will not affect frequency assignment if the SCPC
channel spacing and transmit and receive filters are selected
appropriately. Scme reduction in channel unit cost may be
achievable by increasing the channel spacing-to-synbol rate
from the 1.4 value typically employed in (bandwidth limited)
SCPC systems. This might in fact be essential for the pro-
posed two level (hubbed) system with odd and even channel
spacing, in which a small carrier can be flanked by two large
(interfering) carriers.
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Voice Activation

'_ It is possible to substantially increase the capacity of an

SCPC system by utilizing a voice activation scheme. Voice
activation is a method by which advantage is taken of the
idle periods that exist in speech. These idle periods are
detected and the earth station transmitter is switched off
during the pauses in speech. This has two effects that im-
prove the utilization of the space link, namely:

(i) By conserving fhe transponder power during pauses in
speech it is'possible to increase the overall number
of voice channels simultaneously accessing the
transponder. |

(ii) The randomness of location of active carriers at any
instant in time and the fact they always appear modu-
lated, results in a more favourable intermodulation '
noise spectrum. For a given nunber of active car-
riers, modulation improves the C/I by nearly 10 log
(channel spacing/carrier noise bandwidth) = 1.5 dB.
This advantage is theoretically offset by some re-
duction in flexibility of choosing specific SCPC
carrier frequencies to minimize in-band intermod;
however, in a demand assigned system such frequency
plans would not normally be employed.

Voice activation increases the power-limited capacity of an
SCPC system (carrying voice traffic only) by a factor of at
least 2.5, which corresponds to a voice duty factor of 0.4.

Voice activated operétion places somewhat differént demands
on FM and CPSK channel equipment. Both must provide rapid
detection of the voice signal, delay between the voice detec-
tor and the carrier-control switch (to prevent clipping of
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the first syllable of a voice-operated transmission), and
similar delay at the demodulator (to permit control of the
system squelch.operation without clipping of the voice and
without permitting noise bursts to reach the output at the
end of each voice-operated transmission). These functions
are all performed more easily in the digital domain.

Rapid democdulator acquisition and the necessity to insert a |
carrier/bit timing recovery pre-anble at the beginning of
each voice activated RF burst, in addition to voice detec- -
tion, are the key requirements voice activation imposes on
the design of a CPSK SCPC channel unit. An FM demodulator,
on the other hand, is neither coherent nor synchronous, and
does not require a significant acquisition time. '

Demand Assignment

In the context of satellite communications, "demand assignment"
is a procedure whereby a common pool of circuits or links is
shared by all users according to their individual demand.
Hence, a circuit is set up between two ground terminals only
when it is necessary. Access to the common pool is usually
dist:ibuted over several terminals, thus providing Demand As-—
signment Multiple Access (DAMA). To enable allocation of in-
dividual duplex channels, transmission through the satellite
is done on the basis of single channel per carrier (SCPC).
Hence, a fully interconnective system is possible, with the
required switching being performed at the ground terminals by
means of channel selection. Since most users usually require
access for a small fraction of the total time, the number of
ground terminals may greatly exceed the maximm nunber of
similtaneous connections. This results in an enhanced opera- -
tional efficiency of the satellite resources.




2.3.3.1

2-15

Transponder Utilization Improvement

In a comparison of the traffic handling capacity of demand
assigned and pre-assigned service for a large mumber of low-
density traffic terminals, Dill [6] has shown that demand as-
signment yields an improvement factor of five to fifteen.
This analysis is relevant to a system such as SPADE [7], [8],
[9]1, in which the satellite serves as a trunk system, inter-
comnecting ground terminals which in turn are accessed by a
large nunber of users. In a rural commnications system, the
situation is somewhat different in that a remote ground term—
inal may serve only one user. In such a system, the object-
ive is thus to maximize the mmber of user locations .(tele—
phones) for a given satellite resource, rather than the traf-
fic capé.city. Hence, a different measure of improvement must
be determined. "

Suppose we have N remote telephones and n connecting links
(2n RF channels) to the terrestrial network, and that the
average demand per telephone during the peak period is d er-
langs. The total average demand will be a = Nd. For such a
system, the grade of service, or probability of blocking, is
given by [6] ‘ '

an/n !

1+a+a%2l +...+a%nl

PB=

Consider first a system having only one link, or n = 1.

Hence
_ a
P = 153
from which
Pg
a = 7= PB o PB (for small PB)
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~ Now, since a = Nd, it follows that

N BP_B
d

or the number of telephones is directly proportional to the
grade of service and inversely proportional to the individual
demand. Note that for a pre-assigned system, N = n, so that
the improvement (increase in nmumber of telephones per link)
compared to a pre-assigned system is simply -
= N -y = B
I o= = N =
" Assume now that each telephone is used on an average of five

minutes during each peak eight-hour period. Thus,

5 1
d = gxe0 = 9g corlangs

so that

[ 2g
U}

N = 96 PB
Thus, for a 5% probability of blocking,

N = 4.8

H
]

In general, the number of telephones will be given by

a(n,PB)

N 3

and the improvement by

I = .]'S = _.____._a(n’PB)
n nd
where
a(n,PB) = the capacity in erlangs corresponding to n

links and grade of service Pye
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It is most convenient to determine a(n,Py) from an erlang

Table [10]. From inspection of such a table, it is seen that

for values of n greater than about 10, the capacity is not a
strong function of the grade of service, providing this is
small. Choosing Py = .005, the improvement has been deter-
mined for various individual demands and mumbers of links,
and is shown in Table 2.2.

N

Demand, Minutes/8-hr. Period

n 5 10 20 | 40 60

10 38.0 19.0 9.50° 4.8 3.2
20 53.3 | 26.7 13.3 6.7 4.4
50 | -68.9 34.5 | 17.2 8.6 | 5.7
100 77.7 38.9 |. 19.4 9.7 6.5
150 81.5 40.8 20.4 10.2 | 6.8
200 83.8 41.9 | 21.0 10.5 | 7.0

TABLE 2.2 - IMPROVEMENT REIATIVE TO PRE-ASSIGNMENT

Note that a system having only 10 links (20 RF channels)
could support 32 telephones, used one hour a day during the
peak 8-hour period, with a grade of service of .005. Also
note that as n becomes large, the improvement tends to level
off. Thus, for example, two parallel systems of 100 links
each are 93% as efficient as one system having 200 links.

From the above analysis, we readily conclude that DAMA must
be an integral component of any cost-effective rural commni-
cations system. : \

Other potential advantages of a DAMA system include the fol-
lowing:
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(1) Dynamic up-link power control, further ind:easing
transponder utilization (at the expense of more com-
. plicated control).

(2) Automatic dialing and call billing, including access
~ to the terrestrial switched network.

(3) Priority and pre-emption of calls.

(4) Remote monitoring and control.

(5) Accumulation of statistics relating to traffic pat-

Basic Configurations

Werth [9] identifies and discusses three basic configurations
which reflect the current DAMA schemes. These are illustrated
in Figure 2-5; and are discussed below. '

Type 1 - Distributed Control - Full Interconnectivity

An example of this configuration is the SPADE system [7], [8],-

[9]. Each ground terminal can obtain a direct connection to
any other terminal in the system. There is no central con-
trol, and each terminal accesses a Common Signalling Channel
on a time share basis, broadcasting to the entire network its
requests and call destinations. ‘

In the SPADE system, satellite links serve as trunks between
ground terminals located in different countries. Voice is
encoded using PCMiand transmitted as QPSK. The Common Signal-
ling Channel is a ‘true TOMA network, with a reference burst
provided by one station from which all other stations maintain

synchronization. The signalling channel occupies a pre-assigned
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Type 2 .
Full Interconnectivity and Central.
Control
Type 1
‘Full Interconnectivity and Distributed

" Control

—~—— Signalling Channel
.. Earth Terminal (node). - Type 3
—— Duplex Satellite Channel .

No Interconnectivity and Central
Control

FIGURE 2-5 -~ BASIC DAMA CONFIGURATIONS
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frequency slot, and provides 49 one-millisecond time slots in
a 50 millisecond frame. Each station is assigned one of

these time slots, and during that interval, broadcasts to the ,

network its requests for capacity, destinations, status, and
other signalling data. BAll other stations receive during
that time, and respond to properly addressed messages. The
channel bit rate is 128 kbps, with a separation of 5 bits be-
tween bursts.

Some advantages of a Type 1 system are stated below:

(1) Full interconnectivity eliminates the need for double
hops, improving transponder utilization and resulting
in less delay, echo problems, and other transmissibn
-difficulties.

(2) In an mtemational system such as SPADE, the politi-
cal and economic implications of one nation having
control over everyone's traffic are avoided.

(3) It does not require a central control station, thus
decreasing the network's vulnerability to failure or
sabotage.

(4) Pre—~assigned (rather than random) access to the com—
mon signalling chamnel results in minimm delay in
establishing links and exchanging signalling informa-—
tion. '

' The main disadvantage of this type of system is the terminal
complexity. This is clearly a major consideration for a
rural system incorporating a very large nurber of terminals,
each serving one (or a few) users. ‘ '
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Type 2 - Central Control - Full Interconnectivity

This type of configuration lends itself to the typical Domes-
tic Satelli‘.ﬁe (DOMSAT) application, which usually consists
of a central ground terminal in a large centre and numerous
smaller terminals located in other cities. An exanple of
such a system is the SUDOSAT system being installed in the
Democratic Republic of Sudan by the Harris Corporation [10].

~This type of system is practical for a network which requires

simple equipment at the remote sites and for which there are
no political constraints as to the location of the control
station. . The control station is of necessity quite complex,
and in addition, full redundancy is usually provided. Common
Signalling can be by means of a time shared (TDMA, random
access, or polled) common channel, or by dedicated individual
signalling channels. A

In the SUDOSAT system, Harris has made the decision to use
the dedicated signalling channel apprbach. This decision
was based on cost, reliability, maintainability, and system
integrity (the failure of any single TOMA modem could render
the entire network inoperable). The Harris implementation
uses a narrowband PSK modem operaﬁng at 1200 baud. Eight
1200 bps signalling channels require the same power and
bandwidth as one SCPC chamnel, providing a signalling link

with a BER of 10_5. - Exror detection capabilities are in-
corporated, resulting in a 10722 probability of incorrectly

receiving a message.
Some advantages of a Type 2 system are as follows :

(1) Pull interconnectivity eliminates the need for
double hops.
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(2) Remote terminals are relatively simple, reduc:.ng
" costs if a large nurber are reun_red

(3) Placing most of the complex control equipment at a
central location eases maintenance problems.

(4) A centralized computer system with communication
links to the renote terminals provides the capability
of remote monitoring and control, such as centralized
dynamic up-link power control, selective traffic
blocking, etc.

(5) New terminals can be added and other configuration
changes made with impact only on the central termin-
al. ' ‘

(6) Data is readily available for billing and traffic
analysis.

(7) Operator assistance and traffic routmg can be pro-
vided as requ:.red.

The main disadvantages of the Type 2 configuration are the
complexity of the central control terminal and the dependence
of the entire network on its proper operation. This usually
implies central rédundancy, further increasing cost. The
economic consequence of a central station of course diminish-
es as the nuber of terminals in the network becomes large.

Type 3 - Central Control — No Interconnectivity

In this type of system, the remote terminals have no means of
interconnection except via the central terminal in a double
hop mode. Hence, it is most appropriate for a system in
which each remote terminal serves a very small number of
users (perhaps one), and in which most of the traffic is
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between the remote stations and the central station or ter-
restrial network. Examples of this type of éystem are the
Marisat [12] system and the CRC [13] experimental system. In
both cases, the Common Signalling Chamnel (request channel)
is random access, thus introducing the possibility of message
collision. (Note that message queueing must be accounted for
whenever access to a common signalling chamnel is on a random
basis.) If two messages collide on the request channel, or
if errors have occurred, no acknowledgement will be received
by the remote terminal, and a new attempt is indicated. -

Advantages of a Type 3 system are essentially the same as
those of a Type 2 system, except that full interconnectivity
is not achievesble. This usually implies a certain amount of
double~hopping, and inay decrease the utilization efficiency
of the satellite.

Similarly, the disadvantages are mainly associated with the
complexity} cost, and vulnerability of the central control
terminal. In a system with a very large number of ground
terminals (and hence a high call rate), random access to the
Common Signalling Chamnel may cause operational difficulties.

MCS Cyclic Assignment

A novel approach to demand assignment has been propbsed by
Miller Communications Systems (MCS) Litd. which is referred to
as Cyclic Assignment Multiple Access (C‘Al%) because of the
manner in which channel assignments are performed. Tt is des-
cribed in more detail in Appendix D, and can be classified as
Fully Interconnective with AHybrid Control. As this classifi-
cation suggests, control is partly centralized and partly
distributed. The main area of innovation relates to the
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channel assignment protocol, which is more rigidly defined than in

other systems, thus reducing the amount of message transac-
tion, real-time processing, and intervention by the central
control terminal. This allows distributed control (with |
monitoring plus minimal central control) without increasing
the complexity of the remote terminals, while greatly de-
creasing the complexity of the central terminal. All mes-
sages are direct from terminal to terminal, and there is no
heed for relaying of messages by the central control terminal.
As described in Appendix D, at any given time, the channel
pair to be nextfassigned is used as a Common Signalling Chan-
nel in a random access fashion. When this pair has been as-
signed to the first to request it, all other terminals move
orward to the next unused pair, which then becomes the Com-
mon Signalling Channel. The central control terminal moni-
tors activity (for billing, traffic analysis, etc.), author-
izes entry to the system, and indicates by means of a trans-
mitted carrier the next pair of chamnels to be assigned.

This system appears to have potentially all the advantages of
a Type 2 system, but with considerably simpler central con-
trol requirements. ' '

Other advantages of this system include the.vfollowing:

(1) . The de-emphasized role and minimal complexity of the

. central control terminal result in degrees .of flexi-
bility beyond those of conventional DAMA systems.

For instance in a rural system, several central con-
trol terminals could be provided, each defining a
particular rural area, and acting as gateway termin-
als to the terrestrial network. A given system could
start off very modestly and be upgraded as. warranted
by traffic requirements. Similarly, an evaluation
system (or pilot project) could be implemented at
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(3)
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mmch less expense than a conventional central-con-
trolled system. Werth [8] concludes that "The tech-
nique of initiating service with pre-assigned opera-
tions and of slowly progressing from that mode to
full DAMA will be the key to success". Cyclic As-
signment appears to be ideally suited to this tech-
nigue.

Constant movement of the signalling channel makes
this system less vulnerable to intentional or acci-
dental jamming than a system using pre-assigned
(fixed) common signélling channel(s). This concern
was reflected in [14], which advocated dynamic re-
assignment of the control chamnels to minimize their
vulnerability. Further security is achievable by:

(i) disguising the marker carrier (i.e., the location

of the signalling channel at any time) by enploying

appropriate message codes, (ii) varying the position
of the signalling channel with respect to the marker
in a manner known only to the participating terminals.

Due to the decreased amount of message transaction
and processing required to complete an assignment,
assignment time should be reduced, resulting, in lower
probability of request contention, queueing, etc.
than for the conventional system with random access.
Also, fewer messages means lower probability of er-
ror. This should result in an improved grade of ser—
vice. ‘
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A possible disadvantage of this system is that for some
fraction of the total time (depending on the call rate)
request messages are precluded due to the necessity for the
remote terminals to seek and follow.the indicated channel.
This "unavailable" time will result in an increased request
density during the "available" time, increasing the prob-
ability of message contention, particularily at high call

rates. An accurate comparison (grade of service, flexibility,

complexity, cost, etc. )with other systems has not been
performed, and indeed this could only be done subject to a
- given set of specific requirements. (To a large extent,
" such requirements would be dependent upon the interfacing
terrastrial system and authority). Although this system
may not compare favourably under conditions of very high
call rate (such as SPADE), it is thought to compare quite
favourably with other systems using a random access Common
Signalling Channel. Hence, it is wor’chy of further con-
 sideration as an alternative to conventional DAMA, and is
considered to be a prime candidate for a rural communi-.
cations system. )
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Up-Link Power Control

A significant detrimental effect of utilizing the 12/14 GHz
band and higher for satellite commmications is the increased
fade depth encountered on the satellite to earth station

radio path due primarily to rainfall. There are basically

three approaches to the solution of this problem:

1) Increase the fade margin allowance,
2) Use an adaptive compensation scheme,
3) Use site diversity.

The brute force method of applying larger fade margins and

its resulting effects are discussed in Appendix B.

Earth station diversity has received attention as a means of
alleviating the effects of fading [15]. The problems associ-
ated with this approach, however, are:

1) The spacing between diversity stations must be tens of
kilometers*.

2) Increased earth segmént costs through hardware dupli-
cation.

3) Synchronization and control problems.

4) The requirement for a backhaul link between diversity
stations.

5) The cost of diversity must be borne even during seas-—
ons when heavy rainfall is not prevalent.

* : ' '
Based on the strong tendency for heavy rainfall to be localized rather

than distributed over a wide area.
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Clearly, large scale site diversification for a rural satel-
lite system would be impractical because of the costs.

For a hubbed network, the provision of moxé'than ohe hub or
gateway station per spot beam (not necessarily interconnected
by a dedicated backhaul link) would constitute a form of site
diversity and might reasonably be considered in a DAMA-based
network. In this case the centralized DAMA controller would
serve to direct calls to the most appropriate gateway station
considering its location, propagation conditions,. and avail-
able channel equlpment Even with pre-assigned SCPC channels,
splitting traffic from a multi-channel rural terminal to more
than one gateway would provide some diversity.

In the category of adaptive compensation schemes, power' coh—
trol in the transmitting earth station has been proposed to
compensate slow variations in up~link path loss [15]. Adapt-
ive power control in the satellite to compehéate down=1ink
variations is also feasible [17,18] but complicates the de-
sign and operation of the satellite transponder, and is not
in any event an option with Anik C. Discussions here will
therefore be limited to the use of up~link power control in
the transmitting earth stations. 4

For a backed-off SCPC/FDMA system with a moderate number of |
accesses, each one receiving only a small fraction of t the
SCPC traffic, considerable benefit can be derived from the
use of up-link power control. Up~link and down-link fades )
are compensated simultaneously by maintaining constant car-
rier power into the receive earth stations. [19]*. While in-
dividual carrier power levels into the satellite will vary,

*For earth station receiver noise dozm_nated links the received C/N loss
(fade) equals the reduction in received carrier level. Maintaining a
constant received carrier lével is therefore eguivalent to maintaining a
constant C/N. ’
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the statistical independence of down-link fades to different
locations implies that variations in multi-carrier TWT operat-
ing point will be small.

The use of ﬁp—lj_nk power control enables fade margins in a
fully connected SCPC system to be reduced from 7-10 dB to 2-4
dB depending on rainfall statistics, desired availability,
nurber of accesées, and accuracy of the fade estimator. This
implies a 5-6 dB reduction in average transmitted power from
the earth station and a corresponding reduction in off-axis
interference to adjacent satellites. Note, however, that up-
link power control does not effect a reduction in the earth
station HPA capacity since the peak transmitted EIRP will
still be required under maximm fade conditions.

Difficulties arise, however, in the implementation of up-link
power control since a transmitting earth station must have
knowledge of its up-link fade and the down-link fades at each
earth station to which it is transmitting. In devising a
practical scheme to accomplish this, measurement accuracy,
system stability and cost must be considered.

There are basically two approaches to the implementation of
up—-link power control:

(a) centralized control
(b) distributed control

Furthermore, power control can be. applied to all or some por-
tion of the active SCPC links without affecting the advantage
derived on these “links, providing the basic requirement for a
large total nmurber of accesses is satisfied.

With centralized control, decisions about transmit powers are
made and distributed from a central location such as the
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gateway station and with distributed control, each pair of
earth stations terminating a duplex circuit selects their own
transmit powers. Centralized power control in a fully con-
nected, demand assigned SCPC system is conplicated and im~
peded by extensive comunications requirements, and would be
costly to implement. Distributed control scheﬁ‘es, though
somewhat simpler, may suffer performance limitations and in ‘
particular, demonstrate unstable behaviour, although this has
not been verified [20].

One simple form of distributed control which merits attehtion
is described as follows. First of all, power control need
not be applied for channel request and assignment since coding
can provide satigfactory margin at little expense in overall
efficiency. Once they have been assighed channels, two sta-

tions begin transmission at nominal (i.e., low) power. If re-
ceive performance at either end is below the desired operating

limit, a tone (or other form of signalling) is activated in
the local transmit baseband, to be removed when the remote
station increases its carrier level sufficiently. This long
(2 satellite hop = % second delay) control loop could be
activated briefly as part of call set-up, or operate continu-
ously throughout the call. In the latter case, the control
signal must not interfere with the voice signal, yet be
strong enough to penetrate a heavily faded link (if the re-
ceived carrier is faded, the transmit carrier is likely
faded also). The additional circuitry required to implement
the scheme is not great, providing a performance monitor is
already fitted at the terminal. This performance monitor
would enable/disable a tone generator; a tone detector wouldl
in turn enable/disable the slow removal of attenuation on the
IF transrﬁit path. The scheme is illustrated in Figure 2-6.
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A very simple form of centralized power control for a two-
level hubbed system is illustrated in Figure 2-7. Only car-
riers emanating from the hub are subject to power control; .
therefore power control does not enter into the design of the
rural stations. The two difficulties of centralized power
control - namely detection and distribution of fade infbrma—-
tion - are overcone with little penalty in performance as
follows: ‘

(i) Each duplex channel includes a link from a rural
station to a hub and a return link from the hub to
the rural station. The small carrier transmitted
from the rural station is fixed (not subject to
power control) and includes a full (typically 7 dB)
fade margin allowance. The hub can therefore esti-
mate prbpagation fades directly from received car-
rier levels and adjust transmit carrier powers ap—
propriately. Thus carrier levels from the hub are
independently controlled by an equal nmurber of re—
ceived carrier levels, and are up-graded only as re—
quired to compensate real fades.

Any common reduction in received carrier powers at
the hub due to a down-link fade will be mirrored by
increases in transmit powers; however, this common
(i.e., correlated) change will be cancelled by the
up~link fade, leaving carrier powers at the satel-
lite input statistically independent. Therefore the
b to the rural station links derive the full ad--
vantage (4-6 dB) of power control; since these norm—
ally absorb about 80% of the satellite power, the

overall power limited capacity of the two level SCPC -

system is at least doubled without any alteration to
the rural station.
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(ii) Detection and distribution of fade information are
of course greatly simplified in this scheme.. Only
the hub need possess fade information, and these are
immediately available to the desired + .5 dB accuracy
[6] (even with voice activated carriers) and speed
(1 sec. sweep rate) from a computer-controlled spec-
trum monitoring system of the type now being developed
for operational deployment [22]. Such a system would
likely be in place for monitor, alarm and control
purposes in at least one station (e.g., gateway) per
spot beam, so it need not represent an incremental
cost to the power control system,

If such is the case, the only additional hardware associated
with this power control scheme are the IF step attenuators,
one per transmit channel unit, plus common control circuitry
and computer interface. The key to system effectiveness then
becomes the software which processes the carrier level
measurements, estimates the return fade, and controls the at-
tenuators. Initially it is proposed that carrier power be
adjustable (up to some allowable maximum, say + 6 dB) by an
amount equal to the estimated received fade, which is simply
the measured carrier level less a constant, in steps not ex-
ceeding 0.5 dB [6]. Smaller steps might in fact be necessary
to ensure satisfactory demodulator performance in the pres-
ence of power control induced arrpliﬁlde Jjunps. -

Improved return fade estimates could perhaps be made by dis-
criminating between remote up-link and received down-link
fade components* and applying

*'lhis could approximately be done by extracting the common factor in
measured received fades and attributing it to the common down-link.
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20 log (14/12) = £ 0.67 dB (1.36, .735)

correction factors respectively as illustrated in the follow-
ing equation (H = hub, S = satellite, R = rural):

fadeH 55 + fadeS SR = ,735 fadeR+S + 1.36 fadeS+R

_ However, some decorrelation between 12 GHz and 14 GHz rain

fades on a satellite slant path means the full 0.5 dB improve—
ment in rms estimate accuracy possible by applying the pre-
vious equation may not be obtained in practice.

Considerable engineering effort would be required to design,
implement, test, and optimize (under operational conditions)
even the simple power control schemes introduced here. How-
ever, the potential advantage in terms of both satellite
power utilization and interference to adjacent satellites
clearly indicate that such effort could result in more econ-
omic systems. A
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2.4 Channel Equipment

SCPC channel equipment is typically comprised of (Figure 2-8):

1) One or more channel units (each channel unit incorpor-
ates one or two frequency synthesizers depending on
whether paired or unpaired frequencies are used - see

- discussion in 2.3.1).

2) The Common Equipment

. Transmit IF Conbiner

. Transmit IF Amplifier

. Receive IF Amplifier (AFC)#*
. Receive IF Splitter

. Time/Frequency Unit (TFU)

. DAMA Controller

. Power Supplies

. Metering and Alarm Unit

3) VF Jackfield

The function of the channel unit is to :
1) Transmit Side

. Accept and delta encode or compress and pre-
emphasize a voice channel from a terrestrial
interface '

. Modulate the processed signal onto an IF car-
rier generated from the IF transmit frequency -
synthesizer '

*
AGC may or may not be provided.
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A-Mod SCPC Channel Unit .

Figure 2-9 illustrates ‘the functional block diagram of a typi-
cal variable slope A-mod channel unit with voice-activation.

The key elements of this block diagram are:

. Variable slope delta codec - an analog—tofdigital encod-
o ing/decoding scheme which provides a companding effect
analogous to that achieved in the analog case (companded
M) . '

~ » CPSK modem - the demodulator section may require the
presence of a preamble to facilitate carrier and bit
timing recovery on voice-activated bursts (A-mod unlike
PCM does not require frame timing). | |

. Digital or analog voice detector - used in conjunction
with the digital delay line and preamble generator to
achieve voice-activation of the IF carrier.

With regards to the incorporation of an echo suppressor func—.
tion, the existing voice detector in conjunction with ap-
propriate comparator circuits, time constants, delays and

break-in circuitry can be designed to meet or exceed the
CCITT Rec. G.1l6l for echo suppressors.

Digital SCPC channel equipment has been manufactured by
General Electric, Raytheon Canada, Digital Communications
Corporation (DCC), SED Sagkatoon, Nippon Electric (NEC) ,‘ and
Fujitsu. Miller Commmications (MCS) is currently developing
similar equipment for mobile UHF satellite terminals.’

Representative of this group of manufacturers' equipment is
DCC's STAC (STand Alone Channel Unit) which was specifically
designed for thin route applications (a few channels. per
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2) Receive Side..

. Select the required receive IF carrier by
means of the IF synthesizer

. ,Derrbdlilate the IF carrier

.. Perform the inverse signal processing of the
transmit side and output the resulting voice
signal to the terrestrial interface

Thus one channel unit is required for each duplex circuit.
Additional functions which might be incorporated in the chan-
‘nel unit include:
. Voice-activation of the IF carrier
. . Echo suppression (according to CCITT Recommendation
G.161)
. Multiplexing of low rate data with .the voice

. Signalling conversion

The channel unit(s) interfaces with the IF Common Equipment.
On the transmit side, the latter combines the output of the

channel unit(s) in the IF combiner and amplifies the result-
ing signal before routing it to the up~converter.

On the receive side, the IF subsystem a‘ccepts the IF signal
~from the ‘down-converter, centres the receive SCPC spectrum

(AFC), may perform amplification (AGC) and provides a mmber

" of output feeds (IF splitter) for the channel units.

For the remainder of this section, discussions will be direc~
ted towards SCPC channel units incerporating (1) variable
slope A-mod with PSK modulation; (ii) pre-emphasized compand-
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earth station). Much of the common equipment was incorpor-
ated into the channel units to produce a less complex and
therefore less expensive stand-alone installation. For
larger installations, however, this approach would be more
expensive than a common equipment approach.
STAC options include:

. 32/40 kbps-delta modulation codec

. 2-phase or 4-phase CPSK A

« Carrier spacings of 22.5 kHz, 45 kHz (Intelsat stand-
ards) or to order -

. Voice-activation (optional)
. Interface modules for EsM or SF signalling
. Echo suppressor (optional)

. Digital mﬁltiplex option for simultaneous transmission
of A-mod voice and data (1200 to 9600 bps) or telegraphy
(50 to 300 bauds) o '

The development‘of all-digital SCPC channel equipment has al-
S0 been reported by Harris Electronics Systems and I.T.T.

The Harris all-digital channel unit includes the following:

. 16 kbps adaptive delta mdulat_ion (ADM) codec on a
single monolithic integrated circuit chip*

. Forward-acting error correcting (FEC) codec

. All-digital demodulator (10 bps to 100 kbps)

*Currently available from Harris in either the 16 kbps encoder/decode;
version (HC-55516) or 32 k'bf_as encoder/decoder version (HC-55532) at a
cost of approximately C$44.40 (gty. 1) or C$32.40 (gty. 100). Similar
IC's are available from Motorola (MC 3418-38 kbps) and Consumer Micro-
circuits (FX 209). '
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Unique features claj?tred for the adaptive delta codec include:
. Extreﬁ\ely low power consumption (léss than «5 milliwatts)
- . Very low cost |
. :i_ncreased reliability (monolithic chip realization)
. small size -

. stable operatioﬁ

In Canada, considerable effort_hae been and is being directed

towards the development of similarv equipment, e.g., MUSAT
channel unit. Significant aspects of the channel unit as

(they relate to the possible deployment of CanadJ.an technology.
“in a rural satelln.te communications environment include:

. The development of an adaptive delta codec'in a hybrid
LSI form (for application primarily at 16 kbps).

. The development of a fast frequency shift keying (FFSK)
modem* capable of operating at either 2.4 kbps or 16
kbps. '

. The development of a DAMA controller for the channel
unit.” ’ : '

While 16 kbps delta is incapable of providing network or in-
ternational quality voice circuits, the existence of research
and development within these areas is significant in itself
and an extension to the development of higher bit rate (e.q.,
32 kbps) delta oodecs and FFSK modems should not be difficult
to achieve.

*It is understood that development is also progressing ‘towards the imple-
mentation of a 16 kbps FFSK modem in IST form which should be- available
within the near future. A developmental model of th_'LS channel unit is
depicted in Figure 2-9. -
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FM SCPC Channel Unit

- Figure 2-10 is a functional block of a pre-emphasized, com-

panded FM SCPC channel unit with threshold extension demodu-
lation and voice activation. ‘

The key elements of this block diagram are:

. Deviation limiter - for keeping the peak carrier devia-
tion within the nominal IF passband of the demodulator. -

. Pre-emphasis/de-emphasis networks - for flattening the
noise spectrum at the output of the demodulator.

. Compressor/Expandor (Compandor) -~ for reducing the sub-
jective circuit noise level.

« Speech detector - for voice-actuation of the IF carrier.

. Threshold Extension Demodulator (TED) - for extending
the operational range of the FM demodulator to lower
carrier-to-noise density ratios (C/N). ‘

An echo suppression function can also be incorporated in the
FM channel unit and is a feature offered by some manufacturers.

FM SCPC systems have been manufactured by Hughes Aircraft,
California Microwave, Scientifc Atlanta and Spar Technology.
Several systems are eigher in use or planned for domestic
satellite systems, e.g., Algeria, Indonesia, Alaska and
Nigeria.

California Microwave's FM SCPC channel equipment (Figure 2-11)
is representative of this class of commercially available
equipment and includes:

. Pre-emphasis/de-emphasis (pre-emphasis advantage of
6.3 dB).
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(a) Crystal Oscillator (Spec. as per HP 105443)
Diurnal variation (7 x 1072) = 17.5 Hz
Long term aging (5 x 10_10/®y) = 1.25 Hz/day
(b) Cesium Oscillator
Iong ferm (better than 10 20) = 0.25 Hz

The weight and power penalties associated with this type of
spacecraft hardware remain to be assessed.
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. Compandor (2:1 and 1:2 logarithmic compression/expansion
laws).
. Voice-activation.
. Echo suppressor (meets CCITT Rec. G.161).
. Threshold extension demodulator (C/N threshold = 6.5 dB).

. Demand assignment capability.

2.5 Frequency Stability and Control Technicues

Frequency control of SCPC systems is necessary for two reas-
ons:

(a) To ensure separation of channels and prevent adjacent

channel interference (ACI).

(b) To ensure that the frequency offset of the carrier
does not exceed the demodulator pull in range and al-
lows acquisition within one or two milliseconds (for
voice activated operation).

This section examines:
() Sources of fregquency error in SCPC systems.

(b) Effects of frequency error.

(¢) Presently used techniques for minimizing these errors
including their limitations and costs.

(d) Novel techniques for frequency control.

(e) Estimates of cost savings per station if techniquesv
in (c) above are implemented.
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Sources of Frequency Error in SCPC Systems

Each modulated carrier in an SCPC sysStem has a unigue nominal
frequency associated with it at every stagé in the transmis-'’
sion path. The carrier is defined to have a frequency error
of Af when the actual frequency and the nominal frequency
differ by Af.

Frequency errors can arise via the following mechanisms:
(i) Errors in the earth station transmit frequency (£).

(ii) Errors in the satellite translation oscillator
(). '

sat .
(iii) Errors in the earth station. receive translation
oscillator (fr) . ‘

(iv) EBrrors due to up-link and down-link Doppler shifts.

For geostationary commmnications satellites, Doppler shifts
are assumed to be negligible.

Denoting the demodulator input frequency by £., the demodu~
lator input frequency error is given by

Afd = Aft + Afsat + Afr (1)

or for the worst case where all components have the same sign

lag, | = |ag, | + A o | + |Afr| : (2)

In equations (1) and (2), two distinct components of frequency
error are present:

(2) Common Frequency Error (CFE)

Afsat and Afr are common to all carriers being trans-
ponded via the satellite and received by a given
earth station. For a hubbed system, Af is also com-
mon except at the gateway station.
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(b) Unique Frequency Errors (UFE)

Af is unique to carriers originating from a particu-
lar earth statlon assuming, as is normally the case,
that individual earth stations have uncorrelated
transmit frequency errors.

The magnitude of the above components of error in any given
oscillator is principally a function of:

(&) Initial setting accuracy.

(b) Oscillator aging.

(c) Supply voltage variations.

(d) Operating temperature variations.

In order to compensat for frequency errors arising from aging,
periodic readjustment of earth station oscillators is neces-
sary Errors due to voltage and temperature variations are
not normally correctable by periodic maintenance since they

tend to manifest themselves in the shorter term; i.e., hourly _

or daily, and are non~-cumulative.

In the spacecraft the situation is similar for voltage and
tamperature induced variations; however, it is not current
practice to periodically readjust oscillator frequency to
compensate for aging effects. For present day communications

satellites the implications of uncorrected frequency errors

over the mission lifetime must be taken into account.

Table 2.3 shows representative frequency étability specifi-
cations for wodern hz_gh stability oscillators. All of these
could be considered as candidates for use in earth stations.

Table 2.4 shows frequency stability spec:.flcatlons for cur-
rent satellite local oscillators.



STABILITY (Af/f)

OSCILIATOR TYPE PRICE COMMENTS
' Temp. Aging Voltage $ US
(0° - 50°) (per day) +10%
VECTRON CO 252-3 +1x1077 1x10°8 NS 500 VHF crystal oscillator, temperature
' ’ compensated TCXO.
. VECTRON CO 224 +1x1077 1x10°8 NS 400 Most stable VHF crystal oscillators;
" Oversized. '
-9 -10 -10 | e
HP 10544A 5 Mz 7 x 10 5x 10 ™ 1x10 600 Most stable 5 MHz crystal oscillator;
" Oversized.
-11 -12 : " .
HP 5061 CESIUM 1 x10 5x 10 NS 10,000 Atomic standard.

TABLE 2.3 - STABILITY .OF MODERN HIGH STABILITY OSCILLATORS

67-¢




£ - STABILITY (Af/f) IIFET
SATELLITE o | M_
MHz Temp. ‘ Aging Voltage. ERROR -
-6 -6 -6 -5
ANIK A 2225 +5x% 10 +6x 10 + 4 x 10 + 1.5 % 10
ANIK B 2300 N/A . N/A A N/A £1x107°
. -6 -6 -
ANIK C 2300 +5x 10 +1x10 ° +1x10.. +1x10° o
o
HERVES 2166.66 N/A - N/A N/A +1x107°

TABLE 2.4 - STABILITY OF SA'IELLI‘IE IOCAL OSCILLATORS
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Effects of Frequency Error

Adjacent Channel Interference (ACI)

When the wanted carrier and an adjacent unwanted carrier ex—
perience frequency errors such that partial overlap. of their
spectra (i.e., ACI) occurs, £he urwanted carrier will J_mpalr
the demodulation prdcess for the wanted carrier in one or
more of the following ways:

Higher Bit error rate

Intelligible or non-intelligible crosstalk

Demodulator capture

Increased demodulator C/No threshold

False muting circuit operation (for voice-activated sys-

tems) '
A 12/14 GHz SCPC system is potentially more sensitive to ACT
than a 4/6 Giz system as a result of: (i) larger absolute
frequency errors (for a particular stability); (ii) larger
variations (without power control) in carrier amplitudes due
to fading. The problem is compounded when we consider multi-
ple carrier levels without band separation.

The only component of frequency error that can cause spectral
overlap is the unique frequency error described in Section
2.5.1, since frequency separation is maintained when all car-
riers experience common frequency error. However, if AFC is
not used, common translation may result in detuning of the
desired signal and introduction of an adjacent mterferlng
s1gnal at the den‘odulator input.

To avoid ACI, SCPC carriers are separated by guardbands, i.e.,
unoccupied frequency slots. If in a perfect system (no
unique frequency error), an adjacent carrier separation of S
is acceptable, then in a system with unique frequency error
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of up to tAft per carrier, a separation of S ‘+_2Aft is re-
quired. '

Noting that typical signal bandwidths of SCPC carriers are
20-45 kHz, it is possible to define a_bandwidth utilization
efficiency factor E for a transponder;

E = BW occupied by signals
Total occupied BW

Table 2.5 shows E vs. Af, for systems employing 20 kHz and
45 kHz carriers. ‘

A, E (%).

(kHz) 20 kHz Ch. 45 kHz Ch.
0.1 .99 99
1.0 3] . 9%
10.0 50 ' 69

TABLE, 2.5 - SYSTEM BANDWIDTH EFFICIENCY VS. Aft

In a bandwidth-limited system every 1% of transponder band-
width dedicated to guardbands repreéents at least $20,000 per
year lost earning capability (based on a transponder lease of.
$2M/year); In a rural system where transponder channel capa-
bility is likely to be limited by power rather than bandwidth,
the econcmic penalty for having guardbands will be signifi-
cantly less. .

CPSK Demodulator Pull-In Range

The pull-in range for a demodulator is defined for present
purposes as the maximm input frequency offset that the



2-53

demodulator can tolerate and 'still function properly. - -
Ideally a demodulator should have a wide pull-in range; i.e.,
~ %= 5-10 kHz together with good steady state and tfansient per-

formance. In practice a tradeoff must be made between pull-in

range and such parameters as
(i) acquisition time,
(ii) demodulator losses.
Consider as an example, a second order high gain phase lock

4loop, operating in conjunction with an »umrodula.ted carrier_.
From Gardner [23]: '

Awp = .2»/5 (un KV’ | . (3)
; - ()12 1/2 | |
i.e., Amp < (w) (B) - (4)
2 ’ :
Tp = -é-—g—-(-%—f—)— - sec. , ~ (5)
B,
0'2 = .—____l = ——-———NO'BL '. (6)
6 2 CNR 2C : ~
10 log cos? (0g) dB for 2-phase CPSK
§ = -
| cos? (0g) o
110 log dB for 4-phase
b L+g sin? (0g) CPSK- (7)
o
where
Awp = pull-in range ('rad/sec)
g = loop damping ratio
w,  = undamped natural frequency (rad/sec)




2-54.
KV = lo‘op. gain
B, = single sided loop bandwidth
Tp = pull-in time
Af = input frequency offset
Oy = 1ms phase jitter on VCO output signal
N, = demod input noise power density

CNRL = carrier to noise ratio within loop
'C = input carrier power level
§ = effective demodulator Eb/No loss (in dB)

The implications of the above equations are as follows:

. To increase the pull-in range, the loop bandwidth
must be increased (Equation 3).

. Inéreasing the loop bandwidth reduces the pull-in
time (Equation 4) - a desirable situation in voice
activated systems.

but . Incréasing the loop bandwidth increases the rms
phase deviation (Equations 5 and 6) on the local
carrier which gives rise to an effective energy per
bit~to-noise density (Eb/NO) loss §.

Thus it is clear that optimm demodulator performance in
termg of acquisition speed and efficiency is best served by
desighing a system with minimm frequency error.
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Presently Used Technicques for Correcting Frequency Errors

General
The presently used techniques for nﬁ.m';nizing frequency errors
are:

(a) High stability sources.
(b) . Periodic retuning.
(c) Automatic Frequency Control (AFC).

A combination of all three of these methods is used in present

day operating systems such as Telesat's Thin Route System.

High Stablllty Sources

The most stable crystal osc1llator available (e.qg., HP 10544A)
have aging rates of 5 x lO per day which over 100 days
yields 1 x 107 or 1.4 kHz at 14 GHz. Thus even with this
class of source, retuning is necessary orice or twice a year.

The long term stability of rubidium or cesium standards is of
the order of 10 10 to 107 indefinitely and therefore fully
adequate without retuning for all ground station functions.

However, for small terminals the cost of these devices may be

prohibitive ~$10K each.

Periodic Retuning -

Periodic retuning of oscillators is a practical but undesir-
able means of minimizing frequency exrors. This method is
deemed undesirable since regular service calls must be
scheduled on an ongoing basis at a cost estimated between
$100 - $1,000 per visit depending on location. In addition,




2.5.3.4

2.5.4

2-56

there are technical difficulties associated with traﬁsporting
and using the secondary standards with which camparison is
made.

ArC

AFC, as presently performed in SCPC systems; e.9., SPADE,
Thin Route, employs a pilot tone transmitted from a network
reference station with an absolute error (Afp) not exceeding
a few hundred Hz.

At each receiving earth station the pilot is frequency
locked (see Figure 2.12) to a locally generated stable refer—
ence tone thereby removing all comon frequency errors (i.e.,
Afsat and -Afr) * from every message carrier but in the pfocess
introducing ‘the additional insignificant error Afp to each
carrier¥*,

Novel Techniques for Frequency Control

Here we consider some alternative approaches to frequency
control, viz.:

(a) Dissemination of a network wide ultra stable fre—
quency standard.

(b) Active control of satellite IO from ground.

(c) Ultra-high stability satéllite_ oscillators.

*

In the case of a hubbed network in which the pilot originates from the
gateway station, Aft = Afp is also a common error at the multi-channel
(Type B) rural terminal. ‘
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Dissemination of a Network Frequency Standard

It is quite a sirrple task to disseminate an ultra~high sta-

"bility (e.g., 107t ) frequency standard to all earth stations

in a network. This standard would then be used to synthes:.ze
all critical frequenc:.es in the earth station. Using this
approach, Af t and Afr could be reduced to a few Hz over in-

definite periods thereby avoiding the need for re{:urxing. Two

possible means of achieving this are now discussed briefly:
(a) - Two Tone Method "

~ Here the reference station transmits two tones- separ-
ated in frequency by a precisely known amount, e.g., '
5.000 Miz. The tone pair retains its frequency‘dlf—
ference while throughout the satellite link .and is
processed at the receive earth station using two
narrowband rec_eive:ts. After filte:&ing, the two
tones are mixed together (Figure 2.13) and the dif-
ference frequency is recovered to form the basis for
further synthesis. ‘

(b) Use of Data Clodks :
If the SCPC system is digital' the data rate (32 kbps/
40 kbps ete.) can be used as a frequency. referenoe.
Each earth station as part of its recelv:Lng process
recovers a data clock. Assuming the data clock origi-
nates at the network master station and is derived
from an ultra stable source, then each earth station
effectively becomes the recipient of this source.
_This method is directly applicable for hub-remote net-

work configurations. If the network. is designed for
free interconnectivity then the data clock bearing
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signal originating at the hub must be received by the
remote stations in addition to the useful message
traffic - i.e., the system gpproaches the two tone
method described in (a).

Active Control of Satellite L.O. From Ground

With the network frequency standard disseminated as in Sec-
tion 2.5.4.1, the outstanding problem becomes the stability
of the satellite L.O. In future - satellités designed for
SCPC transmission, active control fram the groﬁnd should at-
tempt to control the L.O. frequency to within a few tens of '
Hz indefinitely. ' ' "

In this approach the master station transmits a tone via the
transponder and measures the frequency error by loopback.
Commands are issued from the ground via the satellite command
chammel to modify the satellite IO frequency to null the er—
ror. 'The IO may be a VCO or a digitally programmeble synthe-
sizer with fine (e.g., 500 Hz) steps. The method selected
should consider the effect of updating the 1O freq@ncy on
the transponder traffic (i.e., phase modulation).

Ultra-Stable On—BQard IO

A direct approach to achieving stable satellite IO performance
is to employ an ultra-stable on-board standard either crystal
or preferably atomic, from which the LO is derived..

Assuming a 2.5 GHz satellite 10, the long term frequency er-'
ror exhibited might be as follows:




2'5.5.

2-61
Phase Noise Effects

The preceeding discussion has not considered phase noisé
impressed on the carrier as an wwanted source of modulation.
In the case of FM, phase noise > 300 Hz from the carrier is
demodulated directly as baseband noise. With a ccherent phase
shift keyed signal, phase noise frecuency oonponeni:s following
outside the carrier recovery circuit loop bandwidth are not
tracked and result in degradation in bit error rate vs ,Eb/No
performance due to phase jitter [29] between the reference
and the modulated carriaf.' -Since their nbdulatjncj signals are
low frequency, SCPC systems are sensitive to phase noise.
Flirthemore there is a tradeoff in the deéign of a local osc~
illator to meet phase noise and long term stability specifi-

‘cations.

Wideband AFC techniques that employ a.pilot to correct common

frequency errors to the receiving earth station demodulator also

serve to eliminate common phase noise components. A two tone
difference or data clock disseminated frequency standard (see
2.5.4.1) must possess the necessary phase as well as long:
term stability characteristics for effective acquisition and
demodulation. Note that in the case of CPSK or threshold

extension FM the demodulator PIL loop bandwidth must be suf—

ficiently large as to permit rapid acquisition of voice

activated carrier, and hence can. track low. frequency phase noise.

While both long and short term stability requirements must
be considered, it is generally the former which is more
stringent for unattended SCPC earth stations.
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'RURAL. NETWORK CONFIGURATIONS -

The purpose of this s‘qidy is to prpiride the technical and
cost factors hecessary to assess whether a 12/14 GHz. SCPC_

_ satellite system can serve some percentage of the rural popu-

lation more cost-effectively than by other means. In order
to derive the greatest benefit from satellite technology,
its role should be complementary to plammed and existing
rural cdmm:lnic':ations‘ facilities. While our attentibn here
is restricted to the satellite portion of an overall rural
netwdrk, it is useful to consider briefly how a satellite

.camunications facility could work together with subscriber

radio systems and other facilities to effec{:ively serve
large'rural areas. This is foilowéd in this section by a
functional description of three types of SCPC satellite
terminals and the method (s) by which they access each other
and the national switched network. o

Figure 3-1 portrays the topology of a subscriber radio system
with RF channel assignment from a Central Office station [24].
Due to the limited range Of the sﬁbscrjber radio equipment,
it is necessary to install and maintain a lai:ge number of
"autonomous" systems to cover a large rural area.

There may also be the additional requirement of providing in-
terconnection between the Central stations and the public
switched network. For rural camunities possessing a small
nutber of subscribers who could éconcmically be interconnected
by radio -but who are beyond the range of the nearest national
telephone exchange office, such interconnectioh might best be
provided by a thin route satellite system.

The principle is demonstrated in Figure 3-1 which shows a
satellite earth station collocated with the subscriber radio
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central office. Such a multi-channel rural station would
provide access to the national network for subscribers with-
in a radius of say 20-25 miles. Note that calls between sub-

scribers (i.e., neighbours) within the cammnity are not

routed through the satellite, but handled directly by the
radio system. We might therefore expect to avoid a high per-
centage of those calls which would be double hopped through a

‘hubbed system.

The local loops between one or more subscribers.and thenrt‘Jral
earth stations do not affect and are not included as part of
the satellite system description. Cost-effective telephone
service to a particular rural area, however, implies, an ap-
propriate mix of satellite terminals, terrestrial radio -

equipment, aerial cable, and 4-wire pairs. With respect to
the satellite portion of the system, the key question is"what
is the optimum "coverage" area of a fernﬁ_r‘]al'of given caéa—
city?" As it depends on the cost of (competing) terrestrial
equipment, this distance could best be determined by the
telephone companies given the satellite earth station cost
information contained in this report. However, since scme
rural families will be separated by more than the maximum
distance, single user (one channel) as well as multi-user
(typically four channels) SCPC terminals are considered in
this study.

Single—-User., Multi-User and Gateway Earth Stations

There are basically three types of earth stations which need _

be considered for a rural SCPC» network:

1) A single-user or Type A earth statipn that provides
one network quality duplex voice -circuit.

2) A malti-user or Type B earth station with at least
a 4-circuit capacity.




3) A gateway station capable of terminating a large (up
to several hundred) number of circuits.

A briéf functional description of thése stations follows.

’ Single-User or Type A Station

As the name suggesté, this station is intended for providing
telephone and/cr data service to a single household which is
typically located beyond an area which might be served by

- say a subscriber radio (SR) system. As mentioned in the in-
‘troduction, this would be in areas lying beyond a 24 mile

A (40 Km) radius from the SR base station.

' The Type A station would be located directly on the user's
premises with the antenna erected outdoors and possibly the
ground commnications equipment (GCE) located indoors to ob-
viate the need for a separate envirormentally-controlled
equipment shelter. To achieve this, the GCE might be con-
figured in a highly integrated modular package which can be
easily and unobtrusively installed. The GCE would be
powered from the standard household 115 Volt A.C. main sup-
ply- 7
Same of the features of the station might bes

1) 2-meter antenna (see Appendix A).

2) Non-redundant equipment configuration.

3) Non~frequency-agile up- and down-converters.

4) Demand-assigned access to the rural network.

5) vVoice-activation of the carrier.

6) Direct. 4-wire interface to a standard telephme set.




Multi-User or Type B Station

The 4-channel Type B station is intended to provide dedicated

circuits or interface to a small local exchande serving say 8

to 20 subscribers (depending on grade of service). In addi-

tion to providing access to/from the switched network, this

exchange would perfoxm the function of SW1tch:Lng calls between
subscribers.

In view of the 'comumity' aspect of the station, it would -
typically be collocated with the local sw&ching office (No. 5
end offlce) which might also serve as the SR base statlon
location for a subscriber radlo system (refer to Flgure 3-1).
To reduce costs and also for securlty reasons, the GCE mJ.ght
be located w:Lth:Ln the s;utchlng office. |

| Operationally, the Type B station ‘would be Very similar to

the Type A but might incorporate a limited amount of equip-

- ment redundancy to increase service availability. ‘For cost
reasons, modularity and large scale integration of communica-

tions subsystems would agaih be desirable. - l\lon-frequency—

‘agile operation, DAMA control and voice—actiﬁration of car-

riers would also be typical features of this station.

Gateway Station

The gateway station's function is basmally to act as the.
focal point for all rural traffic to and frcm the switched
network. There w:Lll typlcally be a single gateway statlon
for the rural network in each spot beam It would also serve

as the control point for a centralized DAMA control and be

responsible for the generation of the AFC system pilot; This
station would clearly have multi-carrier transmission capa-
bility and, in view of its importance in the system, more
elaborate (to blook diagram level in the case of the rural

N
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stations) descriptions of the three types of stations are

_given in Section 4.2.

Method of Interconnection

This section addresses the method(s) by which rural stations
access each other and the switched telepho’ne network. The
various transmission paths can be J.llustcated by means of
Figure 3-2. Associated with each of the four spot beams is

© . a 'rural exchange' each consisting of a gateway earth sta—
' tion and mmerous rural stations (both Type A and Type B).
' . As far as earth station J_nterconnectlons are concerned, no
' dJ.st:mctJ.ons between the single-user (Type A) and the multi-

user (Type B) stations will be necessary.

Rural exchanges Nos. 1 and 2, located :'Ln the West and West

Central spot beams respectlvely, can be used to J.llustrate
. the various interconnections.

For rural-to-rural interconnections (e. ges terminal 1 to’

terminal 2) within a spot beam, ‘there are two possible traris~

_ mlSSlon paths:

1): Double hop through the gateway station, 1 e., a hub-
bed system.

2) Single hop, i.€., a fully connected system,

The advantages and disadvantages of hubbed and fully connec-
ted systems have previously been discussed in Section 2.0.

For rural exchange-—to—-ﬁerrestcial network COnnecit:i;or{s (e.g.,
fram terminal 1), only a single satellite hop to the gateway
statien will be required. However, it will be necessary to
ensure that rural trunk circuits are routed strictly' via the
terrestrial microwave system of the switched network to
avoid tandem satellite connections, e.g., via hee.vy route
satellite message carriers.
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For rural-to-rural connections between spot beams (e.g.,
terminal 1 to terminal 3), there are two possibilities:

1) Single hop, direct interconnection.

2) Double hop interconnection via the West gateway
station, the terrestrial switched network (see
cament above for rural-to-terrestrial exchange
connections) and the West Central gateway station..

Single hop, direct interconnection implies the following:

1) A fully—connected national rural network

2) A common DAMA, system for all four spot beans.

3) Multa.-transponder frequency ag:Ll:Lty

4) Dual polarlzatlon transmit capab:Ll:Lty in the rural

eart:h statlons .

In view of the increased cost impact of points 3 and 4 on
the rural earth stations alone, such a gystem is not recom-

- mended. It is also very unlikely that the requirement for

such connections will be sigrﬁ.ficent enough to justify the
cost ard complexity of such a network.

The j:rpiemen‘tation of echo suppression in the rural network

‘has not been addressed in this study but is of paramount im-

portance in satellite systems., This subject has received
extensive treatment in the literature ard also in an MCS
study for the Trans Canada Telephone System [25]. Present
TCTS application rules require that all satellite trunks be
equipped with split echo suppressors. With the emergence of
the digital toll network both in Canada and the U.S.A., there
are numerous network’ and cost factors which have to be con-
sidered in the implementation of echo suppression [26].




Suffice it to say that some form of echo suppression, whether
it be by analog or digital echo suppressors or eécho cancel-
lers, will be required. For the Type A single-user stations,
an echo ‘éuppl;essor. is not required if four-wire connection to
the subscriber telephone(s) is employed; alternatively , the
echo suppression function can easily be incorporated into the
channel unit (see Section 2.4). For the Type B multi-user
terminal, it may or ‘may not be more cost-effective to utilize
conventional echo suppressors located in ‘the local No. 5 end
office. ' ' |

For rural-to-rural connections, whether single or double hop-
ped, echo suppression will be performed at the rural terminals
(or possibly in the collocated end office for Type B stations) .
Tt will be necessary to ensure that no more than two split

echo suppressors are present in any circuit connection..

For rural-to-terrestrial exchange connections, echo suppres-
sion will normally be performed at the rural terminal and in
the No. 4 toll office at the end of the toll trunk.




3.3

3-10

Network Growth and Development Strategies

A demand-assigned SCPC network, either fully connected or
hubbed, has been hypothesized as a means of extending tele-
phone service in rural areas. The projected rate of growth
of the system as well as its final configuration will in-
fluence the baseline design. Larger networks favour the
use of automated control. and supervision, and possibly the
exploitation of new technology. A pre-assigned mode of
operation may be favoured until the total number of operaf

" tive channel units in the system exceeds the mmber of

available satellite channels.

A hubbed system using a pre-assigned circuit arrangement has

the following important features:

1) Easily accommodates signalling, switching and billing

currently employed in the DDD network.*

2) Camplete interconnectivity between stations achieved
through double hopping. "

3) New rural terminals can be added with a minimum of
equipment sophistication (i.e., no DAMA equipment).

4) No modification required in the rural stations or
“the gateway station (except for possibly increasing
the number of channel units) as new rural terminals
are added.

Pre-assigned operation would normally be considered at start

of service if the minimum leasable or available transponder
bandwidth far exceeded the requirement (with DAMA present).
However, as discussed in 2.3.3.1, for the low-channel unit

N R .
One of the main difficulties with DAMA is the need to provide an inter-
face that ensures compatibility of the terrestrial and satellite por-
tions of an end-to-end dial-up circuit.

i .
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usage factors expected, the overwhelming bandwidth advantage
of DAMA probably dictates its use from the outset. Such is
not necessarily the case with power, however, and the follow—
ing techniques might be considered to upgrade capacity (# of
simultaneous circuits permitted over the satellite) of the

~ system:

1) Introduce voice activation of carriers.

2) Increase the G/T values of the rural earth station
and/or the gateway station.

3) Introduce up-link power control.
4) Introduce more efficient SCPC modulation techniques.

5) Expand the space segment leased to support the ser—
vice,

These techniques can be instituted with varying degrees of
ease and cost. The way in which service grows and- the rate
of growth will both have a major impact on implementation
strategies. : ' ‘




4.0 EARTH STATION REQUTIREMENTS AND CONCEPTUAL DESIGN

In this secti_oh, link calculations to determine the EIRP and
high power amplifier (HPA) requirements for the 2-meter Type
A single-user earth terminal are presented for both homogene-
ous and non-homogeneous (2-carrier level) systems. Based on
these results, HPA requirements for three candidate 4-channel
(Type B statiqn) HPA configurations are derived in Appendix C.

Two modulation techniques (for comparisons, see Section 2.2)
have been considered:

1) 32 kbps A-mod/4 CPSK/SCPC

2) FM/SCPC - with and without threshold extension demodu-
lation (TED)

Voice-activation of carriers and Anik C (primary coverage)
' operation are also assumed and the effect of up~link power
- control in a 2-carrier level system investigated.

These results pexmit some recommendations to be made on the
transmission parameters for a rural SCEC system. Enphasis is
placed on establishing tradeoffs; hard choices are only made
when clearly justified economically.

Results of the analysis are reflected in the éonceptual de~
signs of the Type A and Type B rural earth stations presented
as a conclusion to this section. Some preliminary evaluation
of earth station réliability together with rough cost esti-
mates for the stations are included and sérve as key indicat-
ors of overall economic viability. Discussion of the gateway
earth station will be limited to assumptions made on its size
and G/T for link calculation purposes and its function within
the rural SCPC network for the transmission system chosen*.

*A gateway station would probably also originate TV and trunk message.

The incremental cost to £it it with SCPC equipment and hence its impact
on the economic viability of a full scale rural-SCPC system would, there-
fore, be relatively small. ‘




4.1

4.1.1

Link Budgets'

To determine transmit EIRP and HPA 'requirements for the rural
earth stations, link calculations have been performed for
‘both a homogeneous (fully connected) and a 2-carrier level
(hubbed) SCPC system. '

Transponder SCPC-capacities for homogeneous and 2-carrier
level FM and A/PSK systems are derived. The effect of imple-
menting up-link power control at the gateway station only
(see Section 2.3.4) on transponder capacity for the 2-carrier
level (hubbed) SCEC system is also indicated.

Anik C and other link parameters are listed in Table 4.1.

| Assumptions utilized for the link calculations are stated in
Table 4.2 and the required unfaded carrier-to-noise density
ratios (C/NO'S) for digital and analog transmissions [1]. are
summarized in Table 4.3.

Homogeneous System

The results of the link calculations for a homogeneous SCPC
system are summarized in Table 4.4.

S ' ApPprox.. Required Required
_ , URe nfqamde?ld Transponder Barth Earth
, _ , ~ Capacity . Station Station
System G/,  (yox Factor = 2.5) _EIRP HPA
32 kbps  58.9 dB-Hz © 690 47.9 dBW 3.2 Watts

Amod '

M 59.8 dB-Hz 560 48.8 dBW 1.9 Watts
FM-TED  58.1 dB-Hz 830 47.1 d@BW 1.3 Watts
TABLE 4.4 - HOMOGENEOUS (2-METER) SCPC SYSTEM:LINK CALCULATION

RESULTS
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ANIK C Single Carrier Saturation Flux Density
SATELLITE Satellite Receive G/T

EIRP (Primary Zone)
Transponder Bandwidth

Up-Link Free-Space Loss @ 14.25 GHz and lOé Elevation
Down-Link Free-Space Loss @ 12.0 GHz and 10° Elevation

Gain of a 1-m® Antenna @ 14.25 Gz

10 l1og k (k 4 Boltzmann's Constant)

TARIE 4.1 ~ LINK PARAMETERS

-80 dBW/m*
+1 dB/°K
48 dBwW

54 MHz

207.8 dB

206.2 dB

44.5 3B

-228.6 -dABW/°K-
Hz -



10.

ll.

12.

‘Type A Single-User Earth Station G/T (2-m Antenna + -

340°K INR) .

 Gateway Earth Station G/T (4.57-m Antenna +

340°K 1NA)
Antenna Efficiency
Gain Calculations at Mid-Band Frequencies:-
 Transmit '
" Receive
Multi-Carrier Satellite Input Backoff
Centre Channel Carrier~to-Intermodulation Noise for
Equal and Equally Spaced Carriers @ IBO =
11 dB -
Transponder Usable Bandwidth
SCPC Channel Spacing
Earth Station 'I‘ransnut Waveguide Loss
Single Carrier HPA Output Backoff (see Appendic o) :

 PSK
M

Voice~Activation Factor

Up-Link Power Control Factor (Average)

TABLE 4.2 -  LINK CALCULATION ASSUMPTIONS

19.3 dB/°K
26.5 dB/°K
55%

14.25 GHz -
12.0 GHz
11 48

15 dB.
54 MHz
22.5 kHz
1d8
348
0 de
2.5 (4 dB)
4 3B
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Subjectively .
Fade Margin Modem Equivalent gﬁgﬁ:ﬁd
. to . Implement- Performance c/MN
System Threshold Threshold ation Margin at Threshold 0
32 kbps BER = 10_2 7d8 - 2.5 dB 14,000 pWpO 58.9 dB-Hz
A-mod ) ' '
™ C/N = 10 dB 7 dB 1 ds 10,000 pwWpO 59.8 dB-Hz
FM With C/N = 7.5 dB 7 3B 1 &8 10,000 pWpO  58.1 dB-Hz
TED :

TABLE 4.3 - REQUIRED UNFADED CARRIER-TO-NOISE DENSITY RATIOS



The above results indicate that a homogeneous SCPC system of
2-meter earth stations (G/T = 19.3 dB/°K) would be very power
limited* (bandwidth limit = 2400 channels) for the assumed
operating conditions.

Earth station HPA reguirements for all three cases could be
satisfied with a 10 Watt travelling-wave tube amplifier
(TWTA) operating at the appropriate output backoff.

4.1.2 2-Carrier Ievel System

For a 2-carrier level, hubbed (2-m <> 4.57-m) SCPC system,
the larger G/T at the gateway station permits the EIRP from
the rural stations to be reduced. This results in two ad-
vantages, relative to a system of equal carriers (homogeneous
system), namely:

1) Transponder power is utilized more efficiently (and

hence channel capacity is increased) when a signifi-
cant proportion of the satellite circuits are termin-
ated rather than just switched (double hopped) at the
gateway. Introducing selectable (call dependent)
transmit carrier levels in a fully connected system
achieves the same end, but complicates the design of
the rural station. :

2) EIRP requirements at the rural earth stations are re-
duced.

* .
For power limited systems in which excess bandwidth allows the selection

of a frequency plan which minimizes the effects of IM product noise, the
backoff that maximizes transponder capacity can be considerably lower

(say 7 dB) than the 11 dB value assumed in Table 4.2. Reducing the 11 dB
backoff to the optimum also increases (but not quite on a 1l:1 basis) the
EIRP per carrier. Since the total cost of HPA's is expected to be more
significant than space segment costs with DAMA, low duty factor users,
such a reduction is not justified. On the other hand, increasing the in-
put backoff beyond the point at which intermodulation noise is a signifi-
cant contributor in the link equation rapidly reduces transponder capacity
without altering required EIRP per carrier. 1l dB is therefore considered
about optimum for both the homogeneous and hubbed configurations.

i




The penalty of adopting this approadr is, of course, that
rural-to-rural calls must be double hopped, implying less ef-
ficient use of satellite bandwidth, and the gateway must be
fitted for additional SCPC channel capacity to accommodate

" its role of double hopping satellite circuits as well as pro-

viding access to the switched network.

The results of link calculation (Table 4.5) attest to the
aforementioned advantages of the 2-carrier level system.

Required Required
. Approx. - Rural Rural
UnfE sqa.'u.dggd Transponder Earth - Earth
C/N Capacity Station ~Station -
System (o] (VOX Factor = 2.5) EIRP HPA
32 kbps 58.9 dB-Hz 1094 43.0 dBW 1.0 Watt
A~mod '
M - 59.8 dB-Hz 890 43,9 dBW 0.6 Watt
FM~TED  58.1 dB-Hz 1320 42,1 dBW 0.4 Watt
TABLE 4.5 -~ 2-CARRIER LEVEL SCPC SYSTEM:LINK CALCULATION RESULTS

‘Comparlng the results in Tables 4.4 and 4.5, we note the fol-
lowing for the 2-carrier level system: ’

1) Transponder capacity for ruxal—to~§ateway circuits has

been increased by nearly 59%

(note, however, that thls
system is still power l:um.ted) ’

é) EIRP from the rural stata.on has been reduced by almost

5 dB.

3) HPA power capacity required has been decreased to a -

power level attaj_nable‘by solid state power amplifiers.




The -advantages which accrue from the above (as compared to a
homogeneous system) are:

(a) Reduced space segment charge per circuit »prov:i_.ding

double hop (rural-to-rural) calls comprise less than

75% of the total.

(b) Reduced off-axis interference transmitted from the
rural earth station. '

(c) The opportunity of using solid state power amplifiers

instead of TWIA's. The potential advantages of solid -

state HPA's are many:

higher reliability and extended life
higher efficiency

smaller size and weight

lower cost due to solid state manufacturing
techniques '

better linearity performance

low power supply voltages

If up-link power control is added to the larger carriers
(gateway + rural links), which contribute approximately 75%

. of the total up-link power, the saving in transponder power
can be used to further increase transponder channel capacity.
This can be illustrated as follows: for the 2-carrier level
system, a large carrier-to-small carrier ratio of 4.67 dB

(8 = 2.93) has been determined in the lirk calculations. The
percentage of the total up~link power contributed by the 4
larger carriers is therefore: ' o

o x1008 = 74.56%
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4.1.3

If an average ; (under dynamic conditions) up-link power con-
trol advantage of 4 dB (2.51) is assumed for the larger car-
riers, the _t_:_o_t_g_l_ up-link power required to. support a given
mmber of c1rcu1ts with the same link availability is there-
fore reduce‘a to

1+ gy

—1Txg X _lOO%‘ = .5.5%

The (power Limited) transponder capacity can thus be increased
by a factor 1.8l without altering the design or operational

‘complexity of the rural stations (see Section 2.3.4). Re-

sults are sumarized in Table 4.6.

Approx. Transponder Capacity -
(VOX Factor = 2.5, Up-Link

- System  Power Control Factor = 4 dB)
32 Kops A-mod 1980
- M | ' | 1610
FM-TED. » . 2390
TABLE 4.6 - 2-CARRTFR LEVEL SYSTEM TRANSPONDER CAPACITY

WITH VOICE-ACTIVATION AND UP-LINK POWER CONTROL

Conclusions

It is clear that a 2-carrier level, hubbed system offers sig-
nificant transmission advantages in terms of reduced inter-

. ference to adjacent satellites and the use of a more econcmi~

cal and reliable solid state power amplifier at the rural
station. The implementation of up-link power control on
gat_eway—to—rurali station links is also a desirable feature
which should be considered as a means of reducing space segment
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circuit charges without affecting the cost of the rural sta-
tion. ' 7

Earth Station Description

- Two performance paraneters have serious impact on the cost of
‘an SCPC earth station, namely

(1) circuit rioise
(2) circuit availability

Since they determine fair weather C/N . (see Figure 2-1) and

fade margin requirements (see Appendix B) respectively, both
the above enter into link equations to size the earth sta-~
tion. Circuit availability depends not only on fade margin,
however, but also on the reliability and maintenance of earth
station equipment. An earth station availability requirement

influences both capital and operating costs for the station,

and should be considered as part of the earth station des-
cription. A parametric approach to availability is taken in
this section since an objective for the service has not. been
specified. '

Circuit availability can be defined as the percentage of time

. a given duplex circuit between two stations is available.

Unavailability due to adverse propagation and no assignable.
DAMA channels are not addresséd.

The availability of earth station equipment supporting a
given duplex circuit can be broken down (assuming non-depend-

- ent failures) into a product of subsystem availabilities:

N

A=H'Ak

k=1

-ﬁ
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where
MTBE k

B T R, VMR

MI‘BFk = mean time between faiiures of k'th subsystem

%

mean time to repair of k'th subsystem

When redundantly configured subsystems are employed, it is
necessary to relate net ava:Llab:Ll:Lty Ak to unit availability
Ak Assuming a maintenance pol:l.cy Wthh responds to system
failures and a fixed MTTR [27] ’ the follow:.ng formila can be
applied:

B T Bo-hS |
Factors that affect MITR are maintainability, accessibility,
test facilities, spares provisionihg, maintenance philosophy,

etc. A comprehensive discussion of the various factors to be
considered in a Thin Route SCPC system is contained in' [1].

In the ensuing sub-sections, the MTIR is assumed to be the
same for all subsystems and availability is determined for a

~ range of MTTR's.

For the Type A sn.ngle—user rural earth statlon, a basic non-
redundant equipment conf:Lgurat:Lon is assumed. For the Type B
earth station, a nurber of different ~conf:1.guratlons are con-
sidered. In all cases, the subsystem MIBF's assumed are based
on best estimates of comparable 4/6 GHz equipment. Since 4/6
GHz technology is, however, well developed or 'mature', the
results cbtained for 12/14 GHz téchnology may at present be
slightly optimistic. |
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In the area of costing, again only 'best estimates' can be
applied in view of the lack of any real cost data for 12/14
GHz equipment Estimates of capital cost for quantity 10 of
the various subsystems have been made and a 15% cost discount
applled for large quantities (i.e., quantity 100).

Assumptions whlch either directly or indirectly affect earth

- station costs are listed in Table 4.7.

Type A Single—User

The typical configuration of a Type A rural earth station is
illustrated in Figure 4-1 and its basic characteristics
listed in Table 4.8. The station is assumed to Operate
within a 2-carrier level, hubbed SCPC system and accesses the
gateway earth stat:.on on a demand-assignment basis.

The station consists of:

1) A 2-meter Antenna
2) An Outdoor Unit
3) An Indoor Unit .

The outdoor unit is weather-sealed and mounted :immediately ‘
behind the antenna dish and in close proximity to the feed-
horn assembly to minimize RF losses.

Interfacility links (IE“L) connect the Outdoor Unit to the In~
door Unit at an IF frequency of 200 MHz (traffic paths). IFL
links for power distribution, remote sensing and reference
frequency feeds for the up-converter and down-converter are
also provided.

Locating the Indoor Unit inside the user's residence cbviates

the need for and added expense of providing a separate equip-

ment shelter equipped with environmental controls.,

‘—\
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Capital costs are based on a prime contractor purchasing basis, i.ef}_

subsystems are commercially available. Development costs are not
included in the costing of the earth stations.

The costs of the land and site preparation are not included. This
is reasonable if earth stations are ‘located on customer premlses,
e.g., individual's home or Telco property

The cost of building facilities is not included.

Connection to commercial prime power is available at no additional

capital costs.
The cost of operation and maintenance is not included.
The costs of providing spares and test equipments are not included.

Import duty, currency exchange, broker's fee, freight costs and
sales taxes are not 1ncluded.

TABLE 4.7 -~  COST-RELATED ASSUMPTIONS
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Anténna Size

Station G/T
Low Noise Amplifier (INA)
High Power Amplifier (HPA)

Transmission Capability

Frequency Agility

Access Technique

'Equipment Configuration
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2-meters
- 19.3 dB/°K
~ 340°K GaAs FET
~ 1Vatt solid—staﬁe

1 SCEC Carrier
(FM or. 32 kbps A-mod)

Non-Agile

Demand-Assignment Multiple Access
(DAMA)

Non~redundant

TABIE 4.8 - TYPE A RURAL EARTH STATION CHARACTERISTICS
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Outdoor Unit

_ The Outdoor Unit is comprised of:

1) Up-convertek' (nﬁ;}cer,/ harmonic filter, 14 d{z Phase~
Tocked Oscillator (P.L.O.))

2) Down-converter (mixer, harmonic filter, 12 GHz P.L.O.)

3) RF Chamnel Filter |

4) 1 Watt solid-state HPA

5) Transmit Rejection Filter

. 6) 340°K GaAs FET INA

Up~/Down-Converter

To minimize RF costs and alignment, a single stage up-conver-

sion/down-conversion process ig postulated. This requires
that the IF frequency be as high as possible since the RF

- channel filter will be centered on the sum of the local os-

cillator (L.0.) and IF frequencies. The critical rejection
which the channel filter must therefore provide is the 7rejec--
tion of the L.O. frequency. Since the RF mixer typically
provides 30 dB of isolation (L.0. to RF), it is required that
the charnel filter provide a further 30-40 dB of L.0. rejec-
tion. For a 200 MHz IF, a 0.5 - 1% bandwidth waveguide fil-
ter should be capable of providing this rejection at an off-
set frequency of Af = 200 MHz.

~ Failing this, however, the more conventional and expensive
method of double up-/down-conversion would have to be adopted.

The reference frequencies for the P.L.O.'s are generated in
the TFU (Time/Frequency Unit) located in the Indoor Unit to
minimize frequency variations with temperature fluctuation.

.‘)‘ " — ﬁ >

m e
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HPA

After up-conversion to the 14.0 - 14.5 GHz transmit fregquency
band, the outgoing signal is amplified by the HPA and trans-
mitted to the satellite. It was earlier determined that, for
the EIRP required in a 2-carrier level SCPC system, a solid-
state HPA would suffice and is clearly more desirable than a
TWTA because of its lower cost, size, weight, higher relia-
bility, etc. In addition, its size, weight and low power re-
quirement greatly facilitates its integration into the Out-~
door Unit.

The two most promising solid-state devices are the GaAs FET
power amplifier, a 5-Watt version of which is expected to be
available within the next year or two, and the IMPATT diode
amplifier. 10-Watt versions of the latter are being fore-

INA

On the receive side, a transmit rejection filter ;'Ls used to
attenuate the cross-coupled transmit band by typically 60 dB.
The signal received from the satellite in the 11.7 - 12.2 GHz
band is amplified in the low-noise amplifier (INA) and then
down-converted to a 200 MHz IF. |

There are basically only two types of low noise amplifiers
which are of interest at 12 GHz: the parametric amplifier
(TI_NA Z 90°K to 120°K) and the unccoled solid-state GaAs FET
INA (T = 340°K).*

* : -

_In Canada, a prototype Peltier-cooled GaAs FET at 170°K is expected to
be made available within the next year. A 290° GaAs FET INA (uncooled)
is also being forecasted in the industry.
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On the basis of cost, reliability, size, weight and power
consumption, the solid-state GaAs FET INA is the clear choice.

Indoor Unit

The Indoor Unit is comprised of:

1)
2)
3)
4)
5)
6)

A channel unit

DAMA controller

200 MHz IF equipment
Tirme/Frequency Unit (TFU)
Metering and Alamm Unit
Power Supply Unit

A brief description of the main sub-units follows.

Channel Unit

The channel unit (either digital or FM - see Section 2.4)
contains a single frequency synthesizer for the generation
of both transmit and receive IF frequencies which are mirror
images in frequency with respect to the AFC syétem pilot,
i.e., frequency pairing is assumed. Frequency selection is
determined by the DAMA controller. The signal interfaces to
the channel unit are at an IF frequency of 200 MHz and voice
frequency (VF) at baseband.

Since the channel unit also serves as the demand—assigrm‘ent
channel unit, signal interfaces from the channel unit to the
DAMA controller are provided.

DAMA Controller

The basic functions of the DAMA Controller are:

¥
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1) To handle the demand-assignment control messages to
.and from the central DAMA Controller.

2) To select the proper pair of transmit/receive IF fre-
quencies for the modem in the channel unit in response
to directives from the central DAMA controller.

3) To generate various supervisory and call-progress
tones.

In the idle mode (phone on-hook), the DAMA controller selects
a frequency pair corresponding to the demand-assignment con-
trol channel (DACC)‘ and continuously monitors the DACC for
incoming messages fram the central DAMA controller.

Other functions which might be performed by the DAMA control-
ler include: '

1) In-station diagnostic routines with faults reported to
a central maintenance depot and/or indicated on the
Metering and Alarm Unit. These routines might be exe-
cuted ei'fher on a regular basis or on commands from
the central DAMA controller with system status re-
ports forwarded to the maintenance depot (possibly
collocated with the gateway station) at off-peak

- hours.

2) Ina fuily—comlected, homogeneous SCPC. system, the
DAMA controller might be required to perform up-link
power control (by varying an IF attenuator) in response
to either fade information supplied by the distant
station's DAMA controller and/or the local fade esti-
mator* (see Figure 4-1). '

* | . . ’
This could simply be a suitably calibrated rain gauge.
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AFC + Reference Recovery Unit

This unit performs the following functions:

1) Spectrum centering (AFC) of the received SCPC spectrum
by means of a system pilot generated from the gateway
station (see Section 2.5).

2) Recovers the ultra-stable reference frequency gener-
ated from the gateway station by using £he system
pilot in conjunction with a second system pilot (see
Section 2.5).

The spectrum-centered IF signal is routed to the receive IF
port of the channel unit for processing. The recovered
ultra-stable reference frequency is routed to the TFU.

Time/Frequency Unit (TFU)

The function of the TFU is to use the recovered reference
frequency to provide the following:

1) Higher reference frequencies for the phase-locked
oscillators in the Outdoor Unit.

2) A reference frequency for the channel unit frequency
synthesizer. '

3) Various clock signals for the channel unit (if digital).

To enable initial acquisition of the ultra-stable reference
frequency, a separate VCXO with a frequency stability of

say 1 x 107° might be provided for the down-converter P.L.O.
and might be arranged to be automatically switched in upon
loss of the recovered stable reference frequency.

L
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Reliability Analysis

For the basic non-redundant equipment configuration assumed
for the Type A station, the reliability model simply consists
of all .subsystems comnected in series (Figure 4-2). The re-
liabilities of the Metering and Alarm Unit and household en-
vironmental systems are not included since, in general, fail-
ures of these 'secondary' subsystems will not affect traffic.
Prime power availability has not been included mainly because
of its present unpredictability.

The MIBF's assumed for the various subsystems and the subsys-
tem availabilities for an MITR = 40 hours are tabulated in

Table 4.9. Earth station availability,
13 |
Bpg = T A

i=1

as a function of MTIR is given by Figure 4-3.
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'FIGURE 4-2 - RELIABILITY MODEL - TYPE A RURAL EARTH STATION
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ESTIMATED

SUBSYSTEM MIBF (Hours) MTTR = 4 Hrs.
Antenna 500,000 0.99999
Solid-State HPA 66,700 0.99994
GaAs FET INA 66,700 0.99994
Up~-Converter (Non- _ 11,600 0.99966
Agile; Single Stage
‘Conversion) '
Down-Converter (Non- 11,600 0.99966
Agile; Single Stage
Conversion) ’
RF Channel Filter - 500,000 0.29999
Tx Reject Filter 500,000 0.99999
TX IF Amp. 33,000 0.99988
AFC + Reference 14,600 0.99973

Recovery
Time/Frequency 34,400 0.99988

Unit (TFU)
DAMA Controller 33,000 0.99988
Channel Unit 16,600 0.99976
Power Supply Unit 16,600 0.99976

TABLE 4.9 - SUBSYSTEM RELIARILITY DATA

MTTR = 40 Hrs.

0.99992
0.99940
0.99940

0.99656

0.99656

0.99992

0.99992
0.99879

0.99727
0.99884

0.99879
0.99760

0.99760
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Costs

Estimated subsystem capital costs for the Type A earth sta-
tion are as shown in Table 4.10 for quantities 10 and 100.
']3_'1e costs for the latter quantity are derived assuming a 15%
cost discount for quantity purchase; costs for the former
are based on 1978.off-the-shelf items in small quantities.

It is evident fram these. estimated costs of present tech-
nology and the discussions in Section 1.1 that such an earth
station can not presently be economically viable. The key

. question is therefore: how can these costs be reduced?

There are basically two approaches:

1) Improve the manufacturing process, i.e., utilize

mass production techniques.

2) Exploit the technology, i.e., large scale ‘integration
(LSI), MIC technology, etc. '

In the first approach, production costs will increase as a
result of additional cép_ital investments and in the second
approach, high development costs will be incurred. To be
more cost-effective than the present techniques, a large

(> 5000) potential market is therefore mandatory for both

approaches.

Given the presence of a large market, it is nevertheless
clear that the former will result in only a limited overall
cost reduction sincé the recurring costs of subsystem assemb-
ly and testing have not been affected. However, by manufact-
uring integrated subsystems and by utilizing state-of-the-art
technology, it is believed that a fairly substantial cost re-
duction can be achieved, the magnitude of which can only be a
source of speculation at present.
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ESTIMATED UNIT COST

SUBSYSTEM Quantity 10 Quantity 100
1. 2-m Antemna $ 4.3K -~ 6.5K $ 3.7K - 5.5K
2. 1 Watt Solid-State HPA 2,6K - 3.9K 2.2k - 3.3K
3. 340°K GaAs FET ILNA 3 K- 4.6K 2.6K - 3.9K
4, Interfacility Links 1.7K = 2.6K 1.5k - 2.2K
5. RF Channel Filter 0.9K - 1.3K 0.8K - 1.1K
6. Tx Rejection Filter 0.9K - 1.3K 0.8K - 1l.1K
7. Up-Converter (non-agile;
single stage conversion) 8.5K - 13 K 7.2k - 11 K
8. Down-Converter (non-agile;
single stage conversion) 8.5K - 13 K 7.2K - 11 K
9. Cammon Equipment:
. Tx IF Amp. 1.7k - 2.6K 1.5K - 2.2K
. AFC + Reference Recovery 3 K- 4.6K 2.6K -~ 3.9K
-. TFU 2.6K - 3.9K 2.2K - 3.3K
. DAMA Controller 4.3K - 6.5K 4,3K - 6.5K
. Metering & Alarm 1.7k - 2.6K 1.5k - 2.2K
. Power Supply 1.3k- 2 K 1.1k - 1.7K
10. Channel Unit 4,3K - 6.5K 3.7K = 5.5K
SUB-TOTAL $ 49.3K - 74.9K $ 42.9K - 64.4K
Engineering & Procurement 6 K- 10 K 4.2k - 6.3K
Assembly, Installation & Tests 6 K-10 K 6 K-10 K
Documentation - 0.3K - 0.5K - 0.3K - 0.5K
Shipping (Average) 0.8K - 1.3K 0.8K - 1.3K
TOTAL $ 62.4K - 96.7K $ 54.2K - 82.5K
TARLE 4.10 - TYPE A EARTH STATION ESTIMATED SUBSYSTEM COSTS

< G O N oy 9 S S D B8
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An example of the latter approach is the development of the
MJSAT channel unit (Miller Communications) which essentially
incorporates the functions of subsystems 9 and 10 (thé Indoor
Unit) in Table 4.10. The development cost of the MJSAT chan-
nel unit will be in the region of $200K. -

Since RF subsystems (Item 1-8, Table 4.10) cost constitutes:
nearly 49% of overall station cost, it is also clearly de-
sirable that an integrated approach, through the use of MIC
(microwave integrai;ed circuit) technology, be adopted in the
manufacture of the Outdoor Unit.

Large scale integration of various subsysfems not only re-
duces the unit cost per subsystem but also the high recurring
costs for assembly and testing and is hence the key to pro-
ducing a cost-effective earth station design. This is evi-
dent in the -integratec-i approach stressed in the production of
low-cost TVRO earth stations for broadcast satellite appli-
cations. . |

Type B Multi-User

In view of its role in providing telecammmnication services
to several rather than just one household, the Type B
station will probably be required to meet a higher service
availability objective than the Type A station. This can be
achieved by judiciously providing equipment redundancy and
adopting appropriate maintenance policies. In cases where
standby redundancy of a subsystem or subsystems is provided,
it will be necessary to respond to failure of an in-service

- unit even though automatic switchover to the standby unit

avoids a service outage.. This imposes the requirement for

rapid detection of non-outage producing failures, a potentially
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Aifficult problem and a disadvantage of standby redundant
configurations.

The diagnostic procedure could be greatly facilitated by us-
ing the DAMA controller to also perform diagnostic routines,
as mentioned in the previous 'sub-section, and any switching
operations occasioned by in-service unit failure in redundant

subsystems.

_ 'I‘hreeeqxngnent configurations are considered for the Type B
station:
1). Configuration IA: 2-meter antenna in tandem with non-
reduridant transmit and receive
paths (Figure 4-4).

2) Configuration IB: 2-meter antenna in tandem with re-
) dundant HPA's (10 Watt TWTA) and a
non-redundant receive path (Figure
4-5) .

3) Configuration II: 3-meter antenna in tandem with
parallel redundant transmit paths
and a non-redundant receive path
(Figure 4-6)*,

Using the subsystem MIBF's assumed in Table 4.11, the 2-of-4
and 4-of-4 circuit availabilities of the three configurations
as a function of MITR are illustrated graphically in Figure
4~7. As in Section 4.2.1, MTTR is assumed to be the same for
all subsystems.

*Use of a 3-meter antenna also upgrades the receive G/T of the Type B sta-
tion, which could be used to advantage in reducing carrier level, or al-
ternatively in improving link margin, from the hub, and possibly permit
Type A to Type B calling on an occasional (reduced margin) basis. It
also permits the reception of TV signals fram the satellite.
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CHANNEL UNIT Tx

1
T= 2
u/c F 3
* WR—
4
CHANNEL UNIT Rx
1
Rx 2
b/c F —3
" 4.

FIGURE 4-4 - CONFIGURATION IA: NON-REDUNDANT TRANSMIT AND RECEIVE PATHS

Ina

CHANNEL UNIT Tx

u/C

H
T

CHANNEL UNIT Rx

D/C

o
]

FIGURE 4-5 - CONFIGURATION IB: REDUNDANT HPA AND NON-REDUNDANT RECEIVE

PATH
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FIGURE 4-6 -

CONFIGURATION II: PARALLEL REDUNDANT TRANSMIT PATH, NON-
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SUBSYSTEM
Antenna

High Power Amplifier (HPA)
. Solid—S_tate
. TWTA

Low Noise Amplifier (LNA)

. Tx Reject Filter +

‘GaAs FET

Up-Converter (non-agile;
single stage conversion)
Down-Converter (non-agile; .
single stage conversion)
Transmit IF Equipment

. IF Camnbiner

. IF Amp.
Receive IF Equipment

. AFC + Reference Recovery

. IF Divider

Time/Frequency Unit (TFU)
DAMA Controller
Power Supply Unit

Miscellanecus:
. Co~ax Switch
. Waveguide Switch
. Bandpass Filter
. Waveguide Circulator
. Waveguide Filter

TABLE 4.11 - SUBSYSTEM RELIABILITY DATA

'MTBF AVATIABILITY
(HOURS) MITR = 4 HRS. MITR = 40 HRS.
500,000 0.999992 0.999920
66,700 0.999940 0.999401
8,000 0.999500 0.995025
0.999932 0.999321
500,000 0.999992 0.999920
66,700 0.999940 0.999401
-11,600 0.999655 0.996564
11,600 0.999655 0.996564
0.999871 0.998709
500,000 0.999992 0.999920
33,000 0.999879 0.998789
0.999718 0.997188
14,600 0.999726 0.997268
500,000 0.999992 0.999920
34,400 . 0.999884 0.998839
33,000 0.999879 0.998789
16,600 0.999759 0.997596
200,000 0.999980 0.999800
200,000 0.999980 0.999800
500,000 0.999992 0.999920
500,000 0.999992 0.999920
500,000 0.999992 0.999920
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Since channel unit availability is not daminating, 2-of-4
and 4-of-4 circuit availabilities are nearly identical for
configurations IA and IB. In Configuration II, failure of
one of the transmitters reduces station capacity fram 4 to 2
circuits, implying a much better 2-of-4 than 4-of-4 availa-
bility. This is evident in Figure 4-7. Note that parallel
redundancy at an unmanned station may offer maintenance ad-
vanges over standby redundancy because any failure produces
at least a partial (easily detected) service outage.

Estimated earth station costs (quantity 10) for the three
configurations are summarized in Table 4.12. Fram Figure
4-7 and Table 4.12, it is evident that, on the basis of a

' 2-0f-4 circuit availability and an attainable MITR of 18
- hours, each of the three earth station configurations con-
' sidered represents the minimum cost solution for a given cir-

cuit availability as illustrated in Figure 4-8. For quantity
100 earth stations, a 15% reduction can be applied to the de-
rived costs.

Since it is believed unlikely that a 2-of-4 circuit availa-
bility of less than about 99.5% will be acceptable to the
telephone campanies, the most cost-effective earth station
configuration will be that of configuration II or variations
thereof, e.g., redundant down-converter, etc.

The recammended Type B rural earth station configuration is
illustrated in Figure 4-9 and its essential features sum _
marized in Table 4.13. As discussed earlier, this configura-
tion consists of a 3-meter antenna in tandem with parallel
redundant transmit paths and a non-redundant receive path.
Except for the 3-meter antenna, all cammnications egquipment
(GCE) are stored indoors, typically within the local No. 5
end office, for security reasons. Interfacility links (IFL)




10.
11.
12.
13.
14.

15.

Antenna

SUBSYSTEM

HPA

INA

IFL (incl. Dehydrator)

Up—Convefter (non-agile,
single stage conversion)-

excluding P.L.O. -

Down—-Converter (non-agile,
single stage conversion)-

excluding P.L.O.

Phase-Locked Oscillator

(Quantity 2)

Cammon Eqm_pnent
IF Cambiner
IF Splitter

AFC + Ref. Recovery

TFU

DAMA Controller
Metering & Alarm

. PSU

Channel Unit

Co~ax Switch

RF Bandpass Filter

Waveguide Switch

Waveguide Circulator

Waveguide BPF

Miscellaneous Hardware (VF
jackfield, rack mount, etc.)

SUB-TOTAL
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ESTIMATED COST (QUANTITY 10)
CONFIGURATION CONF IGURATION CONFIGURATION
Ia IB IT

$ 4.3k - 6.5k $ 4.3k - 6.5 $ 5.1K- 7.8K

5.1K - 7.8K  10.2K - 15.6K 5.1K - 7.8K

3 K- 4.6k 3 K- 4.6K 3 K- 4.6K

3 K- 4.6K 3 K- 4.6K 3 K- 4.6K

6.4K - 9.8K 6.4K - 9.8K  12.8K - 19.6K

6.4K - 9.8K 6.4K - 9.8K  12.8K - 19.6K

4.2k - 6.6K 4.2K - 6.6K 4.2K - 6.6K

1.7k - . 2.6K 1.7k - 2.6K 3.4K - 5.2K

0.4K - 0.7K 0.4K - 0.7K 0.4k - 0.7K

0.4K - 0.7K 0.4K - 0.7K 0.4K - 0.7K

3 K- 4.6K 3 K- 4.6K 3 K- 4.6K

2.6K - 3.9K 2.6K - 3.9K 2.6K - 3.9K

4.3K - 6.5K 4.3K - 6.5K 4.3k - 6.5K

1.7K -  2.6K 1.7k - 2.6K 1.7K - 2.6K

1.3k - 2 K 1.3k - 2 K 1.3k - 2 K

17.2K - 26 K 17.2K- 26 K 17.2K- 26 K

0.4k - 0.7K
0.9K = 1.3K 0.9K - 1.3K 0.9K - 1.3K
1.3k - 2 K K

0.9K - 1.3K

1.8K -  2.6K

1.7K - 2.€K 1.7k - 2.6K 1.7K - 2.6K
$67.6K — 103.2K  $74.4K - 113.7K  $85.6K - 130.6K

TABLE 4.12 - TYPE B RURAL EARTH STATION ESTIMATED SUBSYSTEM COSTS (QTY. 10)

CONT'D



SUBSYSTEM
Sub~-Total Brought Forward

Engineering & Procurement
Assembly, Installation & Tests
Documentation |
Shipping (Average)

TOTAL
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ESTIMATED COST (QUANTITY 10)

CONF'IGURATION CONFIGURATION
IA IB

$67.6K - 103.2K $74.4K - 113.7K

12.5K

7.5K - 12.5K 7.5K
7.5K - 12.5K 7.5K - 12.5K
0.3k = 0.5k ° 0.3K- 0.5K

0.8K - 1.3k  0.8K - 1.3K

CONF'IGURATION
II

$ 85.6K - 130.6K

7.5K 12.5K

7.5K 12.5K

0.3K - 0.5K

0.8K

1.3K

$83.7K - 130.0K  $90.5K - 140.5K

$101.7K - 157.4K

TABLE 4.12 - TYPE B RURAL FARTH STATION ESTIMATED SUBSYSTEM COSTS (QTY. 10)
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|
l CONFIGURA-
120 7 ‘ o (99.47%)e _TION IT
$119.7K
| . +30%
-15%
115 - [
1 A | o
110 4 » | L
EARTH STATION | o L
COST o CONFIGURATION IB.
(# r———— "7 (99.248)°  g106.5x +30%
105 l -15%
I
I
| )
100 _ | - o
. ! . CONFIGURATION IA .
(99-03¢) $98.5K +30%
. ~15%
95 - T L T g T T 1
99.00 99.10 99.20 99.30 © 99.40 99.50
2-OF-4 CIRCUIT AVAITABILITY (%) REQUIRFMENT
(MITR = 18 HOURS)
FIGURE 4-8 - MINIMUM EARTH STATION COST VERSUS 2-OF-4 CIRCUIT

AVATIABILITY (MITR = 18 HOURS)




. . 200 MHz
t N . : ’ :EE‘

o | — L
O | g - | UNIT #1 .
| BpF1 _.@_ o - < ::}__:VAR. B =1
. : ~, . i :
S N RTTEY )L c.u. | - || bemn/
R ' : RF : ' .

v + - 42 ; ASSIGNMENT
_ f , ‘ CONTROL

FILTER T | c.u.| : -

: r 'IF"'} IF #3 {GU iéuza © CuUsmar,

" IF 1 VAR. [ T #2 . ; #2 ;

BPF2

FREQUENCY | SYNTH, RFFl. . ~—{ CONTROLLER FIELD
UNIT | | FREQUENCY | — |
(1FU) | )

LE-V

Lo ' :
RECOVERED ¢+ 4 <s
REFERENCE #3
FREQUENCY |

AFC
o+ . ;
REFFE:ERENCEWEF:_, SPLIR CHANNEL [K——

- ‘ UNIT #4 »

POWER METERING & ]

- q SUPPLY UNIT AIARM UNIT [S— DAMA @ |

__ FMDE i ajp i T g — SRR o

> | EstoaToR (T P T T T e A e B
et o - - | i ; . ! - , . . . .

FIGURE 4-9 - TYPE B MULTI-USER RURAL EARTH STATION CONFIGURATION & . . S Lo
' ' : R ! o o o




4~-38

Antenna Size 3-meters

Station G/T ~ 22.8 dB/°K

Low Noise Amplifier (LNA) ~ 340°K GaAs FET

High Power Amplifier (HPA) 2x1 .Watt Solid-State

Transmission Capability Four (4) SCPC Carriers
(FM or 32 kbps A-mod)

Frequency Agility Non-Agile

Access Technique Demand-Assigrment Multiple Access
(DAMA) *

Equipment Configuration Parallel Redundant Transmit, Non-
Redundant Receive

TABIE 4.13 - TYPE B RURAL EARTH STATION CHARACTERS

" :
See discussions on frequency restrictions of this earth station configura-

tion (Section 2.3.1).
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connect the outdoor antenna to the GCE. The IFL consists of
low-loss elliptical waveguides which are dehydrated to mini-
mize RF losses. Note that with the exceptions of the paral-
lel redundant transmit paths and channel capacity, this sta-
tion is very similar operationally to the Type A earth sta-

tion described in Section 4.2.1 and hence a further detailed
description will not be undertaken.

An important restriction of this configuration with regards
to frequency selection and choice of center frequencies for
bandpass filters BPFl and BPF2 has previously been discussed
in Section 2.3.1. Both the up-converter and down-converter
correspond identically to those of the Type A station; i.e.,
they are non-frequency-agile and utilize a single stage of

up- or down-conversion.

The DAMA controller interfaces with all four channel units

~ and hence is able to utilize any of the four as the DACC

channel unit depending on traffic activity. In addition, it
selects the required transmit/receive frequency pair for each
channel unit in a certain sequence as described in Section
2.3.1.

The output of the voice-frequency (VF) jackfield consists of
four duplex (4-wire) voice circuits which are routed direct-
ly to the local switch in the collocated No. 5 end office.

~Gateway Station

In view of the critical importance of the gateway station to
the operation of a 2-carrier-level, hubbed SCPC system, it
must necessarily incorporate expensive features to ensure
its operational integrity. Such a station might be required
to perform the dual role of operations center for the SCPC
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network as well as being the distribution center for the
national television networks.

For the link calculations in Section 4.1, a station G/T of
26.5 dB/°K, obtained with a 4.57-meter antenna and a 340°K
GaAs FET LMNA, has been arbitrarily assumed. It is known [28]
that Telesat Canada intends to procure 4.57-meter earth sta-
tions for network TV distribution at 12/14 GHz but its in-
tended technical specifications are as yet unknown.

Same of the functions which each gateway station (one per
beam) is expected to perform are:

1) Provide access to and from the terrestrial switched
network.

2) Switch double hopped rural-to-rural calls within the
beam.

3) Provide centralized DAMA control of its SCPC network
within the beam.

4) Provide up-link power control of the gateway—td—xural
earth station carriers (see Section 2.3.4).

5) Transmission of the AFC system pilot and the distri-
bution of an ultra-stable reference frequency by the
two pilot schemes described in Section 2.5. Double
or triple equipment redundancy will be required to en—
sure very high reliability in view of the critical
importance of these pilots to the entire system cpera-
tion.

6) Possibly incorporate the functions of the central

maintenance center.
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Possibly the reception and the re-distribution of
national network TV transmissions within its spot
beam.

Other possible features of the gateway station are:

1)

2)

3)

4)

5)

Fully redundant equipment configuration.
Fully manned operation.

Auto-tracking facilities to minimize link fades due
to satellite drift.

Dual polarization transmission capability (for Anik
C operation).

Standby power facilities, e.g., diesels together with
a UPS (uninterrupted power supply) system.
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CONCLUSIONS

The following summarizes briefly results cbtained in the study:

(1)

(ii)

(1ii)

(iv)

A hubbed system which restricts or entirely precludes
direct single hop rural to rural calling is more
economic and acceptable from an up-link interference
standpoint than a fully comnected system. With 2-
meter antennas and a 3.5° satellite spacing, inter-
ference into 90 Mbps and two carrier TV traffic
(anticipated on Anik C) causes less than 0.1 dB

of equivalent C/N degradation. Antenna diameters
less than 2 meters are not recammended either on the
basis of adjacent satellite interference or cost-
effective system design.

Down-link adjacent satellite interference into the
rural earth station will not be a consideration
providing large, potentially narrow band (e.g. TV)
cochannel carriers are avoided. . The vulnerability
of the system to such interference is a result of the
narrow band, low power nature of SCPC transmission
rather than the small earth station diameter.

Up—-link power control (on carriers transmitted from
the hub only) and woice activation are recommended
as a means of enhancing space segment utilization
with little penalty in earth segment cost. The
Anik C bandwidth limited transponder capacity (2400
channels) is approached using either companded FM or
32 kbps delta/4 phase €PSK modulation and 2 meter
antennas.

Demand assignment is essential if the satellite
system is to serve subscribers directly. Under such



(v)

(vi)

(vii)
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circumstances, cost of service is totally dominated

by earth segment cost. This differs from most existing
satellite systems in which the transponder lease charge
is dominant.

A 4 channel, 3 meter multi-user earth station providing
a circuit availability of 99.5% and capable of being
fitted to receive two channels per transponder TV can
be constructed and installed in quantity ten at a
unit cost (not including development, site prep-
aration, provision of prime power or sales taxes) of
about $100,000. Assuming a five year amortization
period, this implies a cost per telephone per year

of $5,000. |

The cost of a single user 2 meter earth station is
estimated to be at least $60,000 in quantity 10 to
100. This implies a cost per telephone per year of
$15,000, or three times that for multi-user service.
Furthermore, the station's ability to receive TV on
a 2 channel per transponder basis would be limited.

A commumity terminal providing 4 to 8 telephone
channels (at a per channel annual cost of $3000 -
$3,000), with an option to also provide one channel
of TV (at an incremental annual cost of say $1,000),
appears an attractive means of extending telephony and
TV service to rural areas. Scattered households

can gain access to such a community earth station

(and each other) by subscriber radio or other means.
The alternative of providing each telephone subscriber

- with his own earth station is not econamically

viable at present although it might be applied in
special cases of public or individual need.



(viii)

(ix)

The cost of service for the hubbed SCPC system proposed
in this study is expected to be less than half that of
existing 4/6 GHz SCPC systems, neglecting development
and applying identical return on investment

criteria. Earth segment and space segment cost red-
uctions have resulted from three factors:

i use of an advanced 12/14 GHz, spot beam satellite;

.11 optimization of the system design including

application of novel frequency control, power
control and output cambining techniques;
iii application of new earth station technology
 such as solid state HPA and advanced channel
unit designs.

Little further cost saving is believed achievable
in the system design and exploitation of near term

. technology at the subsystem level.

For very large quantlty (> 5000) procurement, addltlonal

cost reductions are achievable through the use of
large scale integration and autcmated production,
integration and testing. While it is more difficult
to responsibly estimate unit price assuming such
large quantities, a factor of two reduction in cost
can be assumed for planning purposes. In the case
of the 4 channel multi-user terminal ‘this results in
an earth station capital cost of $50,000, or an
annual cost per bele;_ﬁhone of $2,500.
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" APPENDIX A

ADJACENT SATELLITE INTERFERENCE ANALYSIS

Introduction

With the proliferation of geostationary communications satel-
lites and the limited geostationary orbit-spectrum available
(Figure A-1), there has been a growing concern about the
rapid depletion of this resource and the need for more effi-
cient utilization.'’?’3 This applies in particular to SCPC
systems using small aperture antennas."’®

The primary limiting factor in the efficient utilization of
the orbital arc is one of mutual interference between the
various satellite systems. Figure A-2 illustrates the inter-
ference paths (dotted lines) for the case of two adjacent
satellite systems. Two types of interference paths arise:

(1) Up-link interference through the side lobes of transmit-
ting antenna A into the receiver of ‘satellite Y and,
similarly, from antenna B into satellite X;

(2) Down-link interference from satellite X into the side
lobes of receiving antenna D and, similarly, from satel-
lite Y into antenna C.

lsawitz, P.H., "Spectrum-Orbit Utilization - An Overview", NTC '75, New
Orleans, Decenber 1975, pp. 43-1 to 43-7.

’Houssin, J.P., "The Planning of Satellite Systems for Efficient Use of
the Geostationary Satellite Orbit", IEE Int. Conference on Sate'llitel
Systems Technology, London, England, April 1975, pp. 8-1l.

*Hult, J;L. and Reinhart, E.E., "Satellite Spacing and Frequency Sharing
for Comunication and Broadcast Services", Proc. IEEE, Vol. 59, No. 2,
February 1971, pp. 118-128.

*Sites, M.J., "Frequency Sharing Between Small Terminal SCPC Systems and
Broadcast and Fixed Satellite Services", NIC '75, New Orleans, Decenber
1975, pp. 43-16 to 43-17.

>Janky, J.M., Sites, M.J. and Lusignan, B.B., "Technical and Interference
Aspects of Satellite Networks with Small-Aperture Earth Stations", ICC
'7€, Philadelphia, June 1976, pp. 21-1 to 21-6.
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Since the directivity of the ground antenna is the primary
means of discriminating between users of the same frequencies,
polarization, and area of coverage, it is clear that the -
radiation pattern of the earth station antenna is the single
most important factor in determining how closély satellites
can be spaced and, thus, how much frequency re-use is possi-
ble in a given orbital arc.

Antenna side lobe levels are not, in fact, easily predictable.
The CCIR has recommended that, for interference studies, a
standard side lobe envelope (CCIR Rec. 465-1)° be used. For
the fixed satellite service operating in the 2 to 10 GHz fre-

quency band and an antenna diameter-to-wavelength (D/)A) ratio

greater than 100, the recommended gain pattern is given by:

G(6) = 32-251og6 dB

where 6 = off-axis angle in degrees and is greater than 1°.

While the problem of efficient orbit utilization and mutual
interference between satellites is of current concern mainly
to the users of the 4/6 GHz satellite frequency band, it is
inevitable that these concerns will also arise with the high-
er frequency bands (notably the 12/14 &z band). This fact
is highlighted by the imminence of such 12/14 GHz satellites
as the Anik B (late 1978), the SBS satellite (mid-1980) and
the Anik C series of satellites (commencing in 1980-81).

In this Appendix, a rudimentary analysis of the effects of
both up-link satellite interference fram and down-link inter-
ference into a rural SCPC network is presented. Assumptions
which are pertinent to the ensuing discussions are:

(1) The interfering and the interfered with satellites are
Anik C types.

SCCIR Green Book Vol. IV, XIII'th Plenary Assembly, Geneva, 1974, pp. 155-

156.

Q



(2) Satellite spacing is 3.5°.

(3) Direct rural to rural calling is permitted (i.e., homo-
geneous or equal carrier system assumed) .*

(4) SCPC carriers are distributed randomly across the full
satellite transponder (BW = 54 MHz) operating at a
multi—carrie; input backoff of 11 dB.

(5) A co-channel, adjacent satellite 90 Mbps message car-
rier occupies the entire transponder bandwidth of 54 MHz
and operates at a satellite input backoff of 2 dB (Tele-
sat specification).

(6) A half-transponder TV carrier occupies a noise bandwidth
of 27 MHz and a Carson Rule Bandwidth of approximately
24.6 MHz at a per carrier input backoff of 7 dB.
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