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ABSTkACT 

Off-premises subscr~ber equipment 
is either now available or under 
development by several manufacturers. 
This equipment includes outdoor 
addressable converters, taps, traps and 
jammers, applications for which are 
predicated on a grow~ng need to minim~ze 
the electron~c equipment ins~de the 
subscriber's home not only to 
increase signal secur~ty, but to reduce 
system ma~ntenance and pay channel 
churn. 

This 
analysis 
faceted 
proffers o 
estimat~ng 

in the use 
equipment 
allows a 
equipment 
applicable 
devices. 

paper presents a unified 
of a fragmented and multi

emerging technology. It 
simple and accurate method of 
total system costs required 
of off-premises subscriber 

and presents a model that 
direct relation between 

costs 
to all 

and system costs 
known off-premises 

There has been little or no means 
of prov~ding a cons~stent comparison 
between the various manufacturers' 
products on a cost-per-subscriber basis. 
Presently, manufacturers can prov~de 

equipment pricing e~ther for fully 
loaded (100 percent penetration), or 
partially loaded configurations, i.e., 
prices for a "common" housing, chassis, 
etc., and plug-in subscriber modules. 
However, these equ~pment costs cannot be 
related to the system cost without an 
actual model. 

The model presenced here is based 
on actual port usage, employing 
statistics from Jerrold's installed 
base, ~n order to arr~ve at a 
probability density function. It is 
applicable to any off-premises subscr~

ber device and provides for an 
estimation of system costs and a 
compa;J:"ison of competitive technology. 
The model has undergone extens~ve 

test~ng by application to actual systems 
presently under design. 

SOl'IE BROAD GE~mRALl'f J.ES 

lt ~s popular these days to 
consider tecnn~cal approaches that would 
remove the set-top converter from the 
subscriber's home. 

'l'he two main reasons given for 
wanting to do th~s are to mJ.nimize the 
operator's ~nvestment w~thin the home 
and to maximize s~gnal secur~ty. Both 
of these perceived needs are of 
particular interest for appl~cation to 
the b~g c~ties; in partJ.cular, where 
lower economic scaled people are 
concentrated, thereby conjur~ng up 
v~sions of high churn, diff~culty ~n 

maintenance, equ~pment theft and 
inab~l~ty to audit installations. 

The ideal is to provide all elec
tron~cs off-premise w~thin an 
"off-premise device" (OPU) ~n locat~ons 
having unrestr~cted access by operators, 
with the only operator investment at the 
home being drop cable, ground block and 
an F-connector. Tn~s ideal can be 
rap~dly compromised by consideration of 
the need for subscriber power~ng, 
channel selection and conversion for 
non-cable ready TVs. ~1en features such 
as parental control, ~mpulse-pay-per 

view, remote control and remote volume 
control are included, then the 
investment within the home can no longer 
be considered min~mized, although J.t 
should still be less than a conventional 
scrambled addressable set-top based 
system. The cost per subscr~ber of the 
in-house electronics (IHE), however is a 
known entity, unlike, as is shown later, 
that of the OPD. 

The signal securJ.ty ideo! can also 
be severely comprom~sed with off-premise 
devices, especially if unscrambled 
prem~um signals are available on feeder 
l~nes up to the OPD. 'l'his ~s because 
hJ.gh density housing provides plenty of 
opportun~ty for impossible-to-oudit 
pressure taps and, not attempting to 
coin a new term, CPTTV, or Commun~ty 

Pressure Tap Television where enterpris-
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ing pressure tappers can prov1ae for 
locally operated distribution of the 
clear s1gnals. 

OP[) TECHNIQUE:, 

There are currently three generic 
techn1ques associated with off-~remises 
dev1ces. All of wh1ch are head-end 
addressable. 

Off-Premise Converters 

Here, the RF signal conversion 
electronics is placed within the OP[) and 
the subscr1ber control unit w1th1n the 
IHE. One converter 1S needed for each 
TV or VCR. The drop cable is no longer 
broadband multichannel, but now only 
supports one channel per TV or VCR. 
Present technology prov1des for multi
plex1ng of two channels (plus FM band) 
per drop, w1th no real techn1cal reason 
for not increasing to three or more per 
drop. The drop lengths are dependent on 
powering, not bandwidth. 

Addressable Traps - F1ltering Method 

Th1s ~echnique provides for 
addressable channel reject1on f1lters 
(traps) :tor premium channels or t1ers. 
The drop cable is broadband and all but 
the rejected channels are avc.ilable to 
all subscriber TVs or VCRs. The 1HE 
conta1ns the subscriber control plus 
converter, the latter of wh1ch--r6 
normally pla1n but could also include a 
descrambler at higher IHE cost. The drop 
length can be limited by e1ther subscr1-
ber powering or bandwidth. 

Addressable Traps - Jamming Method 

This technique uses an addressable 
jammer to jam premium channels or tiers. 
The drop cable is broadband and all 
s1gnals are available to all subscr1ber 
TVs and VCRs. However, those that are 
jammed are useless. The lHE conta1ns 
the subscriber control plus converter, 
plain or w1th descrambler. 

OPD DESIGN 

The OPD must contain head end 
addressable hardware, power supplies, 
microprocessor memory, signal splitting, 
etc., regardless of which of the three 
technologies is chosen. This "common 
electronics" portion together with the 
known requirements for surge protection, 
RFI seal, weather seal, feeder line 
through loss, etc., essentially dictates 
that the OPD equipment cost on a per 
port basis is min1mized when the common 
electronics cost is distributed over the 
maximum number of subscriber ports. For 
this reason, equipment concepts of up to 
32 ports have emerged with 8 and 16 
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ports being typical. Another typ1cal 
feature is plug-1n modular1ty, organized 
on a per port bas1s with the philosophy 
being to plug in subscriber modules on 
an as-installed basis, and assumedly, to 
pluck them out on an as-disconnected 
basis. 

OPD SYSTEM COST NODEL 

In other words, 1n order to 
implement an OPO-oriented sysc.em in the 
most economical way, a non-conventional 
system des1gn configuration must be 
used. The design would be d1fferent for 
each of the three OP[) technologies 
mentioned previously, but is, in 
general, chc.racterized by more ports per 
housing, fewer housings and longer drop 
lengths than convent1onal tap (i.e., 
two, four or eight port) system 
approaches. 

S1nce fewer hous1ngs are needed and 
each OPD contains RF ga1n, the 
through-l1ne feeder insertion loss can 
be minimized so that fewer l1ne 
extenders are needed. However, more 
power supplies or more power capabllity 
may be needed, even though fewer line 
extenders are used, to power all or part 
of the OPD electronics itself. 

Of course, tne problem with any 
non-conventional system design is that 
1f for any reason th1ngs don't work out 
in the long run, the entire feeder 
system must then be rebuilt in order to 
revert to a set-top converter approach 
with conventional taps. Over the years, 
several manufacturers have standard1zed 
the various tap sizes and values so that 
multiple sources exist. Off-Premises 
[)evice technology, however, has not yet 
been standardized and the manufacturers 
currently involved have each come up 
w1th signif1cantly different approaches 
that require d1fferent system designs. 
Each offerer has their own des1gn rules, 
wh1ch apparently are chosen to m1nimize 
system cost for comparison purposes. 
However, in order to compare OPD techno
logies, at least a sample of each system 
has to be designed for all OPD 
approaches under consideration. 

THE CONVENTIONAL MODEL FOR OPD OESIGN 

For the reasons cited above, what 
is proposed in this paper is to apply 
all OPD approaches to a coqventional 
(tap plus set-top) system model, for 
comparison purposes. This is totally 
real world (assuming clearances) for the 
upgrade market application and 1s not 
improper for the new build and rebuild 
applications, for those operators who do 
not want to accept the risk of forced 
rebuild 1n the event something goes 
wrong. 



A reasonable approach would be to 
design the system using convent1onal 
two, four and eight-way taps. Then cost 
out the application of the OPD corres
pond1ng to those tap sizes. 

From Jerrold h1storical records, 
the tap distribution 1n the United 
States is 36% two-way, 43% four-way and 
21% eight-way. That's what 1s out there 
now based on one port per home passed. 

Before we can crank out the 
numbers, however, there remains one 
burning question involving the OPD tech
nology of off-premise converters~ how 
many ports per home passed? Or how many 
TVs and VCRs c.~re going to be in each 
home at any time during the next 20 
years? If you pick a numbt!r too low and 
design to it, then higher penetration 
could mean system redesign or at least 
spl1cing in of more hous1ngs. Pick a 
number too high und the system's initial 
cost becomes prohibitive. And no number 
is rigntr one block may have homes 
want1ng cable with three TVs and two 
VCRs each and the next block may not 
subscribe. There 1s no answer to this 
one, but some designers use three ports 
per home and hope for the best. 

Since the intention 1s to replace 
conventional taps with addressable OPDs, 
1t is important that the probabil1ty of 
port usage for each tap size be entered 
into the model. This would naturally 
depend upon penetration; for a perfectly 
des1gned system, all tap ports would be 
used at 100% penetration. At a typical 
55% penetration, we can expect that 
about half of the available tap ports 
are in use for each tap s1ze. Most 
two-way taps have one connect1on, most 
four-way have two and most eight-way 
have four or f1ve, per the probab1lity 
d1stribution breakdown shown in Table 1. 
The composite probabil1ty is the 
probab1lity of having some number of 
connections in use for a tap of any 
size, for example, 5% of the total 
taps out there are two-ways with two 
active connections and lH% are four-ways 
with two active connections, for a 
compos1te of 23% of taps with exactly 
two connect1ons. 

'fABLE l 

SYSTEM SUBSCRIBER TAP 
PROBABILITY DENSITY FUNCTION 

PROBABILI'l'Y OF CONNEC'l'ED SUBSCRIBERS 

2 4 8 
AVERAGE 

SUBS 
SUt3S 
PER 

HCJUSING WAY ~~AY WAY CmlPOSITE PER TAP 

.12 . 03 .15 

l .19 .08 .27 

2 .~5 .18 .~3 

.10 .10 

4 .104 .01 .HJ 

5 .094 .094 

6 . 04 . 04 

7 

8 • 006 . 006 

TOTALS .36 .43 .21 1.00 

NOTE~ 

AVERAGE SUBS PER ·rAP HOUSING 
LOCATION 

AVERAGE PORTS PER TAP HOUSING 
LCJCATION 

CALCULATED AVERAGE SUBSCRIBER 
PENETRATION 

. 27 

.46 

.30 

. 40 

.47 

• 2<1 

.07 

.05 

2.26 

4.1<! 

~.26 55% 
4.12 
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EQUIPMEHT COST 

\ve can now apply the composite 
subs-per-tap factor to pr~ce out the 
system, under the rule of having to 
place the OPDs at thu exact locat~ons 
where two, four or e~yht-way taps would 
be placed in a conventional system. To 
do this, we need to price the OPD equip
ment out depending upon the ports used. 
Consider three cases: 

Case 1: Equ~pment des~gned w~th min~mum 

use of COHiffion electronics w~th 
almost all electronics ded~
cated to each subscriber drop 
module. The hous.Lng and common 
electronics is priced at $80, 
w~th $120 per subscriber 
module, assumed to be plugged 
in on an as-required basis. 

Case 2: Equ~pment des~gned with maximum 
use of conunon elec-c.ronics and 
relat~vely l~ttle dedicated to 
the subscriber drop module. 
The housing and common 
electron~cs is priced at $250, 
w~th $2~ per subscriber module, 
assumed to be plugged in on an 
as-required basis. 

Case 3: Same equipment as Case 2 except 
that the subscriber modules for 
the two, four and e~ynt port 
OPDs are plugged in on init~al 

system turn-on. 

CASE 1 CASE 2 CASE 3 
TAPS PER PER PER USED 

TOTAL SUB TOTAL SUB TO'rAL SUB 

0 $ 8 $ 0 $ 8 $ 10 $ 8 $ 0 

1 200 200 275 275 300 300 

2 320 160 300 150 300 150 

3 4410 147 325 108 350 116 

4 5610 140 3~0 88 351J 88 

5 680 136 375 75 451:) 90 

6 81010 133 4010 67 450 75 

7 920 131 425 61 450 64 

8 1040 l:j0 4510 56 4510 56 

CASE 1 $80 Common plus $1210 plug-~n module 
per sub. 

CASE 2 $2510 Cormnon plus $25 plug-~n module 
per sub. 

TABLE 2 

EQUIPMENT PRICING EXAMPLES 
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The prices given represent hypo
thet~cal s~tuations and are not intended 
to represent any particular manufacturer 
or technology. s~nce there are no 
standards, ~t would not be surpr.Lsing if 
the manufacturer of the Case B equ~pment 
would advertise a $56 per subscr~ber 

unit "less than half the pr.Lce of his 
compet~tor", the Case 1 manufacturer. 
However, the systems are essentially 
equal ~n price. 

The fact that Case 1 and Case 2 
system cost is identical can be shown by 
apply~ng the density funct~on to the 
pricing examples to result in Table 3. 
ln this model, both cases are about $139 
per subscr~ber, in contrast to prices of 
~1310 and $56 that are based on the fully 
loaded eight-way OPD (which occurs in 
U.6% of the s~tuations for convent~onal 
eight-way taps). 

Case 3 further tells us that fully 
loading the OPD prior to subscriber 
connections only costs $9 per subscr~ber 
more than Case 2 equipment. The same 
exercise applied to Case 1 results in a 
$185 per subscriber price, however, 
about $45 higher for this mode of 
~nstallation. 

Both ~nstallation techniques and 
all three cases can be reduced to s~mple 
formulas, requiring as input only the 
cost data for the housing (common 
electronics) and subscr~ber module, as 
shown ~n Table 3. 



CASE l CASE 2 CASE 3 

COMPOSITE PRICE PR.J..Ci:: PRICE 
DISTRH:IU- AVERAGE PRICE PEt{ PRICE PER PRICE PEl:<. 

TAPS 'l'IUN SUBS PER SELL PER SUB SELL PER SUB SELL PER SUB 
Uti ED FACTOR TAP PRICE SUB XPDF PRICE SUB XPDF PRICE SUB XPDF 

0 k).l5 $ fj :;; 0 $ IJ $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 

l 0.27 0.27 200 ~00 54.00 275 275 74.25 31-:JU 31::Hv 81.0ll 

2 0.23 0.46 .i20 160 J6.80 300 150 34.50 300 150 J<i.50 

3 0.10 0.30 440 147 14.67 325 Hl8 10.83 350 .J..l6 ll. 67 

4 0.H:J 0.40 560 140 .J..4.00 350 88 8.75 350 b8 tl. 7 5 

5 0.094 0.47 680 lJ6 12.78 375 75 7.05 450 YIJ d.4G 

6 0.04 0.24 8100 1.33 5. J3 400 67 2.67 450 75 3.00 

7 0.01 0.07 920 lJl l. 31 425 Gl 0.61 450 64 0.64 

8 0.006 0.05 1040 130 .78 450 56 .34 450 56 .34 

TOTAL 1.00 2.26 :?139.67 $139.00 $148.36 
PRICE PRICE PRlCE 

FORNULA 0.47H + 0.85M PPS 0.47H + 0.8SH PPS 0.47H + l. 23H PP::. 
H 80 H 250 H 250 
M 120 M 25 M 25 

TABLE 3 

MODELED COST PER SUBSCRIBER 

CONCLUSION 

Operators contemplating off-premise 
subscriber equipment should be very 
careful when dec1ding system configura
t1on and should consider using conven
tional system architecture to avoid the 
possib1lity of getting stucK with a 
special system for which rebuild 1s the 
only option. Accordingly, systems using 
off-premise equipment should be priced 
out using conventional system (tap and 
set-top converter) design rules. The 
examples g1ven show that only d 

consistently and properly weighted 
per-subscriber equ1pment cost should be 
considered, which is generally s1gnifi
cantly different than that of the 
improbable fully-loaded equ1pment. 
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