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fiction:

the past 18 months, Hybrid Fiber/Coax (HFC) technology has gained wide spread

. ;Eceptancc as the preferred platform for telco implementation of video services in theplocal
loop, as it provides the most cost effective way to deliver today’s existing analog services

while providing compatibility with tomorrow’s switched digital services. The case for

HFC is bolstered by its ubiquitous use by the CATV industry for distribution of
programming in the “last mile™.

[n this paper, Hybrigl Fiber/Coax _(HFC) is defined as an RF transport system which uses a
combination of optical and coaxial technologies for interconnecting a headend or hub to
residential subscribers. The modems required to provide ATM interconnection of switched
video service, local area network extension, or telephony service lie beyond this definition
of HFC. Current HFC architecture serving area sizes are typically between 250 to 500
homes, as these provide the optimum cost/performance trade-off. As these node sizes

decrease, the effective bandwidth and service capability of the HFC approach increases
accordingly.

i HEC is cost-effective because the service areas sizes allow significant sharing of the

electro-optic components. As the cost of the electro-optics drops, even smaller node sizes
and greater effective bandwidths will be supported. Since HFC is compatible with the
embedded base of approximately 280 million analog CPE and, soon to be released, digital
RF CPE, migration towards smaller node sizes, such as Fiber to the Home (FTTH), favors
the HFC approach over alternative technologies. This paper concentrates on the migration
of today’s HFC technology to an RF based, Fiber to the Home implementation.

Methodology:

Fiber to the Home will be implemented when it results in either a reduction of local loop life
€ycle costs or it allows unique services to be offered that will generate increased revenue.
i.ﬁ"‘o‘jﬁt based on current CATV architectures and representing the typical HFC system,
Pr] be provided to serve as a reference for network life cycle costs and service capgblhne:s.
al:ifg{:td roll-out dates and expected network capacity requirements for future services will
\ oge provided. Technical challenges regarding key elements of HFC wx_ll be cxal_*mned.
:inaﬁ'i nous factors, such as competition and performance improvements, will be reviewed.
Y, projected roll-out dates will be provided.
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Figure 1, Typical Active Fiber/Coax network architecture

The typical serving area for HFC is dependent on home density and varies from

homes per BHDT (Broadband Host Distribution Terminal) serving area.
provides conversion between RF and optical transmit/receive signals. The
bandwidth is generally 54 to 750 MHz with a return band of 5 to 42 MHz. The
cascade between the BONU (Broadband Optical Network Unit) and the last

typically restricted to three or few is limi . :
of the network and fac; er. This limited cascade improves the percel
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HFC architectures are being designed for 4

migration, ' : :

Gu!%mt E':r’c?:m[‘f(?rz‘ FJH%I:;L.E’ replaces amplifiers with BONUS which have equil _

available an‘[i in }r(}T:'*fell €s to Cxisting systems, the irllplicalion is that spare fiber
Proximity to the amplifiers, Since spare fibers are installed i

migration to a passive coaxial architecti

COsIS associated with yupge - : -
edditions of BHDT and BON{) s h-51Y¢ HFC architecture are primanily hel
construction cost » S and their installation, while the in
for signal ar,g e L In this SCenario, the coax cable which was previous

o dedd > used to power the BONU:s. :



i, S RO N o

157 BONU

Fiber Cable

Headenc

Remote Node

Figure 2, Migration to Passive Fiber/Coax network architecture

industry has traditionally expanded their network capabilities on a cost-parity

s Cimh]:ﬂ e:?i-gting architccturazi' apgma{:h. In other words, new architectures, which

hmﬁde either enhanced bandwidth or smaller node sizes, are deployed when they are at

mv!]ﬂ equivalent per passing costs of existing architacnm[:s. Tab_lc 1 shnw:.; ‘thc rclat_wcly

mugco_:l of HFC bandwidth and its rapid decline as a function of time. Additionally, if the

Iowd to smaller node sizes extends linearly over time, then a FTTH architecture would be
g;c;}mnﬁcaily feasible in the 2007 to 2010 time period.

homes per
Mownstream 10,000 homes[2,000 homes|500 homes per| 500
Eﬂ:imode passed per node | passed per node | node node
Downstream 5410550 MHz [54t0750 MHz |54 to 750 MHz | 54 to 860 MHz
BW
Downstream 50 kHz/Psg 350 kHz/Psg 1.39 MHz/Psg | 1.61 MHz/Psg
BW/Passing
Upstream 10,000 homes|2,000 homes| 500 homes per| 100 homes per
Homes/Node | passed per node | passed per node | node node
Upstream BW |5 to 30 MHz 5 to 30 MHz 5 to 42 MHz 5to 42 MHz
Upstream 2.5 kHz/Psg 12.5 kHz/Psg | 74 kHz/Psg 370 kHz/Psg
BW/Psg
asUkHdPsg $4.80 $.70 $.17 $.13
B 1991 1994 1995 est.

Table 1, Cost/kHz/Psg over Time
g;ﬂbandwmm in the above table is normalized to a kHz per passing. The costs assume
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Services:

The services that potentially have to be transported over an HFC network
today’s broadcast analog video to tomorrow’s interactive digital video
Because HFC is an RF based transport system, multiple modulation formats,
video, FM audio, and digital signals, coexist in the same medium. The
bandwidth of the HFC approach allows compatibility with today’s existing
Premise Equipment, such as televisions, video cassette recorders and ste
compatibility with CPE is significant, as over 30 million of these devices are
in the U.S. market.* Because of the lack of embedded conditional acces:
existing CPE, broadcast services are the only type of services currently

existing CPE.
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Set-tops

Broadcast
Services

Interacaove

Video on Demand

Services PPV Education
Games _ :
g Shopping/Transactional
RF Modems Broadcast Digital Audio
Services Data delivery

Interactive Education
Games
Shopping/Transactional
Telecommuting
Telephony Modem | Interactive Telephony

Table 2, Services expected to be transported via an HEC system

Having determined the basic set of services, the next step is to attempt to understand the

Passing bandwidth r
SFHQCES listed above
;’é::;ﬂcant deploym

equirements of these new services. Assuming that a subset of t
are introduced in the next few years, when will these services have

estimated year 2000 upstream and
utlined in Table 2.

ment? Table 3 summarizes the
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The bandwidth requirement for the RF modems Eﬁil:mﬁ t;]autstgr?;r g;:n,_

that of high speed telephony modems. In fact, oan or's Stanchl
extension of today’s’ high speed telephony modems. Assuming that the RE ¢
modems have a similar growth rate , then, mth;n four years aptll:;:'-oxlm_ m‘-'--. 1
sales would be due to the high speed modems.’ At the most, bls would
of 50 users per 500 passings. This could easily be handled by an RF e

utilizing one 6 MHz upstream and one 6 MHz downstreamn channel .8
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Regarding the set-top requirements, current set-top designs tyl_:ucall_ us
frequency for transmitting signaling information for PPV and interactive sel
time transactional services, such as Video on Demand, set-tops are being d
require less than one MHz of upstream bandwidth (less than one MHz for °
Assuming the above telephony and RF modem Spectrum requirements,

bandwidth could be used to deliver various bandwidth portfolios. For
bandwidth could be configured as follows:

. 77 AM channels plus FM audio occupying 482 MHz
. 20 ea, 3.3 MB/s, MPEG NVOD movies @ 15 minute intervals

" Videoon Demand with 14.4 9 channel availability @ 100% penetration.
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Figure 3, HFC Migration to FTTH
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Exogenous Facfors:
Their are several exogenous factors, which are likely to slow the migration t
home implementation. These factors include:

pstream Signals:

ath are providing adeqm

Competition: : 4 5
With the possibilities of overbuild highly likely, certain markets may
broadband bandwidth on a per passing basis. For example, in a city with t
suppliers, each supplying equivalent broadband systems, the effective ba
passing would be twice as much as shown in table 2. Competition from wis
(MMDS and DBS) also will provide additional choices for consumers and

bandwidth oversupply. This oversupply of bandwidth could double the leng

will take for FTTH to become cost-effective.

Perfurn;aqce Improvements:
The continuing improvement in modem and compression technology will co

more information to be transported over a given bandwidth. This 0
mrgl" be somewhat offset by the incrcasinggbandwidth demands prgf
igmgﬁn and ffuture bandwidth Intensive interactive services. Incre
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Technologies:
Almtf:cmr' which could the need
An[amw technologies. Two such alternate technologie are
dbcr wransport (e.g. SONET transport). . From a users
f smission potentially offers increased utility as it may providk D
tran t, while eliminating the need to place electronic appliances 0@
wmmmﬂwﬂ ettwork perspective, the elimination of the drop wire or fiber elir D to :
Flr the total network cost.!3 Another technology which could delay or obviate the need for
¢ HFC FTTH solution is baseband digital transport as this may offer earlier solutions to :
i technical challenges of FTTH. v

The HFC architecture will migrate to an FTTH approach when it reaches cost parity with

other network interconnect methods. As has been shown, a number of factors will
influence the commercial introduction of this architecture. These influences are illustrated

in figure 4.
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Exog factors delaying FTTH, such as

Trend based on current
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tgg Figure 4, FTTH Implementation Roll out Projection
[
toa The _abzove projection for commercial viability of this technology corresponds to others’
el predictions. 4 [n summary, initial commercial realization of an HFC FTTH implementation
s most likely to occur sometime between 2007 and 2018.
- Conclusion;
A 2
E":; model, based on current CATV architectures and representing the typical HFC system,
ok ijm:dprolwded as a reference for network installed first costs and service capabilities.
For have beep roll-out dates and expected network capacity requirements for future services
585 been  &'ven. The technical challenges in migrating HFC to an FTTH architecture have
n .
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