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SUMMARY

The objective of this study is primarily to examine the feasibility of developing
fiber optic access systems to provide existing and new telecommunications
services. The study is limited to the analysis of the urban access network since
it is anticipated, that the introduction of new services in urban centres will be
much more rapid than in the non-urban/rural areas. Also, the economies of scale
for the introduction of new technology can be realized in the urban areas due to
the larger population growth. Urban areas are defined as towns and cities with a
population of 20,000 or more. This covers almost 70% of the Canadian population.

The study provides a forecast for the period 1983 to 1992 in three segments:

i) Short term 1983 - 1985
ii) Meduium term 1986 - 1989
iii) Long term 1990 - 1992

For the purpose of forecasting service demand and determining access system
requirements three groups of subscribers are considered:

i) Residential
ii) Small Business
iii) Large Business

Historically, narrow-band (voice and data) and wide-band (cable-TV) services
evolved on separate carriage networks and were provided by usually different
business entities. With the emergence of fiber optics, it becomes now technically
possible to provide all services in an integrated way on a single carriage
network. Therefore, for comparison purposes two access system evolution scenarios
are considered:

i) Separate carriage systems for:
a) Voice, data and other than cable-TV and pay-TV wide-band services
b) Cable-TV and pay-TV services

Included in the data services could be ordering and usage measurement
data for pay-TV services

i1) One integrated service carriage system for: voice, data and wide-band
services including cable-TV and pay-TV.

The study shows, that the service requirements for residential and small business
subscribers for voice and data services can be met by similar access systems at the
same cost, and can therefore, be considered to be a single case from a network
provisioning point of view. Large business subscribers service demands however
require a different approach both in technology as well as in time and are
therefore considered separately.



An extensive analysis of existing and new services evolution (Appendix F) for all
three subscriber categories reveals, that in the near term telemetry and data
services will gradually emerge for residential and small business subscribers and
that this demand will accelerate in the medium and long term. Cable-TV and pay-TV
will still be the predominant video services in the near and medium term. Services
such as_on- demand v1deo and High Definition Tele e

For Tlarge businesses there is a short term need for integrated voice and data
systems. Access system to be developed in the short term will have the flexibility
to also meet the diverse service requirements in the medium and long term.

Residential and Small Business Subscribers

From the service requirements, the cost of various technologies including twisted
copper pairs, coaxial cable, fibre optics, digital switching and transmission,
following access system evolution is expected:

i) Short term

Telemetry and data service can be cost effectively provided through "applique"
systems over the existing copper pair plant. Cable-TV and pay-TV services will be
provided over a separate coaxial cable network.

ii) Medium term

With the anticipated accelerated pace of digital switching modernization of the
telecommunication network, a centrally switched star network topology with remote
multiplexers will evolve to provide voice and data services. Remote multiplexers
will be connected to the switching office via fibre optic feeders. Subscribers
will still be connected to the remote multiplexers by copper pair plant. Cable-TV
and pay-tV will continue to be provided via a coaxial cable network.

iii) Long term

With the demand for other than cable-TV and pay-TV video services, integration of
voice, data and video will start to become attractive particularly with a longer
term future view. However, for the time frame considered it will still be less
costly from a capital expenditure point of view to provide video services over
coaxial cable facilities. For any two way video services two separate coaxial
cable facilities, one for upstream the other for downstream signals, at a total
cost of $240 per subscriber may be considered. Regular cable-TV and pay-TV
services would remain an a third separate coaxial cable system. Voice and data
services would be provided with a system similar to the one considered for the
medium term.

A summary of system cost for different time frames and subscriber distances from
the switching centre (S.C.) are summarized in Table 1.

(iii)
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TABLE l: SYSTEM COST PER SUBSCRIBER (1983$)

DISTANCE FROM THE S.C. (km)

TECHNOLOGY ALTERNATIVES
1.35 2.75 3.75 S5.33

| Paired Copper

SHORT TERM (1983-1985)

Telephony $410 510 570 800
Telephony + Alarm $740 840 900 1130
Talephony + Alarm + Low Speed Data $940 | 1040 | 1100 1330
Coaxial Cable $120

Tree Network Coufiguration
Average cost per subscriber for CATIV

MEDIUM TERM (1986-1988)

Fiber

Remote electronics, Fiber feeder and
Digital copper distribution
Integrated voice and data service $480 38Q 610 620

LONG TERM (1989-1992)

Fiber in the feeder and distribution
Integrated services

Option = A Voice, Data and non-CATV video $1150 | 1350 | 1350 | 1370
Option - B Voice, Data CATV and non—CATV video|$1990 2190 2210 2240

Large Business Subscribers

Large business subscribers needs for integrated voice and data communications can
most economically be provided through fibre optic digital trunks with flexible
bandwidths (both transparent and multiple access systems) to connect subscriber
premises located peripherals to the public and private networks. Costs obviously
will vary depending on the required transmission bit rate and bandwidth. DS-1 rate
(1,544 Mb/s) fibre optic transmission system cost estimates are summarized in
Table 2.

TABLE 2: COST PER DS—1 LINE (1983%)

DISTANCE FROM THE S.C. (km)

1 2 3 6 10

DS-1

$2800 | 3300 3900 | 5600 | 7900




In this study the fiber and associated hardware costs were projected based upon
today's manufacturing volumes and processes. They are BNR estimates and do not
imply the commitment of any particular manufacturer. It has also been assumed,
that new services demand or other factors will not result in increased production
volumes or drive research to achieve new processes which would result in Tower cost
products.

It should also be noted that the cost comparison presented in this study is only
based on capital costs, and does not take into account ongoing operating costs such
as maintenance. Since the optical fiber system design does not require field
repeaters in the outside plant and can offer built-in maintenance and diagnostic
features, it is expected that the operating cost will be 7less than for the
cooper-based approach. If such costs are taken into account through a Present
Worth of Annual Charges (PWAC) study, the comparison could be more favourable for
fiber than indicated by Table 1, where only capital costs have been considered.

In summary, with the assumptions made in this study, for the time frame 1983 - 1992
following subscriber access network evolution and use of fiber optics technology in
this plant can be expected:

i) For economic reasons, a fully integrated subscriber access network based on
fiber optic technology to carry all voice, data and video services will not
emerge.

ii) Optical fiber feeders will be used to connect digital switching centres to
remote subscriber multiplex units. Residential and small business subscribers
will remain to be connected to such multiplexers by copper pairs for voice and
data services.

iii) Video services can most economically be carried by separate coaxial cable
networks.

iv) Digital fiber optic trunks will be used to connect large business subscribers
peripheral equipment to the private and public communications networks.

The main obstacles for a larger use of fibre optics in the subscriber access
network and in particular the integration of video services with voice and data
are:

i) High cost of fiber distribution cables

ii) High cost of video switches
A major commitment to introduce a fully integrated fiber optic subscriber plant on

a large scale would be required to accelerate research for new processes and
technologies that can achieve the desired cost reduction.
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1.0 INTRODUCTION

A systems study was performed for the Department of Communi-
cations to examine the application of fiber optic technology
in the access network to provide existing and new telecommu-
nications services. Many new services other than basic tele-
phony are contemplated, and capability to cost-effectively
handle these services is a current driving force for network
evolution. There is a basic need to understand the nature of
the new services and their reguirements and to assess the
technology trends to develop appropriate network architec-
tures, cost-effective system designs and standards. The
study analyzed the technology alternatives, service inte-
gration prospects, system design options and market demand.
It identified probable evolution scenarios. BNR projections
of costs to implement the systems were developed. The
results are summarized in this report, and will be benefi-
cial to the DOC 1in formulating policies and fostering an
environment which will help expedite the introduction of new
telecommunications services and systems throughout Canada.

1.1 OBJECTIVES
The objectives of this study are to:

- Characterize existing and future telecommunications
services. '

- Consider two distinct levels of service integration

(a) Partial integration excluding CATV and Pay-TV, but
including any new video services,

(b) Total services integration, including. CATV and
Pay-TV delivery ‘

- Develop fiber based integrated services access system
alternatives.

- Postulate evolution strategy and rationale.

- Project an average fiber optic access network cost per
customer.

- Estimate the required capital at the aggregate
macro-economic level to implement fiber optic access
systems in Canadian urban centers.

- Identify key areas which require further technological
development,

October, 1983 (1)
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1.2 STUDY APPROACH AND SCOPE

The access network 1is part of the total telecommunications
network, and consists of three major components: switch
interface, feeder and distribution network (outside plant),
and the customer interface. The definition does not include
the switched network, interexchange trunking and customer
terminals. The commonality of the definition has been main-
tained throughout the study, and in the comparison of access
system alternatives.

The study approach is illustrated in Figure 1.1 in the form
of a flow diagram.

FIGURE 1.1: FRAMEWORK FOR ACCESS NETWORK EVOLUTION STUDY

Qbiectives &
Scope
. Y
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& Requirement Comoonems
Y
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Future communication services were characterized in terms of

penetration, usage, bandwidth, terminal and network resource
requirements based on the analysis of residential and
small/medium and large business market trends. A comprehen-
sive report (TR 82-0060 "Future Communication Services:
Analysis of Requirements") was issued to the DOC 1in
November, 1982, The results of the characterization and a
l0-year services scenario are presented in Section 3.

The impact of the services on access network design was
assessed. Network technology alternatives to provide exist-
ing and new services are discussed in Section 4. Specific
evolution alternatives are discussed in Section 5, based on
the best technology match with the specified services. -Cost
projections for the various system alternatives are included
in Section 6, including Canada-wide access cost projections

‘over the period 1983-1992, Discussion on the results of the

study, with recommendations for future research, are
presented in Section 7. '

October, 1983 (3)
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2.0 CONCLUSIONS AND RECOMMENDATIONS
Residential:

Short Term (1983 - 1985):

The existing paired copper network will continue to provide
voice and voiceband data services. As the identified demand
for telemetry type services is 1low, an appllque system such
as data above voice over paired copper facilities would be
cost-effective. CATV and Pay-TV services will be provided by
a parallel coaxial cable network.

Medium Term (1986 - 1989):

As data service penetration increases and as digital switch-
ing penetrates the network in greater volume, integrated
voice and data digital access systems are likely to be
introduced. Such systems offer the flexibility of moving
towards the internationally accepted Integrated Services
Digital Network (ISDN) concept. A switched star topology is
recommended., Fiber opt1cs will be an attractive technology
for the d1g1ta1 feeder link to interconnect the distributed
switching units with the switching centers. Paired copper
will be adequate for distribution purposes. The coaxial
cable network will continue to carry v1deo services.

Long Term (1990 - 1992):

As new video services (e.g. on-demand video and HDTV) become
popular, an integrated services centrally switched star
system based on fiber optic technology appears to be the
logical step in the access network evolution. The major
components influencing the total system cost are the video
switch and fiber distribution 1links. There is a 1large
amount of copper in the field today, and further cost
reductions are requlred for fiber optic systems if they are
to compete with existing technology systems, partlcularly in
areas already served by paired copper and coaxial cable
systems. Following are add1t1onal observations on the long
term system service/technology issues:

e Further exploratory research is requlred to develop low
cost components for an integrated services fiber optic
access system. Such a system offers the flexlblllty to
add additional services , and the overall maintainabili-
ty, ava11ab111ty and performance of fiber based systems
are superlor to the existing systems.

October, 1983 (4)
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Video switch resez ch 1is 1in an evolutionary stage.
Current research activities show the feasibility of
building small size switches. Active research 1in this
area should be pursued to develop more cost effective,
high performance 1large size arrays to satisfy various
service provisioning requirements.

e The cost breakdown of the integrated flber system indi-
cates that the fiber distribution cost is a major compo-
nent of the total system cost. Work toward fiber cable.
cost reduction should continue.

e The fundamental bottleneck to providing high quality
video, such as HDTV,is the bandwidth requirement and
terminal cost for HDTV delivery. Digital techniques may
be appropriate for bandwidth reduction, but are too.
expensive with todays video signal processing costs.
Therefore, video codec research should continue, as the
dlgltal video format prov1des enhanced plcture quality
and is well sulted to transmission over fiber.

® The service penetrations for future communications:
services are projected on the basis of existing consumer
trends. In order for these demands to materialize, oper-
ating companies may have to be prepared to invest on new
technology with a relatively 1long payback period to
provide low cost services. This is characteristic of
the 'chicken~and-egg' problem that occurs when the
attractiveness of a service to the consumer is largely a
function of the cost of the service. While this study
has not included terminal costs for the associated
services, there is no doubt that these will play a large
role in determining service demand.

Business:

Short Term (1983 - 1985):

Increased communications services requiring high speed data
transmission systems are foreseen. Large and medium size
business demands may accelerate the introduction of inte-
grated voice/data digital access systems. There will be an
increasing deployment of fiber for interconnecting business
premises located peripherals and exchanges to the public
switched network and for private network applications. The
communications requirements in the short term will probably
not exceed the DS-1 rate (1.544 Mb/s) .

October, 1983 (5)
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Medium and Long Term (1986 - 1992):

DS-1 rate access will be available to the customers premises
in the medium to 1long terms. Three basic wideband access
channel structures are proposed: transparent (sub DS-1 to
DS-1), multiplex (nx64 kb/s) and composite multiplex access
(a combination of transparent and multiplex). These varied,
flexible "pipe" sizes will be able to meet the diverse
service demands projected in the medium and long terms.
Fiber is clearly suited to this application.

For higher bandwidth requirements (nxDS-1), a number of DS-1
rate fiber links could be assembled initially. If increased
demand for this bandwidth materializes, suitable wupgrades
could be made to the proposed fiber based system for wide-
spread use. :

There is a lack of information regarding the locations and
numbers of businesses in Canada. In an era of rapidly chang-
ing access technology offerings (e.g. microwave radio, fiber
optics), there is a definite need to characterize the busi-
ness network environment in terms of location and number of
businesses by size and service demand.

October, 1983 . (6)
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3.0 NEW SERVICES SCENARIOCS

A prime objective of the study was to characterize existing
and new telecommunications services. This began with a
description of the services and the associated network
requirements, with the ultimate goal of producing market
penetration forecasts for each service for the residential,
and small, medium and large business market segments on a
Canada wide basis.

In order to achieve this goal, an extensive literature
search was conducted in conjunction with discussions with
various experts internal and external to BNR. A long list
of potential services was generated (Table 3.1). From this
list, certain key services which were perceived to have the
greatest market potential were selected and examined in
detail (Table 3.2?.

TABLE 3.1: LIST OF POTENTIAL SERVICES

TELEPHONY MESSAGING TELEMETRY [NFORMAT 10N TELECONFERENCING
Facsimile Security/Alara Home bdanking Audio
Voics HMessaging Energy Management Database Cownicading Audio=¥Yisual
- Service - Auto Metar Reading ' Telstex Computer
Eleczyoaic Mail Videotex Video
liosws Shopping

Credit Card Checking
Dacta Communicaticn

Charge Oisplay
Opinioa Polling
Teiedireccory
Diary Servics
Teiecalculacioas

ENTERTAIMGENT . Jipeg Docusent Preparation

QTV Video Archival Recrieval

Pay TV Video Publishing

On Desand Audio/Video Videa Education Systems

Remote Games Video Information Retrieval

MATV (Movienet) Video Surveillancs

NOTZ: v;a.. urﬁ:g- 38y apply bdoch conventicnal NTSC and exzanded dafinition and/or
high definigion talavision (HDTYV) imaging.

October, 1983 (7)
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TABLE 3.2: LIST OF KEY SERVICES

TIME FRAME:
Short Term Medium Term Long Term
(1983-85) (1986-88) (1989-92)
: e Telephony " o Volce Messaging o, On Demand Video
Residential e Basic CATIV e Telebanking e HDTV
e Pay TV " @ Energy Management ¢ Videotext
e Security/
Alarms
Small & Medium ¢ Telephony o Voice Messaging o On Demand Video
Business e Security/ . o Energy Management o HDTV
Alarms
e Telephony o Videccsnferencing e On Demand Video
Large e Volce Messaging ¢ HDTV
Business. e Database
Downloading

3.1 RESIDENTIAL MARKET

The rapidly decreasing cost of microprocessor technology
has introduced a potential cost-effective opportunity for
residential customers to enjoy enhanced capabilities for
communication, and for automated control in the home. This
trend, coupled with the increasing consumer costs such as
energy and transportation, is seen to be stimulating market
demand for new products/services in the home.

In the residential market, the three primary service catego-
ries are: communications/information, security/control,
video and entertainment. The specific services for applica-
tion to the residential sector in each category will be
highlighted in Section 3.3. These key services are included
in Table 3.2.

In addition, the following factors are also driving develop-
ments in the residential market:

October, 1983 (8)
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¢ increasing importance of leisure and time away from
stressful activities,

¢ growing consumer demand for stay-at-home activities and
entertainment,

¢ increasing awareness and dependence on mass media,

e changing lifestyles including more working women and
single-parent households,

e growth in the number of households,

¢ increasing importance of improved child and adult
education. '

Each of these factors is affecting lifestyles in a manner
which will continue to accelerate the demand for special
information/communications, entertainment and convenience
services in the home.

3.2 BUSINESS MARKET

In the analysis of the business market, small and larger
businesses are treated separately, as their needs differ
considerably. For the financial needs of small businesses,
service costs must be low, or productivity/revenue increases
associated with new services for this user community must be
evident. Large businesses are not quite as financially
constrained, and are more geared toward the streamlining of
office operations and information communications in order to
maximize productivity.

For purposes of this analysis, 1large business will be
defined as businesses with sales exceeding one hundred
million, medium business with sales ranging from one to one
hundred million and small business as those having sales
less than one million [Reference, TR 82-0060 "Future Commu-
nications Services: Analysis of Requirements", Table . C-4
pg. 87]. Unfortunately the statistical data does not permit
a clearer definition of small business.

Numerous magaz@nes and reports have emphasized the need for
integrated office automation systems, which comprise:
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- basic telecommunications

- word processing

- electronic mail

- intelligent copiers

- teleconferencing

- storage, retrieval and filing
- database downloading

- data processing

- file searching -

Table 3.2 shows the key services selected for small and
large businesses.

3.3 SERVICE PENETRATIONS AND DEFINITIONS

In this section services are defined in terms of application
areas and network requirements., Tables 3.3 to 3.5 summarize
the penetrations of the various services over time. Service
block diagrams and detailed penetration information are
included in Appendix A, The short, medium and 1long terms
represent 1983-1985, 1986-1988 and 1989-1992 respectively.

TABLE 3.3: RESIDENTIAL SERVICE PENETRATIONS (%)

SERVICE XEY 1985 | 1988 | 1992
CATEGORY SERVICE
TELEPEONY TELEPEONY 100 100 100
MESSAGING VOICE MESSAGING . 5 20 40
SECURITY/ALARMS 1 3 7
TELEMETRY
ENERGY MANAGEMENT 0 2 5
INFORMATION HOME BANKING 0 3 7
CATY (% OF HOUSEHOLDS) 67 77 88
ENTERTAINMENT
PAY=TV (% OF CATV SUBS) 10 29 51
ON=DEMAND VIDEO o 0 4
VIDEO
HIGE DEFINITION IV FOR
BROADCAST AND ON~DEMAND VIDEO 0 0 1
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TABLE 3.4: SMALL/MEDIUM BUSINESS SERVICE PENETRATIONS (%)

STRVICE ¥EY 1585 1988 1992
CATEGORY SERVICE
TELEPHONY TELEFHONY 100 oo Log
MESSAGING VOICE MESSAGING 2 10 50
SECURTTY/ALARMS 3 4l &3
TELEMETEY
ENERGY MANAGEMENT 2 [{s] 0
INFORMATION DATABASE, DOWNLOADING o] 0.001 0.05
AUDIQ 13 40 73
TELECONFERENCE
AUDIC VISUAL 0 L pi¢)
el
Ed
ON-DEMANT YIDEQ 0 0 &
-
YIDEC

HIGA RESCLOTION
© IMAGE PROCESSING

Q

0

10

TABLE 3.5: LARGE BUSINESS SERVICE PENETRATIONS (%)

SEXVICZ Y 1985 § (988 | 1992
CATEZCORY SERVICZ
TELEPHONY TELEPHONY 100 100 100
UESSACING VOICE HESSAGING 14 10 38
INFORMATTON DATABASE DOWNLOADENG 23 50 63
AUDLO 49 99 99
ATDIO VISUAL 40 73 30
TELECONFERENCE - -
COMPUTER 10 . 30 50
vIbEO 20 50 60
ON-DEMAND VIDEQ 9. 7 30
¥InEQ
HIGE 2ESOLOTION
IMACY PROCESSING ¢ 9 16
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e TELEPHONY

The telephone 1is the most widely used device for home and
business voice and information communications. The pene-
tration of telephone service is currently at 98% of Canadian
households, and both business and residential telephones
have grown at 5% per year in the past. The projected growth
of business telephones is 4% per year, while the residential
forecast remains at 5%. The telephone has the potentlal to
evolve into a true communlcatlons pcrt whose functions might
include:

- a message center,

- a personal tracking device (call forward),
an information access point,

a bill paying terminal,

- a conference port.

Basic analog voice communications services require approxi-
mately 4 kHz of bandwidth. With the ' anticipated widespread
introduction of integrated digital voice/data communications
in the near f{future, various alternatives to 64 kb/s PCM
voice encoding are being investigated. CCITT Study Group
XVIII has a mandate to converge on low bit rate voice (LBRV)
coding standards within the coming years - [1]. Adaptive
differential PCM (ADPCM) with adaptive gquantization and
adaptive predlctlon (ADPCM/AP) offers robust algorithms at
32 kb/s, and is currently a favoured alternative,

e VOICE MESSAGING SERVICE (VMS)

VMS 1is an asynchronous form of store-and-forward voice
communication between two or more parties, A user leaves a
message in the system requesting that it be forwarded to
another person. Added features of this service could
include call-answering, call forwarding and time-specific
message forwarding.

The ability to leave a message for any person at any time
would obviously have applications and demand in all market
segments. Communications cost reductions, convenience and
efficiency all contribute to the attractiveness of this
service to the consumer.

Basically, the 4 kHz analog voice bandwidth is sufficiant to
deliver the message. Various editing and filing features
could be provided using < 100 b/s of upstream signalling.

¢ SECURITY/ALARM SERVICES
A securlty/alarm service would alert the appropriate author-

ities in the case of a fire, intrusion or other alarm condi-
tions.
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In the residential market a number of factors are contribut-
ing to the marketability of this service., These include:

- increasing crime rates

- = increasing number of families leaving the residence

for long periods of time.

However, the acceptance of this service as being reliable
and of value to the consumer is still wuncertain. The rela-
tive value of the service must also be weighed against the
required investment in terminal equipment at the subscribers
premises (e.g. smoke sensors).

For the business market, this service is only applicable to
the small businesses, as larger establishments tend to have
"in-house" security services, due to insurance requirements.

The upstream bandwidth required to transmit the necessary
status information to the appropriate status monitoring
vendor or authorities would be around 300 b/s.

e ENERGY MANAGEMENT

This service involves the remote control and monitoring of
energy consumption. Various levels of service can be imple-
mented, such as remote control of energy consuming devices
and off-site meter reading by utility companies. This would
also allow for time-of-day pricing.

Currently, numerous trial experiments with this service
concept are underway. This will generate valuable informa-
tion concerning consumer acceptance, equipment and communi-
cations with subscriber located equipment. The driving force
for this technology 1is the incentive to decrease energy
consumption and costs, which involves the joint interest and
participation of the government, utilities and consumers.,

This service would be geared toward residential and small
business customers. (Many medium and large Dbusinesses
already maintain their own environmental control systems).

The network requirement for this type of service can be
modelled after those of security/alarm services (300 b/s).

e HOME BANKING (Electronic Funds Transfer (EFT))

This residential service involves the application of commu-
nications technology to common financial transactions i,e.
those typically handled by charge, cheque or cash. Thou-
sands of Canadian consumers are already making extensive use
of automatic debit and crediting facilities, including auto-
matic teller machines (ATM).
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Various display technologies can be foreseen for this
service, ranging from simulated speach verification of a
transaction to 1image display and hard-copy. For voice, ¢
kHz will suffice, while for text and graphic information,
1.2 to 4.8 kb/s would be required. Higher resolution image
transmission could require . up to 64 kb/s. A secure access
protocol would be necessary.

¢ DATABASE DOWNLOADING

This service involves the access to off-site computing
facilities. This could be used to update or duplicate
records between branches of a company or, for example, to
access a remote vendor-owned database. This service has
both residential and business applications. The sales of
home computers can be used as a guide to the potential resi-

"dential penetration of such a service.

The network requirements of such a service are the same as
home banking.

¢ TELECONFERENCING

A teleconference is a remote interaction between three or
more customers set up either automatically or by an
operator.

There are four driving forces for teleconferencing:

1) increased cost of travel

2) decreasing cost of communications

3) growth of service sector, which is highly dependent on
communications

4) drive for increasing worker productivity.

Table 3.6 lists the various conferencing alternatives and
their network requirements.

There is current interest in digital wideband speech trans-
mission for high quality applications such as teleconferenc-
ing. The use of techniques such as Continuous Variable Slope
Delta Modulation (CVSD) and Near Instantaneous Companding
(NIC) can be used to compress 4.5 - 7 kHz voice into 48,56
or 64 kb/s digital voice channels [1].

AT&T is planning to introduce audio and data bridging capa-
bility for wup to 60 conference ports 1in order to provide
audiographics teleconference services [2]. Data bridge
access is planned for up to 56 kb/s with Switched Digital
Capability, and up to 4.8 kb/s with a modem via the DDD
network. These units will fit 1into the Network Services
Complex, which will interface with the No. ¢ ESS switch to
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TABLE 3.6: TELECONFERENCING ALTERNATIVES

CHARACTERISTICS NETWORK REQUIREMENTS

AUDIO voics Only 4kHz /64kb/3, Audio Bridging
AJDI0 YISUAL Voics § Graphies 1.2 - 4.8 kb/s for graphics,

data bridging
(up to 44kt s for higher

resolucion)
Electronic Mail; Used ) up to Sdkb/s
COMPUTER (a) symchronously with
conferencs
Yoice + Yideo display . 1.5 = 2/s for digieal
vIoED (face=tomface and full § Mtz for aniogue
mtion) .

provide audiographics teleconference services that are tran-
sparent to the user.

In addition, the AT&T Picturephone Meeting Service (PMS)
will be offered from a number of rental public rooms by the
end of 1983 [3,4]. This service will use NEC switchable 3-
or 6-Mb/s codecs, but plans are to retrofit or replace them
with 1.5 Mb/s or even lower bit rate codecs 1in the future,
The network associated with this two-way service will .
include a combination of T-1 terrestrial and satellite
links. As an example, this service will cost business users’
$2380 (US) an hour between New York and Los Angeles for the
use of conferencing facilities.

There are at least two- major companies that manufacture
full-motion DS-1 rate (1.544 Mb/s) codecs that cost about
$150,000 (U.S.). NEC is manufacturing an interframe codec
(NETEC X1), while Compression Labs 1Inc. (CLI) are selling a
codec which employs an intraframe coding algorithm which is
incompatible with NEC's. Clearly, there is an immediate need
to reconcile the standards 1issue. (For an overview of
coding techniques, see [5])

NEC 1is reported to be introducing a motion compensated
interframe codec early in 1983 [3]. With this technique,
picture quality obtained at 6.3 Mb/s can be achieved at 3
Mb/s. Research undertaken at BNR [6] shows that this is
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probably the most promising bandwidth reduction technique
for video conferencing applications.

For applications where one-way video 1is required (e.g.
training, seminars), CLI is producing send only and receive
only codecs at about §75,000 U.S. each. In this way, a
point-to-multipoint conference with one-way video and
two-way audio can be achieved at a reasonable cost.

Small and medium sized businesses will most 1likely use
audioconferencing only. For other types of conferencing
needs, they would most likely rent facilities from a vendor,
such as telcos.

Large businesses are expected to utilize all forms of
conferencing, as they are best able to absorb the high
terminal equipment costs and take advantage of the subse-
quent communications savings.

e CATV and PAY-TV

Today, approximately 65% of homes in Canadian urban centers
subscribe to cable. Currently, 35-50 channels are offered to
subscribers, and over 100 channels could be made available -
in the future. :

Pay-TV services include flat-rate and pay-per-view formats.
Flat-rate pay-TV requires a subscriber to pay a fixed
amount regardless of the amount of TV watched. Technically,
all that 1is required is the removal of a trap ‘outside the
home to allow the channel to be received.

Pay-per-view TV requires an addressable descrambler which
can be activated individually (downstream) from the
head-end. Subscribers are charged on the basis of the actual
amount of programming requested. In this way, special
programs and events can be charged at a higher rate than
regular programming.

Pay-per-view systems (e.g. a BNR prototype) utilize a
set-top unit with a key to initiate transmission [7]. This
terminal retrieves an access code held in internal memory
and uses it to decrypt the 1ncom1ng Pay-Tv signal period-
ically. The subscribers viewing time is retrieved for bill-
ing purposes. This information, stored 1in the set-top unit
with each access, 1is collected via a no-test trunk. (This
facility is used to test subscribers lines without ringing
the telephone).

This form of "on-request" billing paves an avenue to intro-
duce on-demand video services, where the subscriber can
choose both the time and content of the transmission.
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e ON DEMAND VIDEO

The video retrieval system allows the user access to
programming from a "video library" upon request. The access
time depends primarily upon the technology used to implement
the library. For example, a collection of manual VCRs would
incur larger delays than an automatically read high density
optical storage disk. Immediate major wuses include both
entertainment, as well as educational programming for resi-
dential and business/industrial training applications.

For the residential sector, this opportunity for an unlimit-
ed array of programming is only .an extension of the current
trend in various home video disc/cassette technologies. The
high start-up cost for a vendor to set-up a large library
and establish adequate two-way communications capability are
seen to be prohibitive to early introduction of these
services.

Training and corporate communications seem to be the most
important business uses of these services. This
non-broadcast video service can be set up as an in-house
operation, thus the business market is not as dependent on
vendor interest in video libraries.

The network requirements for this service include 6MHz for
video and < 100 b/s for signaling information,

. @ HIGH DEFINITION TV (HDTV)

HDTV is a new transmission technology that can provide for a
greater level of image detail and picture clarity than stan-
dard (NTSC) television., No firm standards have been set
yet, but a prototype 1125 line HDTV picture can resolve some
five times as many picture elements (pixels) as standard 525
line television. Consequently, HDTV requires considerably
more bandwidth than conventional TV (i.e., typically 20-30
MHz vs. 6 MHz). In the evolution towards HDTV, an intermedi-
ate form of enhanced television can be anticipated :

a) Analog FM transmission of standard composite video.
b) Analog FM transmission of seperate R, G and B components.
c) Digital component-coded video.

d) NTSC-compatible transmission, with signal post-processing
after reception

Option a) could be easily implemented over existing coaxial
cable installations. However, there would be a considerable
decrease in the number of available channels. Options b) and
c) require sufficiently large bandwidths that a higher band-
width medium such as fiber optics would probably be neces-
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sary for their implementation. Option d) is already
receiving some attention, as can be seen in International
Telephone and Telegraph's (ITT) recent announcement that it
will begin producing digital TV sets [8]. These sets incor-
porate a set of VLSI ICs for digital processing of all base-
band signals in a TV receiver, and allow for a potential
variety of sophisticated signal processing features which
would not be feasible with analog techniques, such as
improved picture quality through the use of echo cancella-
tion and noise reduction circuitry. The possibility of full
picture store could make, for example, freeze frame, zoom
and clear large screen projection available at no extra
cost, Work 1is underway at ITT to explore and develop such
enhancements.,

The cost of such a set will be competitive with medium to
high quality sets currently on the market [9]. A number of
major television manufacturers have already arranged to
purchase ITT's VLSI components for use in their own
products. The digital set will be able to receive all stand-
ard video formats (SECAM, NTSC and PAL), and will thus
impact on the introduction of inter-continental broadcasting
(e.g. direct satellite broadcasting). Finally, this advance
will open the market to digital transmission technigues.

For analog transmission and reception of full 1125 1line
HDTV, the Half-Line-Offset (HLO)-PAL system has been devel-
oped, [10] in which the chrominance (C) and luminance (Y)

components are frequency division multiplexed. This compos-.

ite format is best suited to AM-VSB transmission in terms of
bandwidth/picture quality trade-offs. The baseband bandwidth
of this signal is 30 MHz. (Figure 3.1)

For FM or digital broadcasting, one of the most promising
transmission alternatives for the full 1125 line HDTV signal
is Time-Compressed Integration of Luminance and Line Sequen-
tial Chrominance components (TCI-LSC), which is being
pursued by NHK. In this approach, both the 1luminance and

- chrominance components undergo signal processing for

time-compression, and are then time division multiplexed in
such a way that the total signal bandwidth does not exceed
the total 1luminance bandwidth of 20 MHz (Figure 3.2).
Essentially, the high frequency components of the Y signal,
to which the eye 1is less sensitive, are traded for more
colour information. This scheme is based on the assumption
of the availability of digital pre- and post- processing
equipment and analog transmission. Using DPCM of 4
bits/sample, a total bit rate of 250 Mb/s can be achieved
for good picture quality. With the introduction of digital
framestores and more bandwidth-efficient coding techniques,
digital HDTV transmission could become realistic.
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It is anticipated that HDTV will enter the market via
several routes: '

- major film studios

- videocassette and videodisc players

- closed-circuit programming to major theaters and
CATV systems

- direct broadcast satellite (DBS) HDTV services.

The actual penetration of HDTV will depend partia;ly on the

.cost of the HDTV set.

The uses of HDTV for business follow the pattern of

on-demand video.

FIGURE 3.1: HLO-PAL FREQUENCY SPECTRUM
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4.0 ACCESS NETWORK TECHNOLOGY ALTERNATIVES

Several of the service offerings that have been discussed
are currently offered by either the telephone company or
CATV operators. A number of the future service possibilities
could be handled by the enhancement of existing access
systems utilizing ©paired copper and coaxial cable
facilities. The purpose of this section is to examine the
existing and new access technologies, with particular refer-
ence to fiber optics, and evaluate their potential to carry
new and integrated services. Sections 4.1,4.2 and 4.3 will
assess paired copper, coaxial cable and fiber optic facili-
ties as they apply to the carriage of existing, new and
integrated services.

4.1 PAIRED COPPER

The telephone company has been using paired copper for plain
ordinary telephone service (POTS) without significant chang-
es to the medium for decades, save for cable design improve-
ments. Copper comes in various gauges (19,22,24 and 26) in
order to effectively and economically serve analog POTS to
customers located at various distances from the switching
center. Figure 4.1 illustrates a typical paired copper feed-
er route. - '

‘FIGURE 4.l1: PAIRED COPPER FEEDER ROUTE
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While there have been many changes in the switching and
trunking technologies over the last decade, the 1loop plant
has remained virtually untouched. Low bit rate services (up
to 9.6 kb/s) can be accommodated on existing plant with only
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minor conditioning. The 0-200 Hz band below the voice band
would constrain the data rate to less than 200 b/s, and is
susceptible to noise generated by power lines and ringing
tones. At least 1.2 kb/s can be multiplexed above the voice
band. This system is 1limited to non-loaded loops, as the
attenuation effect of inductive 1loading is prohibitive to
above-band transmission. Bridge tap also limits the useful
bandwidth of the loop, and studies on Bell Canada territory
igdi?at? that the above-band channel should be kept below 40
z [11]. '

At higher frequencies, crosstalk interference and impulse
noise play a more important role in system limitations. Due
to the nature of the loop plant in North America, the most
promising alternative for transmission of up to 144 kb/s
seems to be time compression multiplexing (TCM). The 144
kb/s signal can be distributed over 3 km of 26 gauge cable
with a BER better than 10-" [12]. This type of distribution
would be wused in conjunction with a pair gain system in
order to shorten copper distribution 1loop lengths. Such a
termination point would serve to multiplex digital subscrib-
er lines onto a higher capacity digital feeder 1link to the
switching center. This high capacity link will most likely
be based on optical fiber., This distribution system config-
uration optimizes the use of existing plant for higher
bandwidth communications. (Section 5 expands on this
concept). '

4.2 CATV COAXIAL CABLE SYSTEM

A CATV system 1is comprised of a head-end and a coaxial

distribution network (Figure 4.2).

FIGURE 4.2: COAXIAL CABLE DISTRIBUTION NETWORK
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The head-end contains the appropriate processing equipment
to condition the 1incoming video signals for distribution
over the coaxial cable network. 1Initially, these systems
were provided only 1in locations where there was not satis-
factory reception of direct broadcasts. Today, many urban
centers are wired for CATV in order to increase the number
of channels available. Approximately 85% of Canadian homes
receive about 12-35 CATV-delivered channels. Modern CATV
amplifiers can have a usable bandwidth of wup to 400 MHz,
permitting the transmission of as many as 54 (6 MHz) TV
channels by frequency division multiplexing. Because of the
increased cable attenuation at high frequencies (square root
law), a 400 MHz system has approximately 20% more trunk
amplifiers and as many as 50% more line extenders than a 300
MHz system [13]. Typical design parameters for a 400 MHz
system are included in Table 4.1.

TABLE 4.1: CATV PARAMETERS

Cable Loss @ 400 MHz: 0.75" Trunk 3.6 dB/100m
0.5" Distribution 5.0 d4B/100m
RG59 Drop 24.0 dB/100m

Amplifier Output: Trunk 48 d4BmV
Bridge 41 dBmV
Line Extender 46 4BmV

Required input at TV set : 3 dBmV

Recent innovations for CATV systems include the introduction
of General Electric Company's COMBAND System [l4]. 1In this
system, excess vertical colour information, redundant verti-
cal luminance information and unused portions of the NTSC
time and/or frequency spectrum are combined to yield 2:1
bandwidth compression without significant picture degrada-
tion. This would offer an alternative to a complete system
overhaul to increase channel capacity. Also of interest is
the recent introduction of new, flexible cables with 1low
attenuation (1.5 dB/100m at 400 MHz, 0.75" M/A-COMM QR
series cable).

In order to upgrade existing plant to two-way operation,
modifications must be made throughout the plant. These
changes include the installation of: bi-directional repeat-
ers to separate upstream and downstream traffic,
failure-alarm circuitry and redundancy at each repeater,
back-up powering, and the addressable converters at the
subscribers premises. These additional features contribute
to increased reliabilty of the network.
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Times Fiber Communications Inc. [15] has developed a two-way
in-building distribution system based on fiber optic tech-
nology. A coax feeder using a sub-split arrangement is used
to interface between the CATV headend and a customer located
'mini-hub'. The mini-hub is, essentially, a microprocessor
controlled. cluster of converters and electro-optic
equipment., Two fibers are provided to each subscriber for
upstream and downstream transmission., Designed primarily
for apartment buildings, the system is said to be the most
economic service alternative for more than 24 co-located
subscribers.

4.3 FIBER OPTICS

Optical fiber communications systems have undergone rapid
advances since the early 1970's, when 20 dB/km glass fibers
were first manufactured. By the mid-1970's, many field
trials were underway. Experimental fibers being produced
today are showing losses of less than 0.5 dB/km.

Fiber optic transmission technology 1is being economically
employed in the trunk network in many countries, and a

~number of international telecommunications administrations

are committed to research into subscriber loop applications.
Appendix B includes a sampling of various activities involv-
ing this application scenario,

This section is dedicated to a concise discussion on the

‘basic components of optical communications: fiber, sources,

detectors, connectors and wavelength division multiplexers.
e FIBER

Optical fibers for general telecommunications purposes are
manufactured of high purity glass. The fiber most often used
for medium range (2-30 km) applications is graded index (GI)
multimode fiber. The 50 um core/ 125 um cladding GI fiber
typically displays an attenuation of < 1 dB/km at 1300 nm
and 2.5 dB/km at 850 nm, with bandwidth capabilities up to 1
GHz-km.

There are various manufacturing techniques used to produce
fibers, including modified chemical vapor deposition (MCVD)
and vapor axial deposition (VAD), among others. NTT [16] has
recently developed an enhanced VAD dehydration process,
whereby very low 1loss optical fiber with low concentration
of OH ions has been successfully manufactured (see Figure
4,3). The "sol-gel"” method [17] of fiber production involves
the use of relatively simple manufacturing techniques. While
a number of technical problems remain to be solved, the low
cost (projected at less than half that of VAD) of this meth-
od makes it an attractive potential alternative, although
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attenuation of fibers fabricated by this technique is
currently around 6 dB/km at 850 nm.

FIGURE 4.3: ENHANCED VAD FIBE’R ATTENUATION
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There are 3 major contributors to fiber cable attenuation:

- absorption, due to impurities in the glass

- scattering, due to material inhomogeneities and
irregularities in the core-cladding interface

- radiation, due to sharp bends in the fiber.

Both modal and material dispersion can also limit the capac-
ity of a transmission system. These factors relate to both
the geometry and wavelength dependent properties of the
fiber. The wuse of narrow spectral width sources helps to
decrease material dispersion., Various alternative dopants to
germanium are being investigated for use 1in silica based
f?bers in an additional effort to decrease material disper-
sion.

Initially, the short wavelength (850 nm) region was devel-
oped for lightwave communications due to the availability of
sources and detectors 1in this region. The decreased atten-
uation at longer wavelengths has led to the development of
components in the 1300 nm and , more recently, the 1550 nm
region.

Single mode fibers do not suffer modal dispersion, and as a
result can achieve high bandwidths over long distances (for
exampI?, 140 Mb/s over 102 km of single mode fiber at 1.52
um [18]). .

Finally, fiber cabling design is an important parameter in
cable performance. The two major problems to be addressed in
the packaging of fibers are adequate protection against
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breakage and reduced attenuation due to microbending. The
design developed at BNR is a slotted core loose packaging
structure. The design is rugged, simple and reliable and can
hold up to 72 fibers. The Seicor Optical Cable Co. [19] has
investigated the reliability of fiber cables, and experience
in BNR confirms that cable failure is very infrequent, and
is largely due to wuncontrollable circumstances (e.q.
collapsing ducts).

¢ SOURCES

The two broad categories - of semiconductor light sources used
for optical communications are light emitting diodes (LED)
and lasers. Some characteristics of typical devices are
given below in Table 4.2 [Source:20]:

TABLE 4.2: SOURCE CHARACTERISTICS

i PARNMETER L2 : LASER DICDE
Opeical powms Tating Lo S L Cua
Usefal optical powws £ eod of
coumseting Libre 0.02«) . Lo . 2ai
Corresponding rrewmt vamazasn 100wA 20=30mA
Thrwshaoid current l - 20~ 150mA

" Sandwidzth l §0=120m S l-2na i
Modulition rate : SOz 1000 Mz
Operiting tamperiUre ringe 0=~40 C 0=50 C
Servica Lifs ~100n 165%
Ezse of use Higa
Power couszaption Low

! Fibre type l =l timode xmomods or

i aul tazods

: .
Eource: 20, BN&

Short wavelength LEDs are made of GaAs or GaAlAs alloy,
while at long wavelengths, InGaAsP alloy is used., Both the
surface~ and edge-emitting LED structures are widely used.
The edge-emitter has a smaller emitting area and a somewhat
higher output power advantage.
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Lasers are favoured for use in higher bandwidth and/or long-
er distance spans, and are the subject of much current
research and development to achieve [21]:

- increased source power output

- integration of electrical drive circuitry
with optical components:

- increased reliability of lasers.

Sources in the 850 and 1300 nm regions are now comercially
available, with on-going development in the 1550 nm range.

Fiber optic system design traditionally incorporates the
appropriate components to achieve a non-repeatered span
between 'natural' termination peints (e.g. Switching
Center). So, for example, the use of higher bandwidth fiber
and lasers might be called for in a design due to the high
cost associated with installing a fiber optic repeater
(detector/source) on a given route. In the October 1982
edition of Japan Telecommunication Review, a brief paragraph
was included describing an "optical amplifier...which can
amplify optical signal power by a factor of 300 to 1000
times". It has since been confirmed [22] that this device is
a solid state laser which performs travelling wave amplifi-
cation. Operating just below the 1lasing threshold, the
device converts electrical energy to optical and injects
about 20 dB (net gain) into the passing optical signal. This
technology, (Figure 4.4) coupled with appropriate higher .
speed sources and detectors, may open up even more of the
inherent fiber bandwidth potential, if means are found to
reduce the high intrinsic noise of these devices.

FIGURE 4.4: OPTICAL AMPLIFIER
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e DETECTORS

The optical detector must convert the received modulated
optical signal back into electrical energy. 1In the short
wavelength region, silicon PIN or avalanche (APD) photo-
diodes are used. The PIN detector is reliable and cheap, but
the APD offers increased sensitivity. The relatively complex
Si APD has been shown to have adequate reliability [23],
although it has been recommended that procurement specifica-
tions are required to screen out potentially unreliable
APDs. ' '

In the long wavelength region, most receivers use PIN detec-
tors in conjunction with FET front-end amplifiers. In this
configuration, the receiver can be almost as sensitive
(within 2-3 dB) as APDs at short wavelengths, whereas a good
performance APD is difficult to fabricate for use at higher
wavelengths. Studies at Bell Labs [24] have shown that a
decrease of about 10 1in primary dark current of the APD
would yield significantly improved sensitivity over PINFET
detectors. It 1is not clear, though, whether 1low dark
current, reliable planar APD's can be fabricated using pres-
ent technology.

There is some question as to whether the realizable econo-
mies of using APD photodetectors for long wavelength commu-
nications are valuable; nonetheless, research continues into
the use of new structures and materials for such devices.

The major materials used 1in the long wavelength region
include GaInAs (Bell Labs, ITT), HgCdTe (SAT) and Ge
(Japan). While the Ge APD technology will be used extensive-
ly in Japan, the high dark current limits its operation to
below 100 Mb/s at room temperature., Bell Labs, among other
institutions, has been pushing GalnAs due to its ease of
manufacture, reliability and potential detector/amplifier
integration possibilities. Integrated GaAsIn PINFETs have
already been fabricated, and show promising performance at a
potentially low cost [25].

Table 4.3 shows a comparison of PIN and APD photodiodes.
[Source:20] :
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TABLE 4,3: DETECTOR CHARACTERISTICS

PARNMETER 3¢ ] | APD
: )
Quauris efficismey 0.5 - 0.9 0.5 - 0.7
Sesitiviry 0.5 = AN § - S0 A/
Muitinlicyeicn faczor 10 - 100
3ias voltige
- si 10 - 1SV 200V
- Ga . 10 - 15V
- InGaAs iov 15 - 20v
- HeCdTe 1ov
farz axrrent
- 83 Qd.22A Sea
- Ga 9.1 = W
- HeClTe 1 oA
Response time d.5as8 J.5as
CPeTITING tamyerIUIT TXOLY g=70 ¢ g-m¢
Thermal fucmazicns” None imificene
! PTedominant 013e Therml Therml aind
] ml.
i .

e SPLICES & CONNECTORS [Bource: 20, BN
Fiber permanent splices must minimize through-losses, char-
acteristically caused by misalignment, end separation and
microbending. Figure 4.5 illustrates various fiber splicing
techniques [Source:26].

The arc fusion method has received much attention due to its
overall excellent performance. Splice losses for this method
average about 0.4 dB, but with increased training and exper-
tise of personnel should approach”0.1-0.2 4B in the future.

Future research will include more durable and multiple fiber
arc fusion techniques and . improved single mode splicing
techniques.

Connectors are passive devices used to connect fibers to
other fibers, sources, detectors and various other devices
(e.g. WDM) where ease of connection and reconnection are
essential, '

About 1 dB of loss is incurred at a connecting joint using
fairly simple alignment technigques. The use of lenses offers
somewhat lower losses, but imposes more stringent alignment
requirements.
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FIGURE 4.5: FIBER SPLICING TECHNIQUES
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¢ WAVELENGTH DIVISION MULTIPLEXING (WDM)

WDM is a technique whereby the outputs of sources of differ-
ent wavelength are multiplexed onto a single fiber The
rationale for such a device is the cost savings associated
with the decreased-number of fibers.

The critical parameters of a coupling device include
through-loss (typically about 5 dB for an optical combiner
and splitter involving four wavelengths) and optical cross-
talk introduced. If small wavelength separations are
desired, 1lasers are best suited as sources due to their
small spectral width. Where broad separations are tolerable
(e.g. 850 and 1300 nm), the use of wavelength selective
photodiodes increases -channel isolation (e.g. Si is insensi-
tive above 1100 nm, and InGaAs 1is insensitive below 950 nm.
Ge, on the other hand, has a very broad spectral response
and is thus not well suited to wavelength discrimination).

Another application of the WDM technigue 1is bidirectional
wavelength division duplexing (WDD), in which different
wavelengths are used for separate directions of transmission
over a single fiber. For example, dichroiz filters achieve
optimum performance at two wavelengths with an insertion
loss of less than 1.5 4B [27].

Table 4.4 lists the advantages and disadvantagés of avail-
able WDM couplers. [Source:28]
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TABLE 4.,4: WDM COUPLER COMPARISON

i Couplar Type ) Advanciges Oisadvancages
| Wavelsngeh izdepandene f Slople Hign laows
with selective filtars
ot degmcrars Low cosc timicad %o faw
ahancmls
Lansed dichtoic Sizpla Loss Llocrsmsaw vith
aumsar of channwls
Low comt
DewoantTat ed Aigh -lofedal come

charmal stabilizy

for ilzacs

L0 channels
demonscTacad
Prizm Lass ook a funezica| Neolissar disparsicw
of mumier of
ghanueis
Maxy chanoels large 1iza and/or ‘
someible expEis priam
aacavials swouired
Tight soursa
specifissrions
Qaikanwm itabilicy
Graciog Lomg a0g 3 fumesiga| Tizhe sourss
ot oumber aof spweilizacions
ehsnrely
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5.0 ACCESS NETWORK EVOLUTION ALTERNATIVES

In the preceeding Section, the characteristics of the key
access technologies were discussed. Coupling this informa-
tion with the projected service requirements presented in
Section 1 allows for an evaluation of access system alterna-
tives suitable for the next ten vyears. In this Section, the
residential/small business needs will be addressed, followed
by medium/large businesses.

5.1 RESIDENTIAL NETWORK EVOLUTION
e NEAR AND MEDIUM TERM

In the residential market, the first broad segregation of
services can be made by separating video from non-video
services. This, of course, is reflected by the existing
network structures of paired copper and coaxial cable. The
structures of the existing and emerging CATV networks are
not well suited to voice transmission, partly due to a lack
of sw1tch1ng equipment and to the technological limitations
on convent1onal CATV plant equ1pment Therefore, the inte-
gration of voice and video carrlage will only be considered
for the long term, when access requirements for new services
such as HDTV warrant the development of new systems.

The major bandwidth requirements (in addition to voice on
paired copper and video on coax) up to 1989 are associated:
with very low bit  rate upstream transmission (<300 b/s), and
low bit rate downstream transmission (<1200 b/s). If data-
base downloading becomes a popular service in the near term,
there may be an additional need for 1200 b/s upstream as
well. As discussed in previous sections, both coax and
copper distribution technologies are suited for this
increased capacity. :

Coax:

In addition to new data-oriented services, there is a drive
to increase TV channel capacity in order to satisfy customer
demand for video services such as Pay-TV. For new builds on
coaxial cable, the 1installation of a 400 MHz system is
cheaper on a per-channel basis than for 300 MHz [29]. Pay-TV
and Pay-per-view-TV will be the leading services that will
spur operators to introduce some of the necessary modifica-
tions to allow for the full array of informational and
interactive services.. It is anticipated that this upgrade
may cost ahout $100/km for existing systems without two-way
capability, and as much as $900/km for older systems [29].
For new installations, the cost of stringing two cables
together will probably be no more than 50% more than the
cost of installing a single cable [30]. 1In general, the
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incentive to upgrade/build plant to include enhanced
services will depend highly on the projected service reven-
ues to CATV operators.

Paired Copper:

There is currently a well-defined and high momentum in the
telecommunications industry towards the digitization of the
network. The Integrated Services Digital Network (ISDN)
concept is the focus of CCITT Study Group XVIII, with a goal
of defining.global digital network standards with which
telcos can align their service offerings. This thrust is a
natural offshoot of the introduction of digital switching
techniques (e.g. Northern Telecom's DMS), and the inherent
enhanced  transmission performance and capability an
all-digital network can offer.

The key concepts of the ISDN are listed below [31]:

1) The customer will be supplied with a communication capac-
ity measured in maximum bit rate at a standardized
interface.

2) Various defined communications "pipe" sizes will be

. available, transparent to the user. No fixed bandwidth is

allotted to a user by the network; Rather, a variable band-
width assignment is made with each customer access.

3) signalling information will be multiplexed into this
pipe.

4) Packet and circuit switching access will be available.

To address the residential market needs for digital
services, a near term applique system 1is proposed. As
described in Section 4.1, existing telephone pairs can be
used for integrated voice/data transmission by superimposing
the Data (< 1200 b/s full duplex) Above Voiceband (DAV).
The data is FSK modulated, and carrier frequencies between
22 to 36 kHz are used (see Figure 5.1).
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Figure.5.1: Near Term — DAV System | "
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This scheme functions with any type of switcher, and
involves only the conditioning of the existing loop and the
addition of appropriate terminating equipment (e.g. modems,
filters). Bell Canada [32] has already conducted a field
trial of this 'hybrid' system. The experiment involved 5
alarm companies and 500 subscribers in Montreal and Toronto,
with satisfactory results. This configuration can be easily
upgraded as the demand for increased Dbit rates Dbecomes a
reality. -

The ISDN channel structure, as currently defined, 1is 2B+D,
where B is 64 kb/s and the D channel 1is 16 kb/s. The
serv%ce? associated with these channels are listed in Table
5.1 [33].

TABLE 5.1:

ISDN SERVICES

3=Channel Services
(66 Toic/s)

0=Chatnel Servicss
(16" Sbiz/s)

Joica

Bigh Speed Daca (CS & PS)

Znhanced Telephony

Low Spead Daga (PS)

2igh' Cualicy Volcs 7ideotax
Yoice & Daca Zad—-eo-ZInd Teletex
Assexbly of Subraca TalemecTy
Channaels
« Eoergency Services
Pacsimile

- Enargy Hanagement

Slowe=Scan Video

CS: Clreuiz Sewitching

PS: Packae Switching

As an intermediate step towards total voice/data
integration, a combined analog and digital format (A channel
for voice, 'C channel of 8 or 16 kb/s for signalling and
data) is proposed. Thus the DAV system can easily be seen to
fit into this structure.

The medium term access system proposed here is aligned with
the 2B+D channel structure. Figure- 5.2 shows the configura-
tion of such a system. For subscribers located at less than
3 km from the C.0., 144 kb/s can be delivered on paired
copper. For distances greater than 3 km, subscribers are
served by remote pair gain devices.

The subscriber multiplex units (SMU) serve to multiplex

incoming subscriber lines onto a high capacity fiber feeder.
Long wavelength LED sources, in conjunction with PIN detec-
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FIGURE 5.2: MEDIUM TERM - SMU SYSTEM
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tors and wavelength division duplexers are used to feed hlgh
quality graded 1index fiber (1.3 dB/km) over a maximum
distance of 10 km (Figure 5.3). The use of remote switching
units and existing pairs to provide increased channel capac-
ity is viewed as a cost-effective strategy to offer new
services [34].

FIGURE 5.3: VOICE/DATA FIBER FEEDER
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One of the key elements in the design and success of the
ISDN is the associated protocol. The definition being formed
by the CCITT follows the Open System Interconnect (OSI)
model of the International Standards Organization (ISO) and

%he]CCITT. Some of the current trends are highlighted below
331]: _

Level 1l: PHYSICAL LAYER

® 4 wire user/network interface seems likely
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® Issues to be resolved:
- Power feeding from C.0. to subscribers premises
through loops

- Pault isolation and contention resolution in multi-
terminal configurations

Level 2: DATA LINK LAYER

The link access protocol of the D-protocol (LAP-D) is used
to establish and release multiple logical 1links over the
D-channel, frame and sequence messages and detect/recover
from errors.

e CCITT thrust to base LAP-D on level 2 of X.25 link
access protocol balanced (LAP-B) and the high level
data link control (HDLC). LAP-B is currently used in
packet mode communications links.

e BNR [35] is supporting the initial introduction of
a simple compatlble subset' to LAP-D adequate for
signalling and circuit switching, to be upwards
compatible with full LAP-D. This would streamline
the introduction of hybrid (A+C) systems.

Level 3: NETWORK LAYER

This layer builds upon layer 2, and performs the call
set-up/clearlng of integrated voice/data and the support of -
various enhanced telephony features (e.g. call forward), It
should be compatible with level 3 of X.25.

¢ LONG TERM

Due to the anticipated increased demand for video services
(e.g. on demand video, HDTV), service operators would be
forced to 1install new plant to accommodate the increased
transmission requirements., It is therefore approprlate, at
this point, to 1nvestlgate more fully the integration of
video and non-video services, Specifically, two broad system
alternatives are proposed:

a) CATV and Pay-TV on coax
Voice/data and on-demand video/HDTV on flber

b) All services on fiber.

There are numerous advantages to service integration, such
as increased bandwidth/service flexibility and decreased
maintenance and operating costs. These benefits can be easi-
ly and effectlvely derived from fiber optics. The medium
term design option described earlier 1nd1cated the viability
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of introducing fiber in the feeder network. The concept of
an 1integrated system wusing fiber optic technology 1is a
logical evolutionary step if service demand materializes.

The topology chosen for the network is a switched star,
based on the criteria presented in Table 5.2 [36]. The
design chosen can be implemented using available technolgy.
However, topologies such as the ring may well benefit from
advances in fiber optic technology geared towards local area

‘network applications (Appendix C).

TABLE 5.2: FIBER NETWORK TOPOLOGY

TREE RING CUSTOMER=-  CENTRALLY-
SWITCHED SWITCHED

STAR STAR

Service Evolution = 0 - -*
Reliabilicy - 0 + +
Maintainability 0 - + +
Systen Reach - 0 - -+
Groweh &

Reaarrangenencs - - - -
Fiber Cost + 0 - -
Electronic Coscs - - 0
Technology

Risks (199¢) = = = =
TOTAL - - 0 -

+ = BeCter
0 = Average
- = Yorse

The overall configuration for an integrated fiber system is
illustrated in Figure 5.4. Following 1is a discussion of the
component subsystems: feeder, switching and distribution,

¢ FEEDER

Three separate feeder systems can be envisaged: one for
voice and data (as in the medium term), one for NTSC video
(either CATV or on-demand) and a third for HDTV.
Using projected 1992 components, the NTSC video system would
follow Figure 5.5. Two 6 MHz channels are frequency modu-
lated and frequency division multiplexed. This then intensi-
ty modulates a long wavelength laser diode. Outputs from
four such sources are then wavelength division multiplexed
and are transmitted over a single graded index fiber. It is
assumed that 48 TV channels and 48 on-demand channels would
probably be sufficient to serve an area of 1200 subscribers,
which would require twelve fibers carrying four channels
each for a total of 96 channels.
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FIGURE 5.4: LONG TERM - INTEGRATED FIBER SYSTEM
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There is no interference caused by intermodulation between

the sidebands of the same video signal using FM modulation.
Interference Dbetween sidebands of adjacent signals can
occur. However, by careful choice of carrier frequencies,
the products can be arranged to fall out-of-band. Where
these products cannot be avoided, their effect is minimized
due to the double FM process by which they were generated.

The major factors which affect the 1loop reach are: power
coupled, fiber and connector losses and receiver noise and
sensitivity. The first two control the signal power and the
last refers to the effect of the noise power. The maximum
loop reach is dependent on the minimum SNR design criteria.
In the case of NTSC video, an unweighted SNR of 40 dB in the
baseband channel bandwidth at the subscribers premises is
required. ~ :

A SNR of > 60 dB for the video feeder from the headend to
the C.0. is achievable. Using current technology, a feeder
(between the SC and the SMU) transmitting two NTSC FM chan-
nels per laser and WDM, will provide a maximum reach of 16
km (SNR > 45 dB).

The HDTV system considered here is actually enhanced tele-
vision, with a baseband bandwidth of 12 MHz. Due to the
higher bandwidth, there is only a single channel per source.
WDM is used to obtain a total of 4 HDTV channels between the
SC and the remote switching unit.

If HDTV with a 30 MHz bandwidth is required, a laser source
should be used between the SMU and the subscriber. Today, a
reach of 4 km (SNR>43 dB) can be achieved for two HDTV (30
MHz) channels. In the feeder, a laser with WDM could be
used, permitting 1 channel of HDTV per laser for a 10 km
feeder (at 43 dB SNR) at present, rising to 13 km in the
future.

The alternative to analog video transmission, which remains
unattractive due to the high codec cost required to achieve
bandwidth compression. Codec costs for immediate and long
term applications for both broadcast and conferencing appli-
cations are included in Appendix D.

® SWITCHING
The subscriber multiplex unit (SMU) is located either at the
switching center or at a remote site to terminate the

distribution lines carrying voice, data and. video
services.(See Figure 5.6).
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FIGURE 5.6: SUBSCRIBER MULTIPLEX UNIT, INTEGRATED SERVICES
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In the case of the remote application, the voice/data and
video fiber feeders are used to link the C.0. to the remote.
Voice and data services are routed to the conventional
public switched network and data network <facilities. Video
services require a special switch arrangement. Two options
are considered: (1) A central switch, shared by all
subscribers in the serving area. This switch would distrib-
ute up to 3 NTSC channels or 1 HDTV channel and 1 NTSC
channel to each subscriber. Any of the three NTSC channels
could be on-demand. (2) Distributed switching which is inte-
grated onto the voice/data line card of the §SMU. Serving ,
for example, 8 subscribers, there would be (i) 1 switch for
CATV distribution with 48 inputs and 3x8 outputs (3 TV chan-
nels per subscriber), (ii) a second switch for on-demand
video distribution.with 48 inputs and 8 outputs (1 channel
per subscriber) and (iii) a switch for HDTV with 4 inputs
and 8 outputs (1 channel per subscriber). A built-in micro-
processor would handle the routing of control signals from
subscribers to the switches.

The design of option (1) is somewhat more sophisticated than
option 2), and 1is beyond the scope of this study.
Therefore, a simple design approach based on option (2), as
shown in Figure 5.6, has been adopted for system design and.
costing.

Information on video switch technologies 1is included in
Appendix E. Switch costs for current and long term applica-
tions are also prov1ded

¢ DISTRIBUTION

The outputs from the switch, either at the C.0. or the
remote, are then distributed via fiber to the subscribers.
As illustrated in Figure 5.7, four subscribers are served by
a single fiber using WDM. The downstream information of the
four subscribers is multiplexed wusing four separate wave-
lengths, and is distributed via a single fiber to an outside
plant distribution terminal, housing WDM components. The
drop from the device is dual single flbers, terminating at
the subsciber entrance unit on the premises. Long wavelength
LED and PIN are used in the downstream direction. For the
upstream transmission of voice and data, a short wavelength

- LED is used at a common fifth wavelength at each subscribers

premises. Subscribers are polled' sequentially by the
switch for information, thus requ1r1ng only a single trans-
mission wavelength and rugged passive devices in the outside
plant terminal. At the switch interface, a PIN detector is
employed.

Using todays long wavelength LED technology, a maximum reach
of 3 km between the SMU and the subscriber 1is achievable
with a SNR of 41 dB for the distribution. The system
prov1des three NTSC channels, FM encoded, frequency division

October, 1983 (40)
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multiplexed per LED with a topology as in Figure 5.7. A
potential reach of 6 km with a similar system performance is
expected with improved component performance over the next
five years., Such systems could suport one channel of
enhanced television (EDTV) plus one of NTSC.

FIGURE 5.7: FIBER DISTRIBUTION SYSTEM

s SO M ] PIN \ 4

LED K1

1 LED, Short Ag
[\ K1 - ?\4 — 5 !
- wDM !
- > WDM - | !
LED Aq Sub 4
Voics/Data -
PIN g

At the subscribers premises, the network termination used in
the medium term scenario 1is preserved and augmented by
appropriate filtering and electro-optic equipment (as
described) to form an integrated entrance unit. In-house
distribution can still be over existing copper and coaxial
cable.

5.2 BUSINESS NETWORK EVOLUTION

Data rates of more than 1.5 Mb/s are already being demanded
of the telcos and cable companies by a number of large busi-
nesses. In the business market, there is a definite need for
local concentration and networking of in-building lines, and
the large and growing number of installed PBXs, key systems

and local area networks (LAN) are meeting this need. The

feagures that are evolving for such network ‘'hubs' include
34]:

e integrated digital switching for voice and data

e featured voice telephones, modular data terminal
interfaces and integrated voice/data work stations

® attached value added.service processors and peripherals

October, 1983 (41)
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e DS-1 (1.544 Mb/s) trunk interfaces
¢ enhanced signalling and management features
e communications gateways for voice and data.

As an example of manufacturers interest, these principles
are embodied in Northern Telecom's OPEN WORLD announcement,
It is expected that 1initially, DS-1 rate systems will be
used for PBX-PBX connections, evolving towards PBX to Class
5 switch demands. '

In the Dbusiness sector, the ISDN concept will have to
include an additional higher bandwidth (nx64kb/s) availabil-
ity to the 2B+D structure. The traffic offered to the pipe
will certainly vary according to the individual user's over-
all needs. It is, perhaps, more important to consider the
economies of sharing the pipe between a number of services,
and the impact this has on the access network offering.

The combinations of service offerings throughout the Canadi-
an business market and the degree to which any bandwidth
'pipe' will meet the variable traffic/transmission demands
presented by these services are anyone's guess at this
point. It is expected that the initial service offering will
require the DS-1 rate (1.544 Mb/s).

There are three basic wideband-ISDN access types envisaged
for the business environment - transparent, multiplex and

composite multiplex. (See Table 5.3).

TABLE 5,3: WIDEBAND ACCESS CHARACTERISTICS

ISDN ACCESS TYPES , CHANNTL ?EAITRE STRVICY ZXAMPLYS !
TRANSPARENT ¢ Zad-to=end conmecsion| ¢ Tideo Conferencing
ovar full channel ¢ PABRX [aterconnecszion
o Digit sequance »
" intagrisy ia full
channel
WLITTPLEX ¢ Ilndevandant end=<o- ¢ P4BX

end coanmctious over o LaN
ax 64 kb/s (3)
Chammels

¢ Digit sequence lats-
gTICY in each 3

chamel
COMPOSITE Composita of CTansoars=nr and mlziplax
WLITPL=X ideband iccess
. ACCEsS
October, 1983 : (42)
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The transparent access is intended for DS-1 and sub DS-1
bulk data rates (above the 144 kb/s provided by paired
copper). The multiplex access is an assembly of B channels,
suited for voice/data communications up to 64 kb/s per chan-
nel. The composite multiplex access 1is a combination of the
transparent and - multiplex access types. The aggregate bit
rate for wideband ISDN access is 1.544 Mb/s, with the actual
channel structure including signalling and framing informa-
tion. Standardization activities pertaining to wideband
access alternatives are on-going.

Three user communications profiles (hospital, bank, manufac-
turer) have been developed within BNR in order to portray
the varying needs within market segments (Table 5.4).

The access technologies appropriate for the service demands
outlined in Section 3 for the near to medium term would
follow the example of the 1ISDN service vehicle presented in
Section 5.l1. Figure 5.8 details the evolutionary access
scenarios in the business environment.

DS-1 access would most 1likely be provided initially by
special assembly of a fiber optic system. Short wavelength
LEDs and APD detectors are used in a WDD scheme that enables
unrepeatered transmission over 10 km of 3 dB/km GI fiber,.

There are a number of transmission system alternatives to
fiber:

e MICROWAVE RADIO - Point-to-point or point to multi-point
(TDM/TDMA shared access, cellular
approach)

- Requires frequency coordination, line
of sight clearance

e SATELLITE - Expensive earth terminals for DS-1
access applications, more cost effec-
tive at nxDS-1 rate

- Requires sharing of transponder space
to reduce cost
e CATV COAX - High channel capacity with shared use

- Lack of privacy, security and low
reliability

Studies within BNR suggest that if coax is to be used for
wideband business access, a preferred configuration would be
to use a 'hub' concept, whereby a dual cable feeder system
would interface with an intelligent hub. Subscribers would

October, 1983 (43)
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TABLE 5.4: BUSINESS USERS COMMUNICATIONS PROFILE

A. HOSPITAL (500 EMPLOYEES)

APPLICATIONS 1985 1992
bits/yr bits/yr
VOICE 150 lines 6.48x10'2] 150 lines 6.48x1012
7.96% 6.66%
TERMINALS 33 units 1.7107x1012} 42 units 2.1772x1042
2,103% 2.17%
CPU~CPU 2 hrs/day 1.1523x108 4| 4 hrs/day 2.306x1011
J1612 .230%
FACSIMILE 3525 meg/yr 3.8775x108 | 1776 wsg/yr 1.9536x108
.0009% .00022
COPIER 1.535 M/yr 7.8321x1010| 1,7363 W/yr 8.8449x1010
.096% .088%
IMAGE 393 k/yr 7,2626x1013] 492 k/yr 9.092x101%3
892 90,592
YIDEO TELECONFERENCE S/mth - 3.3254x104H 7/men 4.6569x10t!
L4092 4642
TOTAL 8.134x1013 1.0035x101%
B, BANK (1000 EMPLOYEES)
APPLICATIONS 1985 1992
bits/yr bits/yr
VOICE 200 lines 1.152x1013{ 200 lines 1.152xi0l3
70.16% 65,62
TERMINALS 83 units 4.3027x1012} 100 units 5.184%1012
26,22 29.52%
CPU-CPU 4 hrs/day 2.30x10%}| 6 hrs/day 3.456x1012
1,6032, 1.968%
FACSTMILE 5875 amsg/yr 6.4625x10% | 2960 msg/yr 3.256%108
.003Z 0.0018%
COPIER 1.91966 M/yr 9.7902x10%9{ 2.1679 M/yr 1.10565x10t1
.60 .629%
VIDEO TELECONFERENCE 4/meh 2.66112x101 1] 6/meh 3.99168x101!
1.622 2.27%
TOTAL 1.64177x1013 1.7559%1043
€. MANUFACTURING (2000 EMPLOYEES)
APPLICATIONS 1985 1992
bits/yr bits/yr
YOICE 200 lines 1.152x1043{ 200 lines 1.152x1013
' 46.52% 35.27%
TERMINALS 57 units 2.4626x101 L] 66 units 2.8512x10t!}
0.932 0.872%2
CPU-CPY 4 hrs/day 2,3x1011{ 66 hrs/day 3.456x1011
0.932 1.06%
FACSDMILE 2937 meg/yr 3.2312x108 | 1450 =sg/yr 1.595x108
.0013% .00052
COPIER 1.15179 M/ye 5.8742x1010} 1,3007 4/yr 6.6339x1010
2372 0.203%2
CAD/CAM 36 units 1.2442x1013] 58 unies 2.0045x1011
50.24% 61,372
VIDEO TELECONFERENCE 4/uth 2.662x10%1} 6/ach 3.9916x101!
1.752 1.222%
TOTAL 2.4763x1013 3.26614x1013
October, 1983 (44)
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send and receive baseband signals via dedicated drops. The
multiplexing and modulation of the various analog and
digital signals could be performed within the hub. The shar-
ing of processing facilities would bring cost savings to
subscribers.

Video service requirements can be handled either by coax for
analog (e.g. Bell Canada's 1local broadband network (LBN),
serving Montreal, Ottawa and Toronto) or on DS-1 rate facil-
ities for digital video. It is expected that the major busi-
ness use of video will be the digital video conference
service,

In-building distribution on the business customers premises
will likely be copper and/or coax in the near/medium term,
The long term view is an access arrangement that 1is opti-
mized for the total communication needs of the user. A
discussion on 'Fiber Optic Applications to Local Area
Networks has been included in Appendix C.

FIGURE 5.8: BUSINESS EVOLUTION SCENARIOS

SHORT TERM
S.C. _ - ' Business Premises
I o -
| | =
| ~
Switched switch | |
I Network [ | I/F I Modam @
PBX
I 1 "
Centrex =N
| | N .
VF Copper ystem 1 gsm
| ‘ Pairs » =
I Non Switched ;
| Special |
I Services ra
e ————— — ] //
Modem }— @
N
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!

6.0 ACCESS NETWORK AIPLICATION ANALYSIS

The service projections presented in Section 3 are tailored
to the Canadian communications market environment. In
Section 6.1, the model chosen to represent Canadian urban
subscriber distribution 1is discussed., Growth projections
over the period of 1983-1992 are presented, based on popu-
lation statistics and historic growth rates. Relevent system
cost parameters are included in Section 6.2. Access system
costs are projecteéd on a macro-level 1in Section 6.3, and
conclusions concerning the evolving applications of fiber
optics to the access network are summarized in Section 7.

6.1 URBAN APPLICATION MODELS
e RESIDENTIAL

The key parameters that must be addressed in choosing appli-
cation models are (a) the number of customers (households)
at (b) a given location demanding (c) a specific service.

a) Based on the latest available Statistics Canada informa-
tion (1981), there are 66 census areas (CA) with populations
ranging from 20,000 to 99,000, Similarly, there are 24
census metropolitan areas (CMA) with population greater:-than
100,000.

In order to simplify the calculations involved in
macro-level costing, urban centers have been grouped togeth-
er where appropriate, and an average figure assumed . for
existing number of households. Table 6.1 shows a breakdown
of population centers into 18 'clusters'. Based on historic
growth patterns determined by previous Canadian statistics,
projected linear growth estimates were made.

The scope of this study is limfted to wurban Canada. Listed
below 1is the overall current coverage of the population
centers of more than 20,000.

NO. OF HOUSEBIOLDS IN CMA'S (POP |OOK) = 4,849,085
NO. OF \IOUSEHOLDS IN CA/S (POP 20K - 39K} = 1,029,680
TOTAL NO, OF URBAN HOUSENOLDS STUDIED = 5,878,765
TDTAL NO, OF HOUSEIOLOS (ALL OF CANADA) = 8,281,530
FERCENTAGE OF TOTAL 1OUSEWOLDS IN CRA'S = 58,512
PERCENTAGE OF TOTAL HOUSEHOLDS N CA'S «j2.41
PERCENTAGE OF TOfAL NOUSEHOLDS SIUDIED = 70912
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TABLE 6.1: CANADIAN URBAN STATISTICS

October, 1983

POPULATION PER NUMBER OF NUMBER OF
CENSUS AREA CLUSTER | HOUSEHOLDS | CENSUS AREAS
('000) :
SMALLER THAN 1 7 - 10 17
100,000 2 10 = 15 22
¢ 3 15 = 20 10
4 20 - 25 7
5 25 - 30 4
6 30 - 40 6
—— - -l - - - S
GREATER THAN 7 37 - 43 5
100,000 8 48 = 51 2
(METRO CENSUS 9 57 - 59 2
AREA) 10 86 1
11 94 ~ 99 3
12 106 2
13 190 - 195 2
14 211 - 232 3
) 15 256 1
16 477 1
17 1027 1
18 1040 - - 1
(47)
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b) The distribution of subscribers along the feeder route
portion of the access network must be determined in order to
accurately project network costs. Studies done in BNR indi-
cate that for urban routes, the distribution of subscribers
with respect to distance from the switching center follows
Figufe)s.l (a). The distribution of growth follows Figure
6.1 b L]

FIGURE 6.1 : DISTRIBUTION OF SUBSCRIBERS
Urban Residential and Small Business Routes

DISTRIBUTION OF EXISTING SUBSCRIBERS:

@ 67% 22z 6% >4

DISTANCE BAOD: 2 1 3 K b o 8 r
e RISTIE 1w 2.4 1 3.4 K 5 K

DISTRIBUTION OF GROWTH:

DISTANCE BAD 0-3 M 3-8
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For the actual distribution portion of the network, an
aggregate distribution entity model (Figure 6.2) was chosen
in order to estimate distribution and drop costs for the
system alternatives. For the coax tree distribution system,
a detailed distribution design was performed. For
star-configured networks, an average distribution length was
assumed, based on the dimensions of the model entity.

c) Table 6.2 (a) summarizes the number of households by
distance to switching center., A summary of residential tele-

phone lines, existing and growth, is presented in (b). Part
(c) is a list of services growth assumption,

FIGURE 6.2: DISTRIBUTION ENTITY MODEL

MIXED SINGLE DWELLING/APT MODEL (AGGREGATE)

. « TOTAL NO, OF DU = 40O
MUR, R,
50 X BUR. & 50 X AER, DIST'N
+ MIXED DWELLING TYPES!
SINGLE 70 X
_ pupLex 10 X
CREEN ) : ApPT, 20 %

SINGLES stNcLES SINGLES SINCLES

120

APt

burLEX

am, ws,

Yalm
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TABLE 6.2: APPLICATION MODEL PARAMETERS - RESIDENTIAL
a) NUMBER OF HOUSEHOLDS (MILLONS)

PERIOD DISTANCE FROM THE S.C. (Km)
(YEARS) TOTAL
1.35 2.75 3.75 5.35
EXISTING 3.991 1.310 0.357 0.298°'1 5.956
1982
GROWTH
1983-1985 0,074 0.039 0.081 0,049 0,243
EXISTING
1985 4,065 1.349 0.438 0.347 6.199
GROWTH
1986-1988 0.064 0.034 0.070 0,042 0.210
EXISTING
1988 4,129 1.383 0.508 0.389 6 409
GROWTH ‘ )
1989-1992 0.086 0.045 0.094 0.056 0.281
EXISTING ) .
1992 4,215 1.428 0.602 0.445 6.690

b) TELEPHONE GROWTH MODEL (MILLION LINES)

PERIOD DISTANCE FROM THE S.C. (Km)
(YEARS) TOTAL
: 1.35 2.75 3.75 5.35
EXISTING 5.388 1,769 0.482 0.402 8,041
1982
GROWTH
1983-1985 0.100 0.052 0.109 0.066 0,327
GROWTH
1986-1988 0.086 0,046 0.095 0.057 0.284
GROWTH
1989-1992 0.116 0.061 0,127 0.075 0.379
EXISTING
1992 5.690 1.928 0.813 0.600 9,031

October, 1983 " (50)
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SERVICE PENETRATION ASSUMPTIONS
(BH: household)

Short Term (1982~1985)

1Z of HH - Data above voice on copper
652 of HH = CAIV on coax by 1982

67% of HH = CATV on coax by 1985

9% of HH -

Pay—-TV by 1985

Medium Term (1986-1988)

All new growth is served by SMU (IVD: Integrated voice and data), but only
6% of these have SEU, as only these customers require the use of the
D=channel.

6% of existing lines (1985) are cutover to SMU with SEU (replacement), as
they demand new services.

77% of HH - CATV on coax by 1988

192 of HH - Pay-TV

12% of HE - Pay-per-view TV

Long Term (1989-1992)

50% of the growth is in new development areas.

All new development areas are served by the integrated fiber SMU. The
rest of the growth is served by the IVD-SMU.

O0f the 50% growth lines on the IVD-SMU, only 10Z have SEU.

102 of existing lines (1988) are cutover to replaced by SMU (with SEU), as
they demand new video services,

88% of all HH - CAIV by 1992

100%Z of HH in new development areas take CATV of the remaining growth, 77%
are served by CATV on coax.

30% of CATV subs take Pay-TV, 20% Pay-per—view TV

80% of HH in new development areas have 0DV

10% of HH in new development areas have HDTV

October, 1983 (51)
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e BUSINESS

The business sector is split into two segments: small and
large. Several attempts have been made to characterize busi-
ness services, Except for the fact that most of the head
offices and high-rise business premises are located 1in the
metro-core areas, there is no identifiable pattern on the
size of the business (which may correspond to the number of
telecommunications facilities required in the premises) and
its location (the distance from the switching center).
Therefore, a general model based on some available informa-
tion on the existing network provides a distribution of
large business 1lines versus distance, as shown in Figure
6.3. Small business characteristics follow the residential
service pattern., Macro-level business access system costs
are based on these models.

FIGURE 6.3: DISTRIBUTION OF BUSINESSES

. J 337 217

DISTANCE (km) 1 4

-October, 1983 (52)




BNR - Networks Technology OCTR 83-0003
Table 6.3 (a) and (b) shows the service growth by distance

band for the business customers.

TABLE 6.3: APPLICATION MODEL PARAMETERS - BUSINESS

a) SMALL BUSINESS GROWTH MODEL (THOUSAND LINES)

PERIOD " DISTANCE FROM THE S.C. (Km)
.(YEARS) TOTAL
1.35 2.75 3.75 5.35
EXISTING - '
1982 350 115 31 26 522
GROWTH
1983-1985 12 6 13 8 39
GROWTH : .
1986-1988 12 6 13° 8 39
GROWTH _
1989-1992 17 9 . 18 11 55

TELEMETRY SERVICES

SHORT TERM

(DAV) 8 4 9 5 26
MEDIUM TERM :

(sMu) 46 24 T 51 30 151
LONG TERM

(sMU) 142 75 - 156 93 466

8% of the existing plant may be replaced in 10 years.

October, 1983 (53)
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b) LARGE BUSINESS GROWTH MODEL (THOUSAND LINES)

PERIOD DISTANCE FROM THE S.C. (Km)
(YEARS) TOTAL
1.35 2.75 3.75 5.35
EXISTING
1982 537 163 163 96 959
GROWTH
1983-1985 43 13 13 8 77
GROWTH
1986-1988 43 13 13 8 77
GROWTH
1989-1992 57 17 17 10 101
c) SERVICE ASSUMPTIONS:
. @ Short Term : All copper facilities
e Medium Term : 20% of growth on DS-1
Balance on IVD-SMU
e Long Term : 40% of growth on DS-1
Balance on IVD-SMU
e 127 of the existing plant may be replaced over 10 years.

October, 1983
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Included in this section are the relevent system cost compo-
each design
includes a system diagram, followed by a table itemizing the

nents for

costs per

subscriber in 1983

option. The

dollars. For the

long term designs, costs are
time frame,

with BNR

projected to
assessment of

assumed component demands of = 10,000.

All costs

presented herein are

format of presentation

medium and
the appropriate
technology trends and

BNR estimates, and are not
associated with the price commitment of any particular
manufacturer unless specifically noted.

It should be noted that the cost of structure (e.g. conduit)
has not been included here. as
access technologies

exercise.

While

occupies less duct

of decreased duct utilization may

it has been
it may be

period beyond this study.

structure is common to all
excluded from the costing

argued that, for example, fiber
space than copper or coax, the benefits
only appear in

the time

The experience within BNR has shown that actual construction

costs can vary widely between geographical
phenomenon exists

construction
reflect an average situation.

in the

even at the

same area.

I. PAIRED COPPER TECHNOLOGY

a) Telephone Service

SC.

areas. This
level of urban vs. suburban

The costs estimated here

r - ! .
| | S.L: Switehing Carear
I I OSA:  Ditribution Serving Ares
| JWE Jumoer Wice imtertace
: | P Imeeetace
|
| Switched Switeh | | VF Feeder Cable
| Network IE I
| | e —————— -
| !. Leral ——t——mr I
I I
COST_PER SUBSCRIBER L J { l
— | M |
AVERAGE DISTANCE l -~ |
FROM THE S.C. (Km) 1.35 | 2.75{ 3.75| 5.35| REMARKS | //‘ \\ |
; N P ~
COPPER CABLE u| s 64 | 8| 108 | 200 | star Pl i 1 ™
(FEEDER + DISTRIBUTION) L{ 66 | 126 | 162 | 300 |ToPoLocY | ! = I |
| |
SWITCH INTERFACE M| $250 | 250 | 250 | 250 | | = |
L 50| so| so| so | | |
I L- ————— pu| I
NE | Subscribyer
TOTAL VF SYSTEM COST $410 | 510 | 570 | soo L: L:;:::al I psa Promises {
— —
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b) Telephone, Telemetry and Low Bit Rate Data Service

Switched Switch

Oata Above Vaics

VE Feeder
Cable

To Vendor/ ‘I

Data Networks

|
I
I
I Neework [~ wr [ 35€
I
|
I

SSC: Subscriber Services Controiler

B

Jwl

I
I
!
|
I
I
|
|
|
I
I
I

)
—_——

SEU: Subscriber Entrance Unit /]/ Am\l\
Lf seu ,éﬁl
I I
L J
Subscriber
Premises
Lo e ]
COST PER SUBSCRIBER
AVERAGE DISTANCE .
FROM THE S.C. (Km) 1.35 | 2.75{ 3.75| 5.35] REMARKS
VF SYSTEM COST
MATERIAL $294 334 358 450
LABOUR 116 176 212 350
ADDITIONAL COST FOR
ALARM ONLY M $277 277 277 277
L 53 53 53 53
ALARM + LBR DATA M $445 445 445 445
L 85 85 85 85
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¢} Business Telephcne and Data Sarvice
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II. COAXIAL CABLE TECHNOLOGY

CATV Service

OCTR 83-0003

Feeder
Headend F\\\; N~ AAF\\g;
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Tmnk.

Ampiifier r_ __________ _|
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o | L
i KO il |
TV interface l |
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@ Opsons e | Cewbwoesm |

50 TV CHANN:._S 1 WAY 400 MHZ SYSTEM
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SYSTEM COST IS SHARED BY ALL SUBSCRIBERS
(85% PENETRATION)

FEEDER $ 10
DISTRIBUTION 110

AVERAGE COST PER SUBSCRIBER
$ 120

ADDITIONAL COST FOR

PAY-TV DESCRAMBLER (FLAT RATE) $§ 25
PAY-PER~-VIEW (METERING) $ 120
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IIT. FPIBER OPTIC TECHNQLOGY

a) Residential and Business Market
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b) Large Business Sector
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| N x DS-1 | Fiber | NxDS1|
I/F i -1
| Non Switched | N x DS I
I Special l I :
Servi -
I e Ch. Bank | Copper Pairs/Fiber ! (0::‘ Bank
| ?/r.F. i Analog/Ds-1 l V.F.
e o e

AVERAGE FIBER SYSTEM COST

COST PER DS-1 LINE

DISTANCE FROM , .
THE S.C. (XM) MATERIAL | LABOUR TOTAL
1 $ 2360 $ 400 $ 2760
2 L2820 510 3330
3 3280 620 3900
6 4660 950 5610
10 6500 1390 7890

October, 1983
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NOTE: For n DS-1 lines, n x the above cost.
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c) Voice, Data and Video Integration
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(i) SMU Located at the Switching Center

s.C _

r ']1 .

1 m i ;;‘ - M'.m

. : m -~ g
Switched - —
l Nework [ OAM L = | 1 Fibwr/a sSuss. bl =
]
— T
{

ll_ Data Natworks /\
o = x %
opv it e Bl g

™ H
oy R HE

(ii) SMU Located at the Remote Site

woOM [

5.C
| | Ramats Site
] E k1 = "\4 ko
'I Switched ) ~~—Ag
s CAM b MU
I Natwari ] | 40 Mbs Fiber 1 Fitwei4
| | Feaciar
I
l Data Networks -J |
G ——
2 FM-FDM
CATV — & Fibers/43 CH.
2 FM-FOM 15
aov = wom 6 Fibuca/4g CH.
1-8
HDTV WOM 1 Fiber/4 CH.
Note: 1 HDTY = 2 x FM Channel Bandwidth
October, 1983 (61)
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SYSTEM COST FOR INTEGRATED SERVICES i
OPTION A: Integration of voice, data and non-CATV services

COST PER SUBSCRIBER

AVERAGE DISTANCE
FROM THE S.C. (Km) 1.35 { 2.75 | 3.75 | 5.35 REMARKS
FEEDER
VOICE MDATA M — _— 10 14
L — —_ 10 16
ON-DEMAND VIDEO M —_— — 14 17
L ) 6 13
HDTV M — —_ 7 7 | INCREMENTAL
L 3 3 |COST FOR FIBER
MATERTAL
DISTRIBUTION M 230 300 210 210
L 190 320 160. 160
VOICE MDATA SWITCH, SMU IS LOCATED
VIDEO SWITCH, ‘ IN THE FIELD
SMU & SEU- 134 620 620 650 650 [BEYOND 3.0 KM
L 110 110 280 280 |FROM THE S.C.
TOTAL SYSTEM $1150 | 1350 | 1350 | 1370

(COST IN 1983$ BASED ON THE PROJECTED COST FOR VOLUME PRODUCTION IN

1990)

The above costs for 0DV and HDTV are based on 100% penetration in a
serving area. With a penetration level of 8072 ODV and 10% HDTV in a

serving area, the feeder costs are as follows:

3.75 km 5.35 km
0DV M 18 20
L 12 15
BHDTV M 25 30
L 5 5
October, 1983 (62)



BNR - Networks Technology - OCTR 83-0003

SYSTEM COST FOR INTEGRATED SERVICES :
OPTION B: Integratlon of voice, data, non-CATV and CATV v1deo

" COST PER SUBSCRIBER

AVERAGE DISTANCE

FROM THE S.C. (Km) 1,35 2.75 | 3,75 | 5.35 REMARKS
FEEDER
VOICE DATA M —_— —_ 10 14
10 16
ON~DEMAND VIDEO M — —_— 14 - 17
L 6 - 13
HDTV M — — 7 7 | INCREMENTAL
L 3 3 }COST FOR FIBER
MATERIAL
CATV M — — 14 17
L 6 13
DISTRIBUTION M 230 300 210 210
- L 190 320 160 160

VOICE /DATA SWITCH,

SMU IS LOCATED
VIDEO SWITCH,

IN THE FIELD

SMU & SEU M 1320 1320 1350 1350 [BEYOND 3.0 KM
L 250 250 420 420 |FROM THE S.C.
TOTAL SYSTEM $1990 | 2190 | 2210 { 2240

(COS§ IN 1983§ BASED ON THE PROJECTED COST FOR VOLUME PRODUCTION IN
1990

October, 1983 (63)
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6.3 SYSTEM COSTS: MACRO LEVEL

The growth in the short, medium and long terms is estimated.
The services penetration are based on the assumptions listed
in Section 6.1. Although there is no predetermined procedure
to replace some portion of the network it is not unusual for
operating telecommunications companies to undertake modern-
ization programs either to wupgrade the service provisioning
capabilities or to reduce the maintenance and repair costs.
A small percentage of the existing plant to be replaced is
factored into the growth. The system costs included in
Section 6.2 are applied to the urban residential growth
model described in Section 6.1. Tables 6.4 to 6.6 contain
macro-level cost estimates of the facilities required to
provide for the growth and replacement in the 10 year time
frame for the residential market. Material and labour costs
components are identified, and appropriate quantities of
network components are included.

TABLE 6.4: MACRO LEVEL COST PROJECTIONS, 1983-85

SYSTEM $M $M COMPONENTS
MATERIAL | LABOUR QUANTITY
PATRED COPPER _
(VOICE) 110 165 330 K SUBS
1040 Mm
DATA ABOVE VOICE 60 10 62 K SUBS
CATV COAX 40 30 580 K SUBS
PAY-TV 10 5 560 K SUBS
M ¢ MILLIONS K: THOUSANDS

SUBS: SUBSCRIBERS

October, 1983 (64)
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TABLE 6.5: MACRO LEVEL COST PROJECTIONS, 1986-89

SYSTEM M $M COMPONENTS‘1
MATERIAL | LABOUR QUANTITY
INTEGRATED VOICE
AND DATA - SMU 150 60 3050 UNITS
SEU 35 10 390K SUBS
FIBER FEEDER 7 3 | 7 FIBER Mm
13K Tx /Rx
PAIRED COPPER 13 18 290 Mm
CATV COAX 90 75 1360K SUBS
PAY-TV (FLAT RATE) 15 5 660K SUBS
PAY-TV (PER VIEW) + 25 5 770K SUBS
M : MILLIONS K: THOUSANDS
SUBS: SUBSCRIBERS . Mm: MEGAMETERS

REFER TO TABLE 6.2 FOR GROWTH ASSUMPTIONS AND PAGE 51 FOR SERVICE
PENETRATION ASSUMPTIONS )

October, 1983 (65)
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Two system alternatives (medium term IVD-SMU and long term
Fiber SMU) are jointly deployed to provide for the residen-
tial growth in the long term. The macro level costs are
summarized separately in Tables 6.6 (a) and (b).

TABLE 6.6: MACRO LEVEL COST PROJECTIONS, 1990-~92

INTEGRATED SERVICES SYSTEM
MACRO LEVEL COST PROJECTLONS

TOTAL COST $M
COMPONENTS
SYSTEM MATERIAL LABOUR QUANTITY
OPTION-A:
FIRBER CABLE: FEEDER 2.5 2 11 FIBER Mm
DISTRIBUTION 3 12 23 FIBER Mm
E O EQUIPMENT: FEEDER 4.5 1 6 K Tx Rx
DISTRIBUTION 23 7 35 K TxARx
SWITCEING . 90 40 141 K SUBS
TOTAL: 126 62
OPTION-8:
FIBER CABLE: FEEDER R 3 15 FIRER Mm
DISTRIBUTION 6 - 13 23 FIBER Mm
E O EQUIPMENT: FEEDER 6 1 7 K Tx Rx
DISTRIBUTION 23 7 35 X TxRx
SWITCHING 190 60 141 K SUBS
!l TOTAL: 228 84
M : MILLIONS K : THOUSANDS
SUBS: SUBSCRIBERS Mm: MEGAMETERS
INTEGRATED VOICE AND DATA SYSTEM
TOTAL COST S | COMPONENTS
SYSTEM ] QUANTITY
MATERIAL LABOUR
sMu 186 57 3 3100 UNITS
SEU 58 11 655 K UNITS
FIBER 8 4 5 Mm
PAIRED COPPER 16 22 330 Mm
COAX - OPTION A , 62 52 953 K SUBS
OPTION B 53 45 312 K SUBS
§
PAY-TV - 11 2 '| 548 K SUBS
PAY-TV (PER VIEW) 17 4 | 349 K suss
October. 1983 (RRY
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Table 6.7 shows tha macro level cost projections for the
large business sector, while Table 6.8 addresses the small
business service demand. Due to the 1level of wuncertainty
associated with the business user model, only the telephony
and telemetry services are cost estimated on an aggregate
basis. Services such as video would most 1likely be offered
on a per business basis, and the information available only
allows for an analysis on a per line basis.

TABLE 6.7: MACRO LEVEL COST PROJECTIONS, LARGE BUSINESS

(5M)
COMPONENTS SHORT MEDIUM LONG
PAIRED COPPER M| $ 75 3 —
L 110 S
MEGAMETERS 2480
SWITCH I/F M 260 —_— —
L 50
UNITS
SMU M —_— 21 21
L 7 7
UNITS 470 |. 470
DS-1 I/F M — 1830 4890
L 280 750
Tx/Rx UNITS 1920 5144
FIBER M —_— 923 2420
L ) 222 580
MEGAMETERS ‘ 3 6

October, 1983 (67)
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TABLE 6.8: MACRO LEVEL COST PROJECTIONS, SMALL BUSINESS

COMPONENTS SHORT MEDIUM LONG
PAIRED COPPER M 34 4 14
' L 52 6 21
MEGAMETERS 1172 157 484
SWITCH 1/F M 141 —_— —_—
L 28
THOUSAND UNITS 562
DATA ABOVE VOICE M 24 —_— —_—
L 5
THOUSAND UNITS 26
SMU M 35 107
L 18 56
(250 LINES) UNITS 789 3990
FIBER M 3 7
L 1 3
MEGAMETERS 3 10
October, 1983 (68)
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A summary of system costs is

17.0 ACCESS NETWORK EVOLUTION: ANALYSIS

provided

Discussion of the results of the micro-level
for the residential market is included in
business market results are discussed in Section 7.2.

OCTR 83-0003

TABLE 7.1: SUMMARY OF SYSTEM COSTS

SYSTEM COST PER SUBSCRIBER (19835)

in Table
cost exercise
Section 7.1. The

7.1.

TECHNOLOGY ALTERNATIVES

DISTANCE FROM THE S.C. (km)

1.35

2.75

3.75

5.35

SHORT TERM (1983-1985)

Paired Copper

Telephony
Telephony + Alarm
Telephony + Alarm + Low Speed Data

$410
$§740
$940

510
840
1040

570
900
1100

800
1130
1330

Coaxial Cable
Tree Network Configuration
Average cost per subscriber for CATV

$120

MEDIUM TERM (1986-1988)

Fiber

Remote electronics, Fiber feeder and
Digital copper distributiom
Integrated voice and data service

$480

580

610

620

LONG TERM (1989-1992)

Fiber in the feeder and distribution
Integrated services

Option = A Voice, Data and non=-CATV video
Option = B Voice, Data CATV and non—CAIV video

$1150
$1990

1350
2190

1350
2210

1370
2240

October, 1983 (69)
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7.1 RESIDENTIAL ANALYSIS

In the short term, the telemetry service can be provided by
both paired copper and.coaxial cable systems. The cost of
providing this service by either technology seems
comparable, which is apparent from the similar rates being
charged by both telephone and cable companies.

The penetration of new services in the near future is low,
making an applique system such as DAV attractive to an oper-
ating company. As service demand increases and the switched
digital capability of the telephone network progresses, the
use of integrated voice and data digital access systems will
become more attractive.

The SMU proposed for the medium term access alternative is a
suitable vehicle for such applications. This integrated
system is' the most economical to provide voice and one addi-

‘tional data service (e.g. alarms).

Studies conducted within BNR suggest that fiber feeder
systems are economical compared to copper based wideband
systems (e.g. T-1) 1in digital remote applications. Fiber
based systems are cost competitive on a first cost basis,
and when maintenance costs are considered, fiber optic
systems show clear economic advantages over repeatered
copper feeder systems. A rapid introduction of fiber in the
feeder network 1is foreseen. The distribution network will
remain as paired copper, which is still capable of providing
basic ISDN (144 kb/s) access. This network structure will
co-exist with CATV networks, which '~ will continue to provide
video services. ‘

The costing exercises included in Sections 6.2 and 6.3
assumed 100% service penetration in order to derive costs on
a per subscriber basis. These costs were sensitized using
the following scenarios:

1) 100% penetration in a serving area,
2) 85% penetration in a serving area,
3) 50% penetration in a serving area.

Table 7.2 shows the variations in system costs for different
levels of video service penetration in a serving area.

October, 1983 (70)
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TABLE 7.2: INTEGRATED SERVICES SYSTEM COST SENSITIVITY

(Per subscriber cost in 1983$, system introduced in the long
term)

AVERAGE DISTANCE
FROM THE S.C. (Km) 1:35 2.75 | 3.75 5.35
OPTION A
SCENARIO 1 {$ 1150 1350 1348 1360
2 1200 1410 1440 1450
3 1230 1440 1450 1470
OPTION B
SCENARIO 1 |$ 1990 2190 | 2206 2220
2 2040 2250 2300 2320 -
3 2070 | 2280 2320 2320

OPTION A: Integration of voice, data and non-CATV video
OPTION B: Integration of voice, data, non-CATV and CATV
video

In general, the cost of an integrated fiber distribution
system seems somewhat higher than providing equivalent
service using a combination of paired copper and coaxial
cable facilities. For example: '

Voice, data and non-CATV video:
2.4 km 5.0 km
(Dual Coax Cable System)Coax + SMU $ 820 $ 860
Fiber $1350 $1360
vVoice, data, non-CATV and CATV video:

(Three Coax Cable System) Coax + SMU ¢ 940 $ 980
Fiber  §2190 $2220

With due consideration to maintenance costs over time, the
upkeep of a copper distribution network -and two parallel .

October, 1983 (71)
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coax networks weigh favour to the notion of an integrated
fiber system including the carriage of about 50 switched
video channels, with a single channel distributed to each
subscriber.

The following general observations can be made on the inte-
grated fiber system design:

- The inclusion of video switching onto the voice/data
line card is expensive, as can be seen in the cost
differential between the scenarios including and exclud-
ing CATV service. The development of a suitable video
switch should be explored, including detailed traffic
analysis in order to optimize switch layout.

- The sensitivity analysis indicates that the additional
feeder cost (e.g. to accommodate an increased number of
video channels) does not significantly influence the
total system cost.

- The fiber distribution cost is predominant in the over-
all facilities cost. Bringing fiber to every home still
does not appear to be economical,

- The FM video EDTV format included in the integrated
service offering could be provided over existing coaxial
cable plant with satisfactory transmission quality. For
higher bandwidth transmission formats, the. attenuation
and group delay distortion limitations of the existing
coaxial plant becomes prohibitive to quality HDTV trans-
mission. Fiber optics is a suitable technology for this
application, and a stand-alone HDTV fiber distribution
system could easily evolve if the service demand materi-
alizes. Such a system would probably adopt a hub-type
configuration.

- If the cost of video codecs decreases, and NTSC/HDTV
video can be digitally distributed, fiber will definite-
ly be suited for this application.

\

7.2 DBUSINESS ANALYSIS

The diversity of service demand 1in the business market
points toward a digital ‘'pipeline' to the customers
premises., Fiber optic transmission systems are capable of
high and flexible bandwidth transmission, and show good
potential for introduction as this pipeline. The penetration
of fiber feeders in conjunction with SMUs will initiate the
penetration of fiber into the access network, and will form
the backbone of the emerging fiber access network. The
system costs for a varying number of DS-1 rate fiber links
are included in Section 6.2, :

October, 1983 (72)
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APPENDIX A: SERVICE BLOCK DIAGRAMS AND PENETRATIONS
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SECURITY/ALARM AND ENERGY MARAGEMENT

. TERMINAL/NETWORK REQUIREMENTS
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ALARMS
AND SERIAL '
METER ' VENDOR
RS PANEL < 300 b/s -
SENSO PROCESSOR Ad
- ; PLUS SUPPORTING OcE 0
: {NTERFACE
- : PROTOCOLS &
PARALLEL
(®rILLING
Sacurity/Alarm Servicss
MOTENTIAL NUMBER SERVICE ALARM
CUSTOMER HARKET USING BUSY MESSAGES/ '
TEAR TYPE SIZZ PENETRATION SERVICE # ALARNS /YEAR PERIQD YEAR BAHDWIDTH
{millions)
1983 (Residantial 3.1 1z 81,450 3 0.3 300 bps
{.5) (40,500 0.15
Seall Business 10,820 & peasages/ 8=9 am 0.3
{1,803 day/business 4=3 pm (1.8}
1988 [Rasidencial 9.2 b4 27,014 3 0.7
(1x) £92,000) 0.3
Small Symicess L4k BS7 A wesssges/ 8-% am 146.8
(26,129) day A=5 om {281}
1992 (Rasidencial 10.0 a1 700,525 3 2.4
iz (200,000) 0.4
Small businasa 35,18 4 nassages/ 49 am 1358.2
(92,73 =5 pa (32.0)
£LATI (ZSSAFDS DT TEAE @ Business: .. mess/day/dus I 250 vork cavs I iDus.
Pesidence. No. of alavms/vear I no. using service
EInergy Msnagament®
? Assumes polling 4 times 2 dasy
MOTENTIAL HUMBER
CUSTOMER MARKET USING NUMEEZR GF
YEAR e 5128 PENETRATION SERVICE MESSAGES/YEAR [BANDMIDTH
(millions)} (thaussads) | (atllions)
1983 |Swall Buwiassa 1.0 & 4 ©20.8 10.0 300 bpe
_ (o2 ) (0}
1988 |[Rasidencial 9.2 % 184,.7 7¢
{387 (46.2) {67)
Suall Jueiness 1.0 10%. 104,2 150
{322 {5.2} (7.5}
1992 |Residunctal 10,0 53 500.4 720
{1.5%) (150.1) {216)
Suail lusiaase 1.0 502 52l.0 150
(1) (10.4) (15)
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TELESANKING AND DATABASE DOWNLCADING: TERMINAL/NETWORK REQUIRENMENTS

vace TERMINAL

I3 kHz ([ TEXT-TO-VOICE

| CONTROL SIGNALLING CONYERS ION
| BILLING
TEXT TERMIKAL .
) — -CONTROL
1.2-4.8 kb/s l |
[- I TEXT/GRAPHIC j - -VALIDATION
=/ TeLiow TERAINAL | ! “EREVTIER, T TeRFacE
""' HARL/SOFT COPY 9.5-64 Kb/s | DATABASE
p—
\fzy IMAGE TERMIHAL l
: | !
|
]
MEDIATION
7 ————(3)BILLING
TERMINAL SIDI NZTWORR 8IDZ
- Hows Banking
POTERTIAL HUMBER SERYLICE
CUSTOMER HARXZT USING CALL BUSY HOLDI NG CCS/MEAR
YEAR ipe SIZ% PENETRATION SERVICE FUEQUENCY PERIOD ) Ting (alllious) JANDWIDTH
1988 (Rewidancial | 9 atllicn iz 79,060 3/aonch 58 2o 15-30 4.8 3wy
[§¥3] 180,000 Thurs.-fri. |seconds (2.4) {volce)
1992 |Zawidential {10 sillion 1z 740,000 6.3/manch 5=% p= 15=10 21,8 laZ=a.8
(4Z) {400 ,000) Thurs,-fri. [sacoocds (10.9) khps
(terminal )
9. bbb
kbpe
{hard/eoft
copy)
Databsae Downloading
POTENTIAL . NUMBER SERYICE
CUSTOMER HARKET USING CALL BUSY HOLIING CLS/YEAR
TEAR TYPE SiZ2% PENETRATLION SERVICE FREQUENRCY PERIOD TIMNE {odlliona) BANDWIDTH
1983 |Large Bus{nasa i houra/ ~ aight 17.2 3 kH=z
Jusiceas Lacation weak (5.35) (vaica)
-1 4,7% .
{1,806) lol~4,.3
kbhpa
1988 [Swall 1 nillion 1,000 30/ bust- I hout 1.3 (terminal)
Busainass (300) cass/yesd (0.9)
9 b=bd
Targe 9,162 2 hours/ 32 kbpa
Business Busioeas weak (18.2} (hard/sofs
Location copy)
{5,058}
1992 |Ssall 1 sillion .03 5,000 50/ us i~ 1 hour 9
Ausiness (.01) 1,000 assa/yenr (1.3)
large 11,458 2 hours/ A
Businuis Business wesk/ (27)
Locatiaa businass
location
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Q [NDIVIDUAL VOICE !

L'y 3 kHz
|
|
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VOICE BRIDGING

@ GROUP_VOICE
. : 1 : -X RECORDS
-GRQUP TEXT/GRAPHIC >
(T =
CAPTURE AND DISPLAY |
) < 7
| | ple2-4.8 Kb/s = 'H DATA
Al LD INDIVIDUAL TEXT/ - BRIDGING
YVISUAL GRAPHIC CAPTURE
AMD DISPLAY \ .
K::megayiﬁﬁ_KEEBEEUEl |
10N
CAPTURE AN P .
% E AND DIS LAYl }9.5-64 kb/s .
INDIVIDUAL HIGH |
RES f
VIDEO ANDOIBUTION CAPTURE
D | L5 Mo/se ,
TERINAL SIDE It 7Ei'TvOR.’ . SIDZ
Taieconferancing: Audio
PUTENTIAL NUMBER SERVICE
. CUSTOME & MARKET USING CALL BUSY KOLDING CCS/YZAR
YEAR TYPE S12EL PENETRATION SERVICE FREQUENCY PERIOD TIME (aillicas) SAIOMIDTH
1983 {Small 16,380 2/busi~ 9=12 am t hour 2.0 1.2 = 3.6
Business 23,070 cess/year 1=3 am (1.2) thpa
Large 464 992 460 S con= 9~12 anm t hour 1.5 & kHz
Business (902) 418 fareacas/ =3 am (6.8)
’ business
location/
yeat
1983 |Small 109,540 I/ busi- 9=12 am { hour 3.9
Business (54,540) |oess/year 1=3 am (4.4)
Large a6 992 460 50/busi~ $=12 am t hour 4.8
Busicess 02 418 cess 1=3 am (23.8)
) lecazioa/
yesr
1992 |Small 202,900 S/busi- 9=12 am t hour 27.3
Business (156,620) |oess/yexr 1=3 an (13.4)
Largs héd 802 371 75/buet- $=12 am 1 hour 29.7
Businass (752) (323) ness 1=3 am (27.1)
location/
year
October, 1983 (79)
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Taleconferenzing: Audio Visual
FUTENTIAL NUMBER SERYICE
CUSTOMES, HARKET USLING CALL BUSY HOLDING COS/YEAR
YEAR TYYE S$IZE PENETRATION SERVICE FREQUENCY PERIOD TINE {milllions) FANOWIDTH
1983 |Large (1.1} 401 &0 con~ 9=12 am 1 haour G.4 lal=4,8
Business ferences/ 1=3 am 10.3) kbpe
tusinasne/
year T (High reso=
lytica
1988 (Small 200 2 coo~ 9=12 am 1 hour .01 %, 6~04
- |Business {100) furances/ 1~} sm (0.007) bps
yeur .
Large LYY 75% 20 com= 9=12 II.. 1 hour 10
Zusiness (553) Enrences/ 1=3 am (7.3
location/
yuar
1992 |Samall 1,000 5 coo= =12 am I hour 7.2
luainess {600} Exrances/ 1=3 am (3.5)
yuar
Large 64 502 40 zon~- 9~12 sa 1 hour 2%
Businass (703) farences/ 1=3 am {13.7)
locaction/
yRar
P
Fidasgonfereacing k
NUMBER NUMBER SERYICE
CUSTOMER USING oF BUSY HOLDIMG GOST/YEAR
TEAR . TYPE SERYICE COMFERENCES |PERIOD CTIME {milifonm) |BANDWICTH
198} ilarge Business 1,700 9=12 am |1{ haours Q.09 L.5 abpe
(200} |1-3 pu (0.01)
1928 [&,000 =12 am- 0.8
) {3,000} |1-3 pa (0.2)
1992 24,250 9+12 am 1.3
{8,500) 1=3 pa {0.5)
Compucar Confesencing
HUMEZX aUsY . £Cs/
CUSTOMER or CALL HOUR HOLDING TEAR
YZAR TYPE CONFERENCES FREQUENCY ITRAFFIC | TIME {thousande) |BANDWIDTH
1983 |Large 3usizeas 496 20 coa=- 9=12 am | { hour - 3.9 1 kiix
(50 fucances/ [I=3 um (0.9) (vaice
yoar shaonal)
1988 |Large lusinass 14,130 - 254
(983} (17.7)
1992 [Large Busineas 254,340 423.9
(17,494) (16.8)
QOctober, 1983 (80)




|

BNR - Networks Technology

ON-DEMAND YIDEQ:

TERMIMAL/NETWORK REQUIREMENTS

DISPLAY (I
m) . 56 iz

OCTR

VIDEQ SWITCHING

HTi

N

83-0003

" e
ACCESS EQ
VALIDATION STORAGE
o
!
1
CAPTUREETC
BILLING
Sasic CATV
HITENTEAL NUMBER SERVICE
CUSTOMEDY, HARKET USIKG RUSY HOLDING CCS/YEAR
YEAR TYPE SI1ZE PENETRATICH SERVICE PERLOD TIME (aillions) BANDWIOTH
1984 |Resldencial 7 millica a5t 3,950,000 6~10 pa & houra/ 453 ,881.6 5«4 HHx
day
1988 [Rasidencial B millicn 91z 7,300,0G0C &=l pm 6.5 hraf 621,786.5
day
1992 |Easidencial |10 wmillion 95% 9,500,000 =10 pa 6.8 hxa/ H402,912.4
day
ey TV
POTENTIAL NUMBER SZRVICE
CUSTOMER MARKET USLIHG CALL 3UsY HOLDING CCS/YPAR
YEAR TYPE SIZE PENETRATION SERVICE FTREQUENCY PERLOD TIME (mtllicos) BANDWIDTH
(aillionu)
1981 {Rasidencial [5.9 aillion 10X N l/veak =10 pm 1.4 ars 21,021.8 =6 MMz
1938 iRasidential [7.3 aillion 9% z.1 1/vesk 10 pm 1.8 hrs 7,076.2
1921 iRasideacial (3.5 millicn 512 4.5 2/weak 10 pa L.b hra 26,956,.8
On Demand Video
FOTENTIAL HUMBRER SERVICE
CUSTQMEX MARXET USING CALL BYSY HOLDING CUS/YEAR
TEAR TYPE S1ZE PENZTRATION SERVICE FREQUENCY PERIOD TLNE (alllions) BANDW IOTH
1988 |Large 20 10/ laca=- 9=-12 am 2 hours 0.4 5.6 Hx
Musinase (=) ticn’ I=3 pa (=)
1 year
1992 [Resideancial |10 aillion %4 270,000 3/year 5=10 pa 1.5 h:-a (16
.7
Small 19,500 1/uni~ 9=12 am 2 hours 1.7
Jusiness {=) aase 1-3 pa (0.6)
Latge on 100/1aca~ Gei2 am 2 hours 19.7
Businass (42) tican/yaar 1-3 pa (9.1)
Qctober, 1983 (81)
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;

'HIEQ DEFINITION TV: TERMINAL/NETHGRK REQUIREMENTS

CAPTURE ! |

ﬁ: ' 7-20 Mz o &

—_ MAGNETIC AND

E___El @ ELECTRONIC STORAGE
‘T;$? e
LARGE AND SMALL SCREEN

DISPLAY. - l
i
High Definitioca TY
FOTENTLAL NUMBER SERVICE
CUSTOME L HARXET USING CALL RUSY HOLDING CCS/YEAR
TEAR TYFE S51ZE PENETRATION SERYICZ FREQUENCY PERIOD TIME (nillicns) BANOWIDTH
1988 [Large 23 100/buai= | Business 1 hour 7 20 MHx
Sunicess f {10} [ewwasyest | hours ' {1
1992 |Reaidencial (10 millioa 12 100,000 l houre/ k1]
. (.57) 40,000 day/tes= 13
idencial
usar
Small 1,500 50/ uni= Buwinesa 1 hour (Y9
Businans {230) oeen/year hours (2.3
Large 94 100/buni= | Businesw | hour 7.}
Business {43) Daas/year hours (12.8)
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A) ELIE : Manitoba Telephone System, Northern Telecom,
Bell-Northern Research, Canadian Telcommunications
Carriers Association, Department of Communications

e rural project, initiated in 1981

e services included: telephone, CATV, FM radio and Telidon

e remote switched star network configuration
Some of the ‘results include:

- No breaks in service caused by failure

- No reliability .difference between short wavelength laser

and LED

- Slngle party telephone service was the most popular

service

- MTS project manager predicts that 1ntegrated fiber
system will only become cost effective in 5-10 years

« FIBER PARAMETERS .
GRADED INDEX

TYPE

PROCESS

NA N 0.17

ATTENUATION <A dd/km (840 and 930 mm)
3d8 — OPT. BOW. 800 MHz

CORE ~— DIAM. SQ«m

CLADDING « OIAM. 1204m

COATING — DIAM, 3W0um

e« CABLEINSTALLATION DETAILS

TRUNK LENGTH 9xm ST. EUSTACHE
TOTAL LOOP LENGTH 75km
CABLE PLACEMENT 70% BURIED

0% AERIAL

TELEPHONE
DATA
TELEVISION

- s

AEMQ
msmmunomf

FM namo/l TELEPHONE
DATA

CONTROL
FIBRE TAUNK CABLE 3 KM

cem'ﬂemnq

' FIBRE LOOP
S5km

ELIE ' SPECTRUM  ALLOCATION

DOWNSTAEAM = (840 NM — LIGHT SOURCE

1.8 FM STEREOQ §8.28
SECONO VIDEO

FIRST VIDEQO 24 21
TEL
OATA
/ 1 . $ -l L 1 1 1 i
H 50 55

10 18 20 25 30 5 40 45
FREQUENCY (MHMz) MKz

UPSTREAM — (330 NM — LIGHT SOURCE)

TEL.

DATA

TV-CONTROL

SIGNAL

R Ta Witz
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B) MILTON KEYNES 'FIBREVISION' (British Telecom)

e 1982 implementation

e switched (star) TV program provision under microprocessor
control to 18 customers (upgradeable to include other

services)

e CATV signals distributed by pulse frequency modulation of

short wavelength ELED

¢ switching system uses ECL buff
points, although noise leakage

Some of the needs identified in
mentation of fiber optic distrib

ers and reed relay cross-
was a problem

this trial for future imple-
ution systems include:

- overall cost reductions in medium-high quality compo-
nents (e.g., high bandwidth LEDs, low loss double-window

fiber)

- improved, less labor intensive techniques for connecting

and splicing fibers
- wider range of optical coupl

tapping of the optical signal

ers to facilitate WDM and

HEAD-END FLEXIBILITY POINT

RADIO TELETYPE
MUX N
t STy \

CONTROL

CUSTOMER INSTALLATION

TERMINATION

PRIMARY LINKS

oTUA (2) TRANSMITTER
ORU-12) OPTICAL oo reiven

CHANNELS \Fumr
H ====mh--_-_"
1 pez== WIOE
= OTU 2 === -d k-
! BAND 1 —
H SWITCH
=3

SECONDARY LINKS

UNIT-TYPE 1 (2}

!
Is I
<

OPTICAL FIBRE
s NI DEBANO (ELECTRICAL)
CONTROL/SIGNALLING

The basic Fibrevision trial network
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C) BIGFON (Deutsche Bundespost)
e in service by late 1983, operational till 1986

e mixed analog and digital and all-digital transmission
experiments

e services: n * ISDN, 4 PAL TV, 4 FM stereo and videophone
Observations on the goals of this experiment:

- cost reductions are required for fiber optic cables in
the
subscriber loop
- w1despread introduction of dlgltal transmission tech-
nigues will require the development of VLSI
- this sort of gamble on technology will help create the
demand that will drive the costs of components down

CENTRAL OFFICE

I .

. | as et law

TELEPHONE ! - NARY DN
. i
I
i

———em—

TELEX

TILETEX )
. e

guwe o

—

:.E TR

FACSIMILE
ELECTRONIC [eTs] |

SN
CONNECTION

PICTURE
TELEPHONE

v AND
R0
NETVWORRS

BUNLCHIG H

{:‘
|
tONNTCHION '
l'l'!‘
L]
o
<
u
ht
O
Gl ON
o AL
L
PPAIA TGS
/l (-
N

[N NI

\_mc.’u‘!é
TELEPWANE|we

NE TWORR

TV CHANNELS

RADIQ

Diagram of services on BIGFON prototype networks
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D) BIARRITZ (Direction Generale de Telecommunications, Societe
Anonyme de Telecommunications, Lignes Telephonigues et
Telegraphiques)

e under installation (1983)

e services: 2 SECAM TV, digital voice, 1 FM radio, video-
phone

e short wavelength components used - FM radio feeder and
upstream subscribers transmission use LED, all others use
lasers, all but subscribers premises (PIN) use APD

e TV, videophone are FM modulated while FM radio is trans-
mitted at 128 kb/s

Future developments anticipted in thHe subscriber loop
include:

- improved video switching (less crosstalk)

- minimization of fiber costs points toward increased use
of WDM and optical components for network

BIARRITZ i NETWORL.  LONF\GURATION
SWITCHED

SUBSYSTEM VIDEQ TELEPHONE LINK

REGULAR
TELEPHONE NETWORK

TELEPHONE &

VIDEQ TELEPHONE MULTISERVICE OPTICAL SUBSCRIBER LINK

AMULTL- TELE
3 SERVICE PHONE
CONNECTION] CHANNELS aPTICAL OPTICAL ISUBSCRIBER

S
UNIT (MSCUI Tx /x | QPTICAL FIBERS
R

TX RX ICONTROLLER- e e =
TELEDISTRIBUTIDON LINK &

SUBSCRIBER
TERAIINALS

TELEDISTRIBUTION
SUBSYSTEM

TV ARG RADIO
PROGRAMS

BIARRI\TL ' SPELC TRUM ALLOCATION

pxluraphans vece
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o
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E) JAPAN (NTT)

e residential and business subscriber loop field trial in
Yokosuka in 1980-1981

e experiments conducted on LED and laser FM-IM, PCM-IM and
PFM-IM video transmission

e Mitaka field trial to be conducted for subscriber loop
system in order to isolate technical problems and deter-
mine service trends’

e after 1985, integrated fiber subscriber loop systems will
be introduced on a nationwide scale

Main Parameters of Field Trial Systems

', Systems Susiness. usa sudscnioer Hame-uls JuSICrider CATV duater e 1 5Mb/s diguial
+ itemy H Sy stems N systams But:on systams Jystem
T H T
Transaussion ngaar 6 IMO/S digiras - 4NHZ NTSC TV g t SMO/S dsgital | dMHZ NTSC TV {HD ~|'v=vrf Tv! t SMa/s aigirat
N :
‘Transmmszian distgnce 7 am ‘| S «m J— i 12km
Sahcal Noer coore 3raoed 1nder  myitimode fiour’' )
Iy toang 23 B t eam b
$II.3NhGR scRame H 23 Joy e
G | _sestgers ! b . 9naleg basedand raar\c | <
ot sa N PO - 38AIS3 : nGadsF .Goalas | irGods? 1
00 13 Wi A as - .2 eos . .g5 -uz ! £ Solins-LD | J4atas- L0
Iyvovearger '8 e i ECE csur <5 daar o0 } ddwn up
3 130,m{T83m  T36am 139 m 39 tEam 2 BSum| Yue (O86WmIOBCm. gy ":swn
* I3, TeTentie S, LR 1 .- &L 22 $ -;?‘.‘[L'.'o-;?_- 18.- 2 § .afg : Si.a03
sartgriyrencd ! ntarferance

eI AG Tse | 3T s eeaterdyrence farer fype [

Puter type | sirer type |

v orecagmgson 233 S 33 am 3@rdaatn C9C MMp am
«2 cown eng 3tF-5e 1@ 30032r D47, .3 1503CrDer °9 enc oft.ze

'

Feeder cable . ——
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One future image for optical fiber subscriber loop system
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APPENDIX C: FIBER OPTICS IN LOCAL AREA NETWORKS

A local area network is a communications medium used to
interconnect computers, terminals and other peripheral
equipment, typically located within a few kilometers of each
other. The drive for the development of such networks is a
reflection on the decreasing cost of sophisticated terminal
hardware and the consequent drive to interconnect these
workstations in an economic way.

Some of the key criteria of LANs follow:

e 100% availability
¢ growth capability without interruption or reconfiguration
® low cost

While relatively simple protocols can be used to cost effec-
tively implement LANs, it must be kept in mind that in the
future, LANs will 1interconnect to various other public and
private data networks. The IEEE 802 committee is working
towards a standard protocol, aligned with the IS0 Open
Systems Interconnect layered architecture.

Table C1 [1] lists the network topology alternatives and.

features .of LANs. To date, the most popular methods used to
share the LAN medium have been contention/collision
detection (CSMA/CD) and token passing. PBX manufacturers are
also beginning to offer integrated voice and data switching,
and Northern Telecom's OPEN WORLD announcement is a
reflection on this evolution towards efficient, consolidated
and flexible business communications offerings.

TABLE Cl: LAN NETWORK TOPOLOGY ALTERNATIVES

Parameters Features
Number of . Ease of Perceived
Newwork network Network : expanding or network Ease of
topology links protocol Link dara faie tapping reliability synchromzation
Fully connected NN - 1) Polling Node rate Difficult {many High —
extra lines)
Star N Polling Node rate Moderate High Easy (nodes
independent)
Ring or loop N Multiplexing or > N-(node rate) Moderate (shut Low Easy
(active repeaters) contlention down network)
Distributed data bus l Contention > (node rate) Easy (with coax) High Difficult
October, 1983 (89)
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Currently, most LANs use coaxial cable. However, these
networks offer some inherent drawbacks: intolerable variable
delays (CSMA/CD), security problems, power distribution
problems and noise interference. These networks encompass
data rates from about 100 bd to 10 Mbd and link lengths from
1 - 2000 meters. It has been suggested [1,2] that for first
generation local networks, coax-compatible fiber optic LANs
will be developed and used primarily to extend link lengths
and provide noise immune transmission where required. When
higher speed (> 10 Mbd) communications requirements mature,
fiber will play a more central ' role. One forecast ' [3]
predicts that demand for fiber based LANs will exceed all
other LAN technologies as early as 1986. The contrasting
fiber optic equipment requirements different communications
needs are included in Table Cc2 [1].

TABLE C2: CONTRASTING DATA COMMUNICATIONS REQUIREMENTS

Application summary

Link length (km) Long (>1.5) Low-moderate ( <2)
Data rate Moderate~high Low-high
Digital terminal hardware Complex Simple
Diversity of applications Low High
Disconnections and changes Low High
Design choices First generation: Second generation:
Optical source LDat iy = 850 um LEDat 4y = 1.3 um Light-emitting diode (LED)
Optical detector Silicon APD GalnAs p~i-n Silicon p~a or p~i~n diode (PD)
Multimode fiber design
Attenuation (dB/km) Low (<7 Low (<2) Moderate~high (5-300)
Bandwidth~distance (MHz-km) High (> 200) Moderate (10-200)
Numerical aperture (NA) Moderate (0.2) Moderate-large (0.2-0.5)
Core diameter (um) : Small ( <50} Moderate-large (80-400)
Optical connector loss (dB) . Low (0.5-1.0y Moderate (1-3)

Some of the problems in implementing a multiply-tapped bus
on fiber include:

o difficulty in launching adequate power

® receiver design constraints in implementing dynamic
contention protocols

o difficulty in fabricating low loss optical splitters and
couplers. Also, insertion of devices into the bus will
take the bus out of operation.

The lack of reliability, serviceability, standardization of
components and high cost of fiber technology due to the
newness of the technology make it somewhat less competitive
than coax for immediate application. Due to the ease of
designing point-to-point fiber connections, a ring-based
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BNR -~ Networks Technology . " OCTR 83-0003

system is well suited to implementation in fiber., While the
contention bus has received the most developmental attention
in the U.S., the ring has undergone much research in Europe
and Japan. BNR is currently involved 1in the design of an 80
Mb/s fiber ring LAN using short wavelength LEDs and PIN
detectors. The maximum loop length in this system is 10 km,
with a maximum of 256 nodes spaced at a maximum of 0.5 km
apart. A token pass protocol is used.

Ungermann-Bass has recently introduced Net/One, a fiber
optic local area network compatible with existing CSMA/CD
networks (e.g. Ethernet) [4]. With a BER measure at < 10-°7,
this system boasts double the Ethernet 500m link Llength.
With +the current system configuration (Figure Cl) and a
receiver sensitivity of -43 dBm, up to 32 ports could be
configured at a node separation of 2.2 km.

FIGURE Cl: NET/ONE FIBER OPTIC LAN

UNGERMANN -BASS COOENOLL CODENOLL UNGERMANN ~BASS
NETWORK INTERFACE OPTICAL ETHERNET OPTICAL ETHERNET NETWORK INTERFACE
UNITS TRANSCEIVERS aPSéEﬂCTOTRRHBgsLS‘;N . TRANSCEIVERS UNITS
AN 1SSy
CODENET CODENET
N2 ™ 20208 STAR 2020R N

COQENET

NIy 2 2020R Ny 2

SIECOR FIBERLAN
4—~s OPTICAL CABLE & ———%
CONNECTORS I

- A!;;g

TERMINAL UNDERMANN -8ASS -
\ETWORK CONFIGURATION TERAINAL
FACILITY

=== 2 FIBER JPTICAL CABLE WIRE
nosT —_— g ==

Configuration of Siecor, Codenoll, and Ungermann-Bass’ Fiber Optic

Net/One N
Transmitter output power “*~5 dBm, worst case
Receiver sensitivity for 107 2BER -32 dBm
Cannector loss, 1 dB/connettor . 4 dB total
Transmissive star loss 10.5 dB, worst case
Fiber loss, 2 x 500 meters . 6 dB
Margin* 6.5dB
Total available system gain 26 dB

*Note: given a margin of 3 dB, a 16 port star couid be used with the present equipment,
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Other possibilities for networks utilizing fiber include a
switched star fiber LAN utilizing TDM~PAM, based on a broad-
band analogue optoelectronic PBX [5].It has been suggested
[6] that TDM may be the simplest medium sharing scheme where
there is sufficient bandwidth to implement it, as 1is the
case with fiber. 1In the example network, voice and data up
to 64 kb/s or 100 kHz could be switched, in .addition to
standard VHF-TV channels. A summary of existing (1982) fiber
optic based LANs can be found in [7].

A thorough review of fiber optics applications to LANs was
recently conducted within BNR. The major observations and
conclusions include:

1) Fiber cable 1is the most expensive item in networks over
about 500m, thus the cost of cable suitable for
intra-building communications must come down to below $1/m.
This cable must be easy to install and meet safety and
mechanical specifications appropriate to inexpensive
in-building distribution.

2) Receiver circuitry is liable to be a high cost component
in several LAN applications., A streamlined design in a cheap
and easy to connect package is necessary.

3) Active (regenerating) nodes are attractive due to the

'unlimited' number of nodes which can be accommodated.

In conclusion, point- to~p01nt LAN systems are the easiest to
implement 'with fiber optic technology. Low cost components
are available today, and nodes for 20 and 80 Mb/s fiber
optic systems can be obtained for about $70 and $125 respec-
tively, based on off-the-shelf components. Several manufac-
turers have already committed to fiber optlc LAN
technologies, in an effort to provide what they view as the
most viable long term strategy for local area networks.
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APPENDIX D: SYSTEM COST INFORMATION

Cost details for the access systems are included 1in this
appendix. These costs are BNR estimates, and do not imply
the price commitment of any particular manufacturer unless
specifically noted.

ACCESS SYSTEM FACILITIES COST ( 1983 %)

COAXIAL CABLE (FEEDER AND DISTRIBUTION)

CABLE COST $ PER METER

SIZE MATERIAL  LABOUR TOTAL

257 2.50 3.75 6.25
0.5" 1.60 2.40 4,00
0.412 1,20 1.80 3.00
RG59 0.25 0.35 0.60

EQUIPMENT ( 400 MHz, 1-way ) COST

MATERIAL LABOUR TOTAL

TRUNK AMPLIFIER 2000 1000 3000
BRIDGING AMPLIFIER 2300 1260 3500
LINE EXTENDER 460 230 690
MULTITAP 30 30 £0

ACCESS SYSTEM FACILITIES COST (1983 $)

PAIRED COPPER (FEEDER NETWORK) ) ‘ $/PAIR
DISTANCE BAND (KM) 0-2 2-3 3-4 4-8
AVERAGE DISTANCE 1 2.4 3.4 5
WITHIN BAND (KM)
MATERIAL 30 70 160 180
LABOUR 40 100 | 140 270
TOTAL 70 170 240 450

NOTE: DISTANCES REFLECT GAUGE CONSIDERATIONS

DISTRIBUTION: AVERAGE DISTANCE SOO_METERS OF
28 6 AT $20.00
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ACCESS SYSTEM FACILITIES COST ( 1983 %)

. DBASED ON THE ESTIMATED COST OF PLACING 24 FIBER CABLE

. FIBER CABLE CONTAINS 2 COPPER PAIRS

. COST PER FIBER - KM MATERIAL : $ 460
(VOICE/DATA, LABOUR [conputiT]: $ 110
AERIAL|{: $ 75
BURIED|: $ 115
. FIBER CHARACTERISTICS 830 nM 1300 NM
ATTENUATION (DB/KM) 2,5 0.9
October, 1983 (95)
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ACCESS SYSTEM FACILITIES COST ( 1983 3 )

DS-1  ACCESS USING FIBER FACILITIES
END-TO-END BUSINESS APPLICATIONS
APPROXIMATE REACH 12 KM

E/O EQUIPMENT COST PER DS-1 (BOTH ENDS)

TERM. BIDIRECTIONAL F}BER SYSTEM TERM.
EapT. DS-1 RATE EQPT.
MATERIAL LABOUR TOTAL
E/0 TX/RX ' 1200 200 1400
-~
. SHORT- LED

. APD DETECTOR

. WDD
. CONNECTOR ‘
. ADDITIONAL ELECTRONICS 700 " 100 800
* EXCLUDING FIBER AND TERMINATIONS TOTAL % 2200
October, 1983 (96)
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ACCESS SYSTEM FACILITIES COST

1986 PROJECTED COST FOR VOLUME PRODUCTION ( 1983 $)

DIGITAL FEEDER LINK FOR MULTIPLEX REMOTES
APPROXIMATE REACH 10 KM

BIDIRECTIONAL FIBER SYSTEM
c.0. . IREMOTE

40 MB/s

E/0  EQUIPMENT (BOTH ENDS)

MATERIAL LABOUR TOTAL
E/0  TX/RX , ' 1300 200 1500
LONG = A LED
PIN DETECTOR
WDD
CONNECTOR
ADDITIONAL ELECTRONICS 130 20 150 -

TOTALs 1650
* EXLUDING FIBER AND TERMINATIONS

October, 1983 (97)
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APPLICATION BIT 1983 1990 COMMENTS
RATE (Mb/s) (SMALL QTY) (VOLUME
PRODUCTION)
Broadcast § 90 10 2-3 . Simple technique to
Progran 45 40 - S0 10 ~ 12 reduce from 112 Mb/s.
Production . More sophisticated (e.g.
20 - 30 adaptive DPCM)
CATV 90 8 - 10 2-3 . See above
4s 20 §-6 . Can use relatively simple
coding (e.g. l-dimensional
D)
Video 1.5 200 60 = 70 . Current coding techniques
. produce noticable picture
Conferencing quality degradation, Next
generation (2 years) will
improve,
750 kb/s ? . More complex coding
256 - S00 Xb/s ? . Special applications only
' -

General Comment:

October,

Progress in Custom

VLSI development and product automation

could substantially reduce costs projected (1990)

1983
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APPENDIX E: VIDEO SWITCHING TECHNOLOGIES

Various technologies have been reviewed for application to
video switching, including reed relays, solid state devices,
and optical switching. The system objectives are a signal

. bandwidth up to about 100 MHz with isolation ranging from 50

to 100 4B at 100 MHz.

Commercially available reed relay switches have bandwidths
extending from DC to over 100 MHz with an isolation of about
110 dB at 100 MHz. Large arrays comprising 3200 crosspoints
are currently offered at a cost of about $70 per crosspoint.
High power consumption and large sizes are the disadvantages
of this switch. Since reed relay technology 1is relatively
mature, it 1s unlikely that the price will decrease with
time or volume production.

Solid state devices such as FETs can be applied to both
analog and digital switching. An isolation of 57 dB is
attainable at 100 MHz if 3 FETs in a T-configuration are
used at each crosspoint. The cost today for a JFET switch is
$10,450 for a 15 input, 10 output switch with remote
control, built-in power supply, etc. (i.e. $70 per cross-
point in low volume).

Another attractive solid state technology is current mode
logic (CML) or ECL. A 4x4 CML IC switch has been fabricated
by NTT and Fujitsu. A digital 97.58 Mb/s (NRZ) color video
signal has been switched using this device with no visible
picture degradation. It appears that a high bandwidth switch
using ECL is realizable, although at this time no design
exists.

There are a number of optical switching technigues being
explored. Many suffer from high insertion loss and crosstalk
due mainly to problems in accurate alignment and power
coupling. Among the more recent publications, the
electro-optic switch [1] is quite promising. Basically, an
electrical signal drives an LED, which is directed to 7
output PINs by a power splitter. The PIN detects the signal,
then converts it back to an electrical signal which 1is
amplified and distributed to the subscriber line. The basic
configuration of the switch is a 1x7 matrix, which can be
stacked to form larger arrays. The performance character-
istics of this switch are suitable for video transmission,
and in fact both analog and digital signals can be switched.
The switch is currently priced at $150 per crosspoint, but
for volume production in 1990 it is projected at $18 per
crosspoint,

October, LY83 (99)




1,

l

BNR - Networks Technology ) - OCTR 83-0003

A promising 4x4 electro-optic switch has also been developed
(2]. Intended specifically for multimode fiber applications,
switching is done via controlled reflection from two layers
of nematic crystal. The novel matrix architecture provides
low levels of optical crosstalk (>53 dB), and the switch has
a bandwidth estimated at 300 MHz. The insertion loss for
this device is about & dB.

In general, further R&D work 1s necessary in order to imple-
ment a large size video switching array. Detailed examina-
tion of the alternatives is required, and factors such as
power consumption, size etc. must be carefully evaluated in
order to optimize the switch design.
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(1) E.H. Hara, R.I. MacDonald "A Broadband Optoelectronic
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