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DWDM Digital Technology
wn the Return Path

he cable plant is fast chang-
ing into a two-way nect-
work. The cable plant has
always had a forward band

: : and a return band, but up
until recently, the return path bandwidth was
not utilized completely. The return band was
used for monitoring the network and providing
minimal services to the end user. Now, with the
cable plant transforming itself into a truly bi-
directional network carrying information and
content in both directions to and from the end
user, the demands on the return path are
increasing. Applications requiring more band-
width and better performance in the return
path are on the rise. IP telephony, cable
modems, high-speed Internet access, and VOD
services are some of the applications requiring a
larger, more flexible return path. Without effec-
tive means, fiber count in the return path band-
width becomes a major issue, and a scalable
fiber aggregation solution is desired. At the
same time, with all applications not having

DWDM digital technology in the return plant
as the optimal solution for service providers.
Using digital optical transmitters and receivers
in the return path, it will be shown how return
path bandwidth can be doubled or quadru-
pled in a single point-to-point optical link.
Further applying DWDM technology, multi-
ple reverse path links can be combined over a
single fiber, and deeper penetration of fiber
into the plant can be achieved.

Digital Returp

A digital return optical link, as described in
this article, is shown in Figure 1. A 5-42 MHz
return path RF band is sampled and digitized
into a bit stream. A laser transports this digitized
bit stream over an optical fiber link to a receiver.
The receiver recovers the bit stream and extracts
the 5-42 MHz band. A

Using current technology and electronics, a
1.25 Gbps optical link is capable of transmit-
ting a single 5-42 MHz band over a single
fiber. Tt is possible to design a 1.25 Gbps opti-
cal transmitter to

R bigifa'lit'rénlémitté‘f .

replace an exist-
ing analog return
transmitter in a

node and a digi-

Figure 1: Reverse path digital optical link block diagram.

matured completely, and due to large costs
associated with upgrading plant, network oper-
ators want solutions that will incrementally
allow them to upgrade the existing plant with
minimal swap out of legacy equipment.

This article discusses the incorporation of

tal receiver to
replace an ana-
log return path receiver at a hub or headend.
The advantage this digital link gives over an
analog link is that the digital link can operate
over long distances without degrading link
performance. An analog link’s CNR will
degrade with increasing optical distance. A
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digital link’s CNR will remain constant over
the complete optical link budget and will yield
a larger link budget in comparison to analog.

With the digital and optical technology
available today, a 2.5 Gbps optical link is
capable of transmitting two 5-42 MHz bands
over a single fiber yielding twice the return
bandwidth, but without degradation of link
performance, in comparison to a 1.25 Gbps
digital link. One such' transmitter can be
designed in the same package as an existing
analog transmitter.

In a node that can accept two reverse path
transmitters, it is possible to replace the analog

that are experiencing exponential growth.
This demand is leading to a constant improve-
ment in the technology and reduction in cost
of existing technologies.

DWDM Digital Return

This section will discuss how digital rerurn tech-
nology, combined with DWDM optics, will pro-
vide greater incremental growth and penetration
of the return path plant. Digital return transmit-
ters can be designed to operate on different 1TU
channels of the 100 GHz or 200 GHz grid. An
optical multiplexer (mux) can combine groups of
2,4, 8,12, 16, 24, or 32 channels on to a single

Hub

' Néde —

~> Node

Figure 2: Optical node to headend reverse path link with N-channel DWDM digital transmitters at the hub.

transmitters with two 2.5 Gbps transmitters:
one transmitter operating at 1310 nm, and the
other transmitter operating at 1550 nm. The
outputs of the two transmitters can be com-
bined and transported over a single fiber. At the
receiving end, WDM filters can separate the two
wavelengths and route them to two separate 2.5
Gbps optical receivers. The result is four times
the analog return bandwidth over a single fiber.

This demonstrates how, by using digital
rechnology in existing plant, service providers
can incrementally increase return path band-
width fourfold without having to lay more
fiber: Digital technology also allows service
providers to drive fiber deeper and deeper
into the network. The digital technology used
in these transmitters and receivers is also wide-
ly used in other telecommunications netiorks

fiber for transmission to hubs or headends where
a demultiplexer (demux) can separate cach of the
channels and route them to receivers. This can
allow network operators to transport up to 32,
5-42 MHz return bands using 1.25 Gbps DWDM
transmitters and receivers over a single optical
link. Using 2.5 Gbps DWDM transmitters and
receivers, up to 64, 5-42 MHz return bands can be
transported simultaneously over a single fiber.
Figures 2 and 3 show two basic network
architectures deploying N-channel DWDM
digital rechnology in the return path. Both fig-
ures describe return links from optical node to
a hub, and then on to the headend. In Figure 2,
the optical node to hub optical link may be
analog or digital. The transmitter in each node
carries the return path signal to a receiver in
the hub. At the hub, the received optical signal
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is converted back to RF and fed back into a
DWDM digital transmitter. Signals from multi-
ple DWDM digital transmitters are multi-
plexed together and transported to a headend,
where a demux separates individual wave-
lengths and sends them to digital receivers.
This architecture requires a well equipped, and
monitored hub housing a lot of opto-electron-
ics. It allows for incremental reverse plant
expansion at the node and the hub. In a net-
work where the node to hub link is digital, it
may make sense to not go back to RF at the

o THE BROADBARN

hub with expensive opto-electronics. The
DWDM digital nerworks shown here are only
two basic functional nerworks, which show
tremendous potential for reverse path expan-
sion without having to obsolete existing equip-
ment and lay new fiber. Other star and ring
ropologies can be constructed to enable optimal
network design, keeping future expansion, cost,
redundancy, and link protection in mind.
Extremely long link capabilities are possible

with the use of APD receivers, 1550 nm source
lasers, and EDFAs.

" Hub

Figure 3: N-channel DWDM digital reverse transmitters in optical node to headend with optical multiplexing at hub.

hub receiver. The receiver at the hub will
recover the digitized bit stream from the
received signal and send it on ahead to the
DWDM digital transmitter without converting
back to RF. This will result in improved link
performance from end to end and reduce cost
of the receiver and trapsmitter at the hub.

The network shown in Figure 3 incorporates
digital DWDM technology at the node. The
transmitter in the node is a DWDM digital
transmitter operating at a specific wavelength in
the 1520 to 1565 nm optical band. The hub
location contains only a passive optical Mux,
which aggregates the different DWDM chan-
nels coming in from remote node locations on
to a single fiber for delivery to the headend.
This solution is more cost-effective than that of
Figure 2, because it eliminates the need for a

Conclusion
Existing network service providers with legacy
reverse path plant and alternate service providers
building new plants have an optimal solution in
DWDM digital technology for reverse plant
installation and expansion. The flexibility of this
technology will allow for incremental expansion
of the reverse path withour costly upgrades
requiring swap out of equipment. The same
technology can be applied to 5-65 MHz return
plants, too. Most of the digital hardware and
optical passive components are widely used in
many other communication systems. This is
resulting in reduced costs and constant improve-
ments in technology. In addition, as the forward
path HFC plant migrates to digital, the reverse
path will already be state of the art.
Niranjan Samant, Sentor Engineer
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Help Ease Customer Frustration

By Tor;\y Ghaffari

If you're not teaching
your broadband ihstallelr‘s
and technicians about
home networking, you're
already behind in today's

competitive market.




Cable customers are much more
data savvy than they were 10years
ago. It's not uncommon for a broad-
band technician to arrive at a cus-
tomer's home to install a cable
modem and. discover a network: with
a hub, a router or even a server-al-
ready installed. .
Of course, most cable operators .
don’t support such home networks:
They require that the technician sim-
ply tell the customers that they have
to make the connection between the
cable modem and the network them-

selves. Iﬁ, fact, in my own recent expe-
"rience, the technician handed me the
modem, the cable, the network inter-
face card (NIC) and the work order, .

and said 1 had to do the install myself. .

This took me the better part of a'day,
because [ was missing some essential
network parameters. v

But, wouldn't it be nice if your tech-
nicians knew how the cable modem
should be connected within a home
netwérk, and what role the different
network components play? As the -
technicians are your directors of first
impressions, it’s essential that fthéy
have a basic understanding of home
networks so that they don't appear
completely intimidated. Plus, there is
critical information they'll need to
provide so that the customer may
complete the installation successfully.
Let’s look at some common home net-
work configurations.

UWhat is a home network?
Internet and data are the fastest
growing of all broadband services.
More people are working {rom home,
and more students are using comput-
ers for homework and research, not to
mention online games. Not so long

ago, a computer in the home was a
luxury. We are now finding multiple
computers in the home. But, cus-
tomers still are reluctant to spend
money unnecessarily. Instead of
spending hundreds of dollars on sepa-
rate peripherals at each computer
(like printers, scanners, CD-ROMs
and even modems), they are finding
that a low-cost alternative is a high-
speed home network. The home net-
work allows each user to share all the
resources on the network.

The most basic home network re-
quires two computers, each with
a NIC, and a crossover network
cable to connect them together.

In a simple home network,
each computer and its devices
will be connected o the net-

work through the hub (see Figure 1,
page 124). The hub simply passes all
the network information to all of the
computers. It is the job of the NIC 10
capture only the data designated for

that particular computer. The comput-
ers on the network are all assigned a

unique, Internet protocol (IP) address.

EY

This address is used by the NIC at
each computer to identify what data
to capture and what data to ignore.

Every computer on the Internet,
just like the home newwork, has a
unique 1P address which is used lor
routing. No two computers on a net-
work or the Internet can have the
same 1P address because conflicts
would occur. Certain blocks of 1P ad-
dresses have been reserved for private
networking and do not exist on the
Internet. The most common for home
use are 192.168.0.0 through
192.168.255.254.

With the home network, each com-
puter still needs a telephone modem
to access the Internet. Theoretically,
all computers could share one 56K
modem. In reality, the limited speed ol
the typical dial-up modem would be
too slow to allow sharing.

The cable modem’s role

A cable modem provides a connec-
tion to the Internet through the local
cable company. Most cable operators
supply and support everything need-
ed for one properly operating com-
puter to access the Internet through
the cable modem. Assuming all of
the cable (RF) connections are made
from the tap to the ground block, an
additional coaxial line is installed to

L4 )
> | How Do You Support
- | Home Networks?

With the proliferation of personal
computers, home networks are be-
coming more common. When
your technicians arrive at a cus-
tomer’s home to install a cable
modem, they may discover a net-
work with a hub, router or even a
server already in place.

There are three basic types of
home networks that technicians
may encounter: those with a hub,
those with a router and those
with a server.

Unfortunately for the customer,
most cable operatdrs don't support
such networks. While they allow
customers with networks to access
the Internet through their modems,

technicians aren’t allowed to install
those modems in home networks,
nor do customer service representa-
tives support them.

Because many technicians are
not trained to understand the basic
components of home networks,
they may appear intimidated to
customers, and may fail to give
customers the network parameters
they must have 1o complete the in-
stall. Customers need information
concerning computer name, co-
main name, proxy server, mail
server, news server and gateway in
order 1o get their modem up and
running. All of this information is
the same as it would be for a sin-
gle computer install and is avail-
able to the technician.




¢ computer. The cable modem is connected o the coax-
I cable. A NIC is installed in the computer and connect-
I'to the cable modem by a twisted-pair cable with Rj-45
mncectors on both ends. Installing the soltware com-
ctes the process. The software conligures the computer
r networking with a cable modem.

During this confliguration process, the computer’s dy-
unic host conliguration protocol (DHCP) functions are
1bled. With DHCP turned on, the only information that

Vouldn’t it be nice if
sur technicians knew
naf the cable modem
wauld be connected
izhin a home network?"

ceds (0 be entered is a host name (and in some cases, a
omain name). The computer will then acquire all of the
equired parameters {rom the cable operator or Internct
ervice provider (1SP) and configure itsell. The software
Iso includes a Web browser and associated Internet ap-
Hications, plus help files.
lome networks meet
-zble modems

Most cable operators give their subscribers an option to
onnect additional computers to the cable modem for about
'5.00 each per month. This option requires a home net-
vork (see Figure 2, page 126). The hub is connected direct-
y to the cable modem and each additional computer is
ssigned an 1P address by the cable company. Customers are
Mowed 10 connect up to three computers in this manner.

Some subscribers prefer not to pay the additional $5 a
nonth, or they may need to connect more than three com-
>uters to the cable modem. Two options are available to

Home NETWORK

Hub
bl
5] [Go06a5] 55"

192.168.1.100

" Scanner
Workstation

192.168.1.101 Laser Printer

Workstatlon

e e————

192.168,1.102

"

Laptop computer

them: dedicate one computer {a server) o act as a router
(see Figure 3, page 126), or install a dedicated router (sec
Figure 4, page 126).

The server configuration requires the computer to be on all
the time the home network is active because it serves as the
interface or bridge between the home network and the wide
area network (WAN) or Internet. Additionally, this computer
needs two NICs, one to connect to the cable modem and the
other to connect Lo the hub (home network). The hub then
sends all data to all computers. Some may see this as a reduc-
tion in the overall speed of the network because all network
traffic is sent to every point in the network, thus sharing the
network capacity among all computers.

The router configuration is probably the better of the
two options. A four-port router costs about $200, and
does not need a hub because {our computers may be
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connccted directly to it. The router
also is intelligent and “routes™ data
only o the destination computer. If
a one-port router were installed, it
would need to be connected to the
home network through a hub. The

router also may integrate firewall ca-
pabilities, which are an additional
software cost with the server conlig-
uration.

On the Internet or wide area net-
work (WAN) connection, the router

takes on the identity ol a computer,
which the cable company has autho-
rized for use with the cable modem.
On the port connections (home net-
work side), the router acts as a
DHCP server and assigns 1P address-
¢s to the network computers con-
nected 1o it

Information requests {rom the
user’s computer are routed through
the server or router to the cable
modem. The responses from the In-
ternet are routed back from the cable
modem through the server or router
o the requesting computer.

After contacting several cable op-
erators, it seems that all of the con-
figurations discussed are allowed,
but gencrally are not supported by
technicians or customer service reps
That's not surprising really, as a
novice could go to Best Buy Lo pur-
chase the equipment needed for a
home network, not know how to in-
stall it, and spend hours on the
phone with your call center uying tc
figure it out.

But, those customers will need in-
formation that the technician has in
order to complete a cable modem in-
stall. Rather than implementing a to-
tally hands-off policy regarding home
networks, it would be beneficial to fa
miliarize your technicians with the
information they'll need to give the
customer. All of the information is
the same as for a single computer in-
stall and includes: computer name,
domain name, proxy server, mail
SEIver, news server and gﬂ[@\\’ﬂ)’.

While you may not yet be ready to
support home networks, the growing
proliferation of such networks makes i
essential that broadband technicians
can intelligently provide users with the
network information they need to com
plete the modem install. And, it will
enhance your customer service. &y

Tony Ghaffari is manager of applica-
tions engincering and training for C-
CORet. He may be reached
aghaffari@c-cornct.

Did this article help you? Let us know
your thoughts. Send an c-mail to
jwhalen@phillips.con.
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ASP service model

The ASP service model is “one-to-
many.” Applications run in a nctwork-
hosted environment, serving a
dispersed customer base. Initially, the
ASP service model targets the small-
and mid-market business customer
segments. However, the large business
segment also is showing interest, and
in the lower part of the spectrum,
home-based businesses may quickly
become one of the key segments bene-
fiting from this model.

There are many reasons why the
ASP service model is quite compelling,
A partial list of these benefits include:
+ Access to enterprise-grade applica-
tions and information technology
(IT) resources at a lower price;

The shifting of large, unprediciable,
up-front capital costs to smaller, pre-
dictable, recurring monthly expenses;
Lower operational costs because of
smaller 1T staff focused on business
core competencies, longer equipment
life [eight years for thin clients vs.
three years for personal computers
(PCs)], reduced system downtime
costs and better overall utilisation of

specialised applications;

Sofltware rental for short-term
projects;

Access to the fatest application ver- -

sions;

Global access [rom anywhere, any-
time, on any device;
Muliiple “desktops” for both per-

sonal and business purposes;

» Reduced risk of virus propagation
and other sccurity threats; and
« Ability to quickly add new end-users.

Partnering to add value

-Given the nature ol the ASP con-
cept, the service model is structured
into the “layered” framework where
applications become services delivered
over networks (shown in Figure 2).  «
The lowest layer provides infrastruc-
ture such as data center facilities,
physical connectivity and data net-
working equipment, including routers
and firewalls. This layer is responsible
for maintaining expected levels ol net-
work performance, reliability and se-
curity. The next layer provides the ASP
platform and includes application-spe-
cific infrastructure, compulting re-
sources such as servers and operating
systems, data storage resources and ap-
plication management. Next is the ap-
plications layer where application
services reside. A professional services
layer provides application planning,
consulting and integration services.

The operations support system
(0SS) layer provides fault and config-
uration management, accounting, ap-
plication and network performance
monitoring and sccurity functions. It
also supports subscriber managenient
and customer care functions.

Service providers may partner with
others to support all these layers. For
instance, @ network service provider
(NSP) partner provides the networking

infrastructure. An independent soft-
ware vendor (ISV) partner provi([cs
applications and tier-two/tier-three ap-
plication-related customer care. An
ASP partner provides tier-1 customer
care and overall service management. A
professional services pariner provides
consulting, planning and integration
services. In some cases, an ASP may be
cross-selling services from other ASP
partners. In other cases, an ASP may
have a presence in an Internet service
provider (ISP) portal, allowing the ISP
to offer ASP services.
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> | Benefits of Network-Hosted Service Models
and Architectures :

« Shifts large, unpredictable, up-front capital costs to
smaller, predictable, recurring monthly expenses.

« Includes voice-enabled data applications that
take advantage of new programmable communi-
cations platforms.

» Emphasises application service availability via re-
dundancy and business continuity plans.

» Improves end-to-end security in cable networks.

* Enables more controlled application offerings for
better quality of service (QoS) support.

* Provides security and QoS in a coordinated way.

+ Simplifies end-user equipment to “multimedia”
user interface devices.

Target applications

The ASP service model initially targets business segments.
In particular, this model is attractive to small- and mid-tier
business customers because it provides access to enterprise-
class applications at a lower price.

Right now, business applications not requiring extensive
integration or software-code customization are the most suit-
able 1o offer with'the one-to-many ASP service model. Good
examples are desktop productivity suites, e-mail hosting,
Web hosting, calendaring, data warehousing, storage, virus
control and unified messaging. However, applications requir-
ing a higher level of customisation, such as e-commerce
hosting, electronic customer care (including customer rela-
tionship management), sales force automation and back-of-
(ice applications (for example, human resources, payroll,
supply chain management and electronic payment) are what

/

end-users are demanding the most from ASPs.

Initial service offerings are targeting traditional, data-
centric enterprise applications. A next step is offering voice-
enabled data applications that take advantage of the conver-
gence capabilities of new programmable communications
platforms. There also are opportunities in offering applica-
tion services to residential end-users. Some example appli-
cations include managed home-networking services, media
streaming and network-hosted games.

The ASP service model bundles network access, managed
network services and network-hosted applications as one
service. That gets complemented with ancillary services,
such as end-user authentication, application-usage reporting
and application monitoring. The advantage of providing
these value-added service bundles is a reduction in end-user
churn. This model takes service bundles to the next step in
the value chain. :

Service delivery architecture

The ASP service model dictates a service delivery architec-
ture. This architecture is client-server in nature, although the
functionality is distributed differently when compared to tra-
ditional “fat client” architectures. In a “fat client” architec-
ture, the client performs some processing and relies on
remote servers, il needed, to provide additional data or pro-
cessing functions. In the ASP service delivery architecture,
clients do not per{form any processing functions other than
presentation to locally display or “publish” remotely executed
applications. Clients only perform functions to display the
user interface of invoked applications. A specific protocol is
used between the client and server to carry keystrokes,
mouse clicks, and screen updates across the network.

As seen in Figure 3 (page 52), there are two variants of the
ASP service delivery architecture. One is Web-based, where
end-users remotely run applications on a Web server and as-
sociated backend servers. In this case, the hypertext transport
protocol (HTTP) is used between the browser client and the
Web server. The other architecture is thin client-based. In
this case, the end-user relies on a Citrix client to access net-
work-hosted applications running on Citrix-enabled applica-
tion servers. The server runs a multi-user operating system.
The remote presentation-services protocol used between the
Citrix-based client (browser) and the application server is the
Citrix Independent Computing Architecture (1CA).

Network functional architecture

Applications are hosted in server {arms running in data cen-
tres. Multiple instances of these centres are dispersed over a
geographic area to increase service availability and improve
application response times via load balancing. Backbone net-
work interconnectivity may be leased from a network service
provider. For improved performance, multiple private peering
connections from data centres to major Internet backbone
network providers may be coordinated to bypass.congested
Internet network access points (NAPs).

Given that the ASP service model initially offers business
applications, security is an important consideration. A lay-
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wred sceurity scheme covering host,
euwork, application and end-user (au-
‘hentication) security should be adopt-
:d. Another important consideration is
wplication performance, in particular
esponse times and packet loss. Re-
source management, including wraffic
nanagement to evenly distribute the
talfic load over the network and tralfic
shaping to enforce SLAs, plays a key
‘ole in supporting this. QoS treatments
we another part of application perfor-
nance and are based on application-
specific or end-user-specific policies.

Virtual private networks (VPNs),
roviding end-user access to network-
1osted applications, may offer the nec-
:ssary security, resource management
ind QoS treatments in a coordinated
vay. Thesc are “ASP value-added
/PNs” where VPNs complement ASP
ervice delivery offerings. A special
-ase of this is the offering of managed
Xtranet services.

Jata centres

The key goal of data centre facility
lesign is the optimisation of applica-
ion service availability. Meaning data
entre facilities need to be highly se-
ure and disaster-resistant. Data cen-
res consist of four basic elements:
pplication processing, data network-
ng, transport and operations.

Application and Web-server farms
un on shared or dedicated servers. Re-
lundant servers may be located at sep-
rate data centres and accessed via
nultiple network connections. This
nay be coupled with Layers 4 through
" (Web) switches to provide local and
listributed load balancing among
crvers. These Web switches monitor
server and application response times,

and network wtilisation. Web-caching
servers complement load-balancing
functions to offer Web access accelera-
tion services. Highly redundant data-
base clustering or storage area
networks (SANs) provide data storage
management services with fail-over ca-
pabilities. Firewalls, VPN gateways and
intrusion detection systems provide se-
cure access to applications. This may
include secure ID token-based end-user
authentication, host-based security and
router access control lists.

A core switch/router interconnects
components in data centres, providing
connectivity to the backbone network.
Multiservice access concentrators may
support dial-up and dedicated access.

0SS performs application monitor-
ing, management and billing. A cus-
tomer care gateway, or customer
network management (CNM) system,
allows end-uscrs to manage their ser-
vices online. With CNM, an end-user
may monitor network and server
availability/performance and enter and
monitor the status of trouble tickets.

Application architecture

The ASP service model is multi-
user and subscription-based, having
an impact on application design, as
network-hosted applications need
to be scalable and customisable
while keeping operational costs
down. End-users demand custom-
ised applications at a lower cost
than owning a fat PC-client. This
becomes more critical when ASPs
target business customers with pre-
mium applications while adopting a
commodity service delivery model.
One way of dealing with this is to
design applications end-users may

configure via templates or wizards.

Alternatively, ASPs could build li-
braries of [requent customised appli-
cation versions, although that
requires keeping larger inventories.

The ASP service model and archi-
tecture move application processing,
security and QoS to the network and
relays presentation functions to end-
user terminals. Security and QoS
treatments are needed to guarantee
proper delivery and application re-
sponse times, but these may be pro-
vided in a more efficient and simpler
way over the cable access network.
End-user equipment gets simplified,
meaning a reduction in truck rolls
and overall maintenance support.

There are challenges, however,
needing to be addressed. Depending
on the situation, the ASP service
model may require partnering with
other service providers to provide cer-
tain components. Meaning proper
smeasures need to be in place to guar-
antee the combined security and QoS
that satisfy end-to-end SLAs. Another
challenge is the definition of best
practices. Critical areas include: data
centre operations, network opera-
tions, client-server operations, appli-
cation management and monitoring,
and CPE management.

Other challenges include: designing
applications that run on distributed
nelwork.compu [iﬂg environments
under a service subscription model,
evolving data centre computing plat-
forms to support converged voice/
video/data applications and develop-
ing schemes allowing cable operators
to guarantee the required application
and network performance levels as
dictated by SLAs. €7,

Pablo L. Martinez is solutions manager
Jor Lucent Technologics’ Broadband Ac-
cess Group. He may be reached at
pablo@lucent.com.

This article is reprinted with permission
from the NCTA, and is based on a paper
Jrom the 2000 NCTA Technical Papers.

CTI welcomes your questions and
comments. Please send an email to
kmedonald@phillips.com.



A one-step cering tool

Techniques and

Troubleshooting Strategies

3y Mark Alrutz and Jim Crunk

As the race to upgrade

up,
craftsmanship  is

steps attention to
Impera-
Jve. We explain the best
nvay to prepare and con-
nectorise coax, and how
yOu can head off potential

Jroblems down the road.

Upgrade. This one simple word has completely transformed
our industry in the last few years. Neuworks are being re-
drawn, redesigned and rebuilt at an unprecedented pace o
[acilitate the many new revenue streams available, from dig-
ital video to high-speed data 1o telephony. In order to make
this happen, new testing techniques and technologies have
to be learned, all with fewer stalf and less time than ever be-
fore. This article addresses a foundational issue—coaxial
connectorisation, or splicing—that is more critical in today’s
broadband systems than ever before.

Craftsmanship in coaxial construction has always been
an area of concern, but one casily overlooked in the rush
of progress. We haven't heard ol a system yet that feels it
has reccived cnough training. Fortunately, coax has proven
to be a somewhat forgiving product. at least at lower fre-



.

Left: An installer uses an F-connector crimping tool to fasten an F-style
connector securely. )
Centre: Coaxial cable-cutters are used to cut the cable to length.

Right: A coring tool removes dielectric material, shielding and the jacket,
enabling preparation of the centre conductor.

quencies. A loose fitting here or there is a minor offence,
and doesn’t matter much at 450 MHz. In the US, the ad-
vent of stricter signal leakage requirements in 1990
brought a lot of issues to the forefront, but not all.

Today, with systems upgrading to 750 MHz and beyond,
craft issues that were once hidden, specifically splicing, re-
quire particular care and attention. A loose fitting or improp-
erly prepared centre conductor may induce frequency-
dependent loss into your system, and be difficult to isolate
and repair. We address this issue with a discussion of how to
properly prepare and connectorise coax, then how to trou-
bleshoot a frequency-response issue. Finally, we describe
some new advances that should help lessen craft-sensitivity.

Preparation and splicing

Proper splicing begins with proper preparation and a
simple review of critical elements. Before splicing, make
sure you have the correct tools. This includes a review of
tool sizes used, which may seem obvious, but could easily
be overlooked with many different cable types and sizes in
each upgrade. Make sure the tools are clean enough, and
check that they aren’t damaged or misaligned. These tools
include a coring tool, a file, a centre-conductor cleaning
tool, and wrenches sized f{or the connectors and cable cut-
ters. A hligh-torque, low-speed drill or a ratchet are op-
tional, but will speed up the process. Wearing safety
glasses and gloves is recommendled.

You will notice knives and"slip-lock pliers are not men-
tioned, simply because they should not be used. Knives
may damage cable components, leading to premature me-
chanical failure and high-{requency suckouts. Slip-lock pli-
ers may damage the connector and slip, which may lead to
damaged shrink boot or other problems.

Once the correct tools are ready, prepare the cable by
trimming it with the cable-cutters to a smooth, round
end. Straighten the cable slightly o ensure a better core.
For traditional cables, use a jacket-removal tool or one-
step tool to remove the jacket, and remove the flooding
compound as necessary. Low-loss cables often utilise one-
step tools that do not require jacket removal first.

Non-metallic
centre conductor
cleaning tools

)

Entry Body

Cutting Guide J l‘

L Entry Body

Clamp Nut J

‘J L. Centre Housing
Cutting Guide

Remove the proper amount of shield and dielectric with
the coring tool. Slide the cable into the ool until it stops.
With slight forward pressure, twist the coring tool—ei-
ther by hand or mechanically with the ratchet or drill—so
that the blade begins to strip and core the cable. Contin-
ue o twrn the coring tool until it spins freely—many
tools have a preset stop that requires no adjustment.



coss material being removed.
Top Centre: & nrep teol removes bonded dielectric
~atarial from the centre conducter.

Top Right: Rotating the jacket prep tool untit it
oins fresly ensures a goad canrection between
connecicr and shield.

Mear Bight: A pin-type conector is instalied in
three parts.

Far Right: The third part of the connector {the
~nsection) il connect the cable to a
distribution node.

Clean the diclectric and shicld residue from the ool to
help ensure the next cable you prepare will be correctly
cored as well. The key o proper coring is to et the ool
do the work, and do not perform sccondary operations
unnecessarily. This mayv be particularly tempting with
honded cables, which may leave a residue on the inside of
the shield. 1f the tool Teaves a residue, it is by design, and
should not be manually removed.

Getting Con
Systems operating at higher [requencies are more sen-
sitive than ever to craftissues, splicing in particular. A
loose or improperly prepared connector interface,
which was unnoticeable at 450 MHz, can causc a ter-
rible response problem at 860 MHz. The foundational
steps that can be taken to prevent these problems in

vour plant include:

» Using proper tools and procedures. This requires
time and attention to detail

» Following proper connector installation procedures.

« Utilising new available cable technologices. tools

and connectors,

! Troubleshooting and repairing frequency response
problems require systematic searching for the root
cause, followed by simple application of standard cralt
procedures. \While frequency-sensitive issues may be
difficult to trace, they aren’t ghosts and don't require
any new “rechniques” o address. Proper craltsman-

ship. consistently applicd. will climinate frequency re-

; sponse issues well into the future.,

Clean the centre conductor by using a non-metallic
cleaning tool. Score the coating on the centre conductor
at the shield and scrape it toward the end of the conduc-
tor. The conductor is clean il the copper is bright and
shinv. Do not usc a knife or other metal tool hecause it
may damage the copper cladding. Any residue left on the
cahle may cause [requency respousc issucs.

Generally, entry connectors come in a two-piece or three-
picce design. It comes down to personal preference as to
which onc you use. Tirst, slide the shrink wbing over the
cahle end. With two-picce entry connectors, install the entry
connector into the housing using 15 loot-pounds of torque.

Remove the clamp nut from the conncetor and slide it
over the cable until it bottoms inside the ferrule. Insert
the cable over the mandrel until it bottoms. Using a back-
up wrench, tighten nut fivmly 1o the positive stop or what
cever foot-pounds of torque the manufacturer recommends

Tighten the scizing device inside the housing for the eniry
connector terminal and install heat shrink if applicable.

Note: if you are using a heat-shrink hoot, apply the
flame carclully. Overuse of the torch may mele the cablex
jacket and diclecrric.

For three-piece connectors, start by installing the entry con
nector into the housing using 13 foot-pounds of wrque. Re-
move the clamp nut from the centre housing and slide icover
the prepared cable end. Install the heat shrink il applicable.

Remove the centre housing and msert it into the pre-
parcd cable end undl hottomed. Insert the cable centre
conductor into the entry body until it bottoms while
tightening the centre housing firmly against the positive
stop on the entry body or use the proper foot-pounds of
torgue the manufacturer recommends. Use a back-up

wrench on the entry body



Slide the clamp nut up to the cen-
tre housing and tighten firmly against
the positive stop. Use a back-up
wrench on the centre housing.
Tighten the seizing device inside the
housing for the entry connector ter-
minal. Now iU's time to install the
heat shrink il applicable. And again,
be carclul with the {lame around
the cable.

Troubleshooting frequency-
respanse issues

Proper craftsmanship will eliminate
frequency response concerns. Unfortu-
nately, older plant, particularly those
built by a variety of contractors, may
hold some hidden surprises. We have
found that trouble spots may be isolat-
ed by careful sweep techniques. Often a
frequency suckout, or “notch,” can be
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traced (o a single connector or splice
location by systematically moving {rom
the end of the line to the amptificr, one
tap at a time. This procedure is re-
quired because a troublesome splice
may project its [requency response
problem all the way through a tap run.

“The key to
proper coring
is to let the
tool do the
work, and do
not perform
secondary
operations
unnecessarily.”

In the majority of systems with re-
sponse issues, loose connectors
somewhere in the system most often
were found to be the cause of a fre-
quency “notch.” In other cases, im-
properly cleaned centre conductors
or connectors assembled from mis-
matched components were to blame.
In all cases, a properly prepared
splice, using recommended proce-

‘dures, corrected the issue.

Splicing advancements
Splicing tools have improved as sys-
tem demands have increased. New
tools often perform coring and jacket-
removal in one step. New connector
designs for premium cables, which re-
duce craft sensitivity in the critical
higher-frequency bands, also are avail-
able. Careful cleaning and tool main-
tenance are still required for proper
tool use. Proper care and craftsman-
ship, combined with these new prod-
ucts, will ensure solid high-frequency
performance for the future. Cr,

Mark Alrutz is director of technical
services for Commscope. He may be
reached at malrutz@commscope.com.
Jim Crunk is product marketing man-
ager for Thomas & Betts. He may be
reached at jim_crunk@tnb.com.

CTI welcomes your questions and
comments. Please send an email to
lkmcdonald@phillips.com.



By Jm Farmer

This month, we offer part two of our series on return loss, an often

misunderstood parameter.

the effect of reflections on digital and optical signals.

In the digital world, it is convenient to
look at the time domain effects of the
reflections. Assume the same conditions
as in Figure 2 of last month’ install-
ment. Figure 1 shows a constellation di-
agram for a quadrature phase shift
keying (QPSK, also known as a 4 quad-
rature amplitude modulation signal
with a reflection!). The constellation di-
agram is developed by plouting the loca-
tion of many data bits on a diagram in
which the radius from the centre is pro-
portional to the amplitude of the signal
during that bit. The angle from the
X-axis represents the phase of the sig- -
nal during that bit.

If a bit appears in the correct quad-
rant, it will be interpreted correctly re-
gardless of where it appears in the
quadrant. If a bit crosses either the X—
or Y-axis, it will be interpreted incor-
rectly. In QPSK, the decision threshold
is at the quadrant boundary. In Figure
1, the reflection is about ~12.3 dB. With
QPSK, there would be no problem with
this amount of reflection.

Figure 2 shows the same amount of
reflection for a 16 quadrature ampli-
tude modulation (QAM) signal. With
16 QAM, we have twice as many
states on each axis. With more states,
the decision thresholds are closer to-
gether. They are seen in the figure as a
series of horizontal and vertical lines.
Note: A complete second constellation
exists around each point, which is .
caused by the reflection. Some of the
reflected bits cross a decision thresh-
old, so there will be bit errors as a re-
sult of the reflections.

If we were transmitting higher or-
ders of modulation, such as 64 QAM
and 256 QAM, the problem would be
more severe. In order to allow these

]

higher orders of modulation to be suc-
cessfully transmitted, the receivers use
adaptive equalisation. Adaptive
equalisers delay the signal by the
amount of the reflection, then subtract

IN this installment, Jm Farmer looks at

A FEFLECTION-ON A
QPSK SenaL

that delayed signal from the non-de- L o .
layed signal to cancel the reflection. . : .
- f reflection
. : ! puts 8 bit over
Uptlcal return IUSS Quadranc Il | Guadrant | or neze the
Optical systems have other re- threshold Guadrant fil] Guadrant IV decvsmr! thresh-
- ) old, a bit error
quirements for return loss. Consider results.
the operation of a laser transmitter. ) )
The transmitter works by varying the ° . °>

light power out of the laser accord-:
ing to the input signal. Most of the
transmitters used in cable television

Reflections cause a replication of
the consteliation about each data
point, rotated by an angle related
to the RF phase of the reflection.

are of the directly modulated type in

.
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REFLECTION FROM UPC" AND APC OpTICAL

1 ConnecTORS

UPC endface

Flat end: reflected light
is returned to source

AR B

APC endface

Angled end: reflected
light enters cladding

7

vhich the diode current is modulat-
ol with the input signals.

If vou have a situation in which
nergy is reflected back to a laser
lode, it may cause the laser wave-
ength o “pull.” This phenomenon
s like an injection-locking of a radio
requency (RT) oscillator. 1f you have
wer tried o operate two RF oscilla-
ors that have nearly the same fre-
juency of oscillation, you know that
{ power from one gets to the other,
he second will try Lo oscillate on the
requency of the first—but its own
requency-determining network is
rying to make it oscillate on a
slightly different frequency. The re-
sult is a lot of noise in the output.

The same thing occurs with the
ascr diode. The wavelength (recip-
‘ocal of frequency) changes slightly
~ith modulation. Normally, this

> | Return Loss

Return loss limitations on both
cnds ol a path effect a digital sig-
nal by creating a reflection of
that signal, resulting in potential
hit errors. Higher order modula-
tion techniques, such as 64
quadrature amplitude modula-
tion (QAM) and 256 QAM are
much more susceptible than are
lower order lechniques, such as
quadrature phase shift keying
(QPSK). Return loss problems in
optical paths often causes addi-
tional noise in the received sig-
nal. The cffect may be minimised
with proper connector cleaning,

doesn't cause problems. However, if
you have a reflection [rom the cable
back to the diode, the reflected sig-
nal will be of slightly dilferent wave-
length than the emitted wavelength
because of oscillator-pulling and the
rcturn delay of the reflected signal.
This may causc the laser to “pull” or
“chirp,” resulting in considerable
gxcess noise.

Another effect of reflection may
occur at the receiver. Receiver
diodes don’t have particularly good
return loss so they will reflect some
signal back towards the source. If
that signal is reflected again, such as
by poor return loss at a connector, it
will arrive back at the receiver de-
layed by the round-trip time. Not
only will the delay cause a reflection
with the {requency response and
echo errors shown earlier in Figure
2, but also the difference in frequen-
cy (becausc of laser chirp) will cause
a beat between the direct and re-
flected signals, again causing more
noise in the received signal.

From expericnce, we like to main-
tain the return loss of an optical
path handling lrequency multi-
plexed analogue signals above about

! For more information on interpreting the
constellation diagram, see this author’s digital
modulation series that appeared in Interna-
tional Cable magazine April-December, 1998.
Also, sec Chapter 4 of Ciciora ct. al., Modern
Cable Television Technology: Video, Voice and
Data Communications, ISBN 98-35328. This
book is available at www.mkp.com; www.
amazon.com; www.barnesandnoble.com;
and other outlets.

2 From Chapter 11 of the Cicioraet. al.
book referenced above.

45 dB. This will prevent reflections
from causing problems. Because
practical optical links have several
connectors, the primary source of
reflections, we like to maintain the
return loss of any one conncctor
pair in the mid 50-dBs. This return
loss is possible with good connec-
tors and proper cleaning.

The selection of a conncctor type
is important. & few years ago, ultra-
polished connectors (UPC) were
popular, and looked good when per-
[ectly cleaned and mated. However,
when connections are not properly
cleaned, return loss degrades signifi-
cantly. For this reason, angled pol-
ished connectors (APC) have
become more popular. The angle
causes reflected light to enter the
[ibre-cladding where it is absorbed.
A perflectly cleaned APC connector
has more attenuation. When clean-
ing is less than perfect, however,
they degrade in return loss more
slowly than UPC connectors. The re-
turn loss degradation of a UPC con-
nector often outweighs the slight
improvement in transmission loss.

Figure 3 (page 40) illustrates the

.end faces of the two types of con-
nectors with the angle on the APC
endface2. The rellection into the
cladding makes the APC connector
motre immune to problems with
cleaning errors, making the connec-
tor less of a problem if it is untermi-
nated. In talking to colleagues who
do field service repairs, 1 found that
at least hall the ficld problems are a
result of poorly cleaned optical con-
nectors. You can save yourself a lot
of grief'by cleaning optical connec-
tors correctly. ©,

Next month: How splitters and direc-
tional couplers work.

Jim Earmer is chief technical officer for
Wave7 Optics. He may be reached at jo-
farmer@mindspring.com.

Did this article help you? Are there
other topics you'd like to scc covered in
this column? Please send an email to
lkmedonald@phillips.com.



Opportunities for

pplication Service Providers

in Cable Networks
Capture New Revenue Streams

By Pablo L. Martinez

The always on broadband access provided by

cable networks offers operators the opportuni-

ty to be applfcatiom service providers (ASPs). In

part two of our series on the relevance of the

ASP' model! to cable nmnetworks, we develop a

business case built upon the service models

and architectures introduced in'parét one.

Internet access for e-mail and Web
browsing is currently driving initia-
tives to upgrade cable plants to 1P-
centric platforms. However, the
flexibility and ubiquity of IP.tech-
nologies give cable operators the op-
portunity to offer new innovative
services not only to residential cus-
tomers but also to telecommuters,
small office, home office (SOHQO),
and medium business customers.
One example is application rental’
services, where end-users remotely
invoke features from applications
running on network-centric server
clusters (see Figure 1 on page 134).
This network-centric service

model simplifies end-user system re-
quirements and maintenance. It pro-
vides cable operators the
opportunity to offer application ser-
vices that take advantage of the al-
ways on broadband access that cable
networks offer. In this role, cable
operators become ASPs.

Market trends

According to the Yankee Group, the
ASP market will grow from $3.1 billion
in 1999 to $14.2 billion in 2003, (see
Figure 2 on page 134). According to
this {orecast, Web hosting and e-com-
merce are the key revenue generators.

A market segment of interest is in-

come-generating home offices. By
the end of 2002, IDC expects over
30 million U.S. home-office house-
holds with someone running a busi-
ness. About 8.2 million U.S.
households will be equipped with
cable modems, out of which 6.2 mil-
lion are expected to be home offices.
This represents more than 75 percen
of the cable modem customer base.
One of the elements driving home-
based businesses to access and have 2
presence on the Internet is that it
serves as a low-cost conduit for rev-
enue-generating opportunities such a
e-commerce. Also, the Internet is
quickly becoming a strategic portal



for business information and research,
cspecially for small businesses, which
tend to have a higher percentage of
knowledge workers. This type of cus-
tomer is cost sensitive, prefers to deal
with local service providers and ex-
pects high-quality customer service.
The ASP service model may help
cable operators satisly those needs.

Business case assumptions
A business case built around a sim-
ple scenario is presented in Table 1 on
page 138. A cable operator providing
traditional Internet access services to
residential end-users via cable modem
wanis to become an ASP. In this sce-
nario, the cable operator built a data
center capable of supporting a total of
50,000 end-users (20,000 end-users
subscribed to ASP services and the re-
maining 30,000 end-users subscribed
to regular Internet access services).
Another option would be for the
cable operator to have a third-party
service provider host the data center.
This option reduces up-front capital
outlays and allows faster entry into
the market. But, for the purposes of
the business case presented here, it is
assumed the cable operator builds its
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own data center. The rest of the as-
sumptions used to build the business
case are presented in Table 1.

The business case assumes that the
cable operator offers a simple set of
ASP applications. Basic human re-
source applications, financial manage-
ment, collaborative computing, sales
automation, groupware and e-mail all
are oflered as a service bundle.

In addition, a simple pricing plan

> | Revenue Opportunities in a
Network-Hosted World

Cable operators may increase their
revenue streams and attract new
customers by pursuing the appli-
cation service provider (ASP)
model. The ASP model also:

» Targets the growing home-based
business market segment with-
out the need to expand current
cable plant footprint

Helps overcome some of the up-
stream bandwidth limitations of
the hybrid fiber/coax (HFC)
plant

Enables the offering of higher
margin, converged
voice/video/data applications
and value-added service bundles
Shifts pricing models toward
subscription-based and transac-

.

tion-based schemes, thus gener-

is assumed based on flat user per
seat, per month [ees. More sophis
cated billing schemes are needed
support usage-based pricing eithe
the application level or at the trai
action level. Determining the cor
level of billing granularity depenq
not only on current technologica’
capabilities, but also on ASP busi
ness and service arrangements fo
the application frameworks. >

ating recurring revenues from
end-users

Promotes cable operators in th
value-added chain to differenti
ate from traditional Internet se
- vice providers (1SPs)

Creates opportunities to expar
and complement service portf
lios with professional services
Allows cable operators to partn
with other service providers an
add value to their service offeri
Increases end-user satisfaction
and retention via a growing se
lection of hosted applications
Adapts to end-users need to
switch services while still redu
ing end-user churn

Simplifies the process of addit
new end-users

Improves end-to-end security
cable networks

-

.




ASP pricing models

Figure 3 (at right) shows how ASP
pricing models may cvolve over time.
The diagram shows a shift towards
subscription-based and wansaction
models and implies that pricing mod-
els eventually may rely less on tradi-
tional software licensing.

The ASP scrvice model olfers appli-
cations 1o thousands of users on a
monthly subscription basis. This re-
quires adapting application-licensing
schemes to fit a dynamic recurring
monthly {ce model. One example is
soltware licensing utilities enabling
ASPs 10 provision applications for
rental without incurring up-front li-
cense fees. The software licensing utili-
v ncasures concurrent usage of
application sofuware, and the ASP
makes monthly payments to applica-
tion software vendors accordingly. This
utility may also apply tiered discounts
as the ASP’s customer base grows.

The {lat-rate pricing plan used in
this analysis is based upon application
types. The pricing criteria takes into
consideration application value and
application configuration time. Other
pricing plans are in use today, such as
charging according to server type and
configuration (shared vs. dedicated
servers). This type of pricing plan may
be broken down further into hardware
and maintenance fees. Another exam-
ple is charging according to end-user
access rights to application data (read-
only versus editing privileges).

Projected revenues

The ASP service model rests on a
pricing structure that generates
monthly recurring revenues indepen-
dent of the pricing plan used. ASPs
have opportunities to increase these

License
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1 g
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are emerging, creating opportunities
to expand service portfolios and offer
professional services. In fact, the ASP
service model allows ASPs to cross-
sell solutions from
other ASPs. The ser-

tion that there were no plans to expan
beyond the capacity of the single data
center deployed initially, and that ser-
vice pricing decreases as technology
matures. This means that after five
years of steady customer base growth,

“Miore sophisticated
billing schemes are
needed to support
usage-based pricing.”

either new data center facilities need ¢
be deployed or the capacity of the exi
ing center must be expanded. This, of
course, depends on the growth-rate

vice model simplifies
adding new end-users
as well.

In this business case

revenues. For instance, many cxisting
applications are being “ported” to net-
work-hosted environments. In addi-

tion, new network-hosted applications

example, gross revenues
will grow from $1.215
million in 2000 to $27.457 million in
2004 (see Figure 4, above). Alter the
fifth year, gross revenue begins to de-
crease. This is because of the assump-

profile assumed in the analysis.

Anticipated expenses

In terms of expenses, there are scv
eral elements that must be considere
One element is the cost of implemer



vy Jdata conter facilities and an im-
proved iernet protocol (10) infra-
structure. Storage Ccosts are
particularly imporiant,

Another clement is the cost of cus-
rmizing application sofltware. As
mentioned before, customized soft-
ware does not fitwell with the once-to-
many ASP service model. The time an
ASP spends customizing an applica-
tion for a customer is time that cannot
he applied 1o serving the needs of
other customers. Also, application
customization may increasc the time it
1akes 1o complete application software
upgrades. Applications must be de-
signed in ways that optimize their
customization capabilitics or at least
expedite the creation of librarics of
pre-customized application templates.

Other expenses include application
delivery costs, application service trial
costs, best practice implementation
costs, the cost of integrating new ap-
plications into existing scrvice bun-
dles and information technology (1T)
staff costs, such as hiring and waining.
in terms of 1T stall costs, the expensc
is spread over a growing customer
base, thus providing economies-of-
scale heneflits, 1T udlization is
“hursty” in naturc when dedicaied 1o
onc company. Once [T resources are
shared among muliiple customers,
their utilization increases and main-
1ains a more stable rate.

The towal expense results for the
business case are shown in Figure 5
(above). Expenses reach $2.011 mil-
lion and climb to $6.859 million in
2004, Again, alter the fifth year, the
expensc growth rate slows down con-
siderably, corresponding to the data
center reaching its maximum capaci-
ty at that time,

Cash flow analysis

Figure 6 on page 140 shows the re-
sults of the free cash-flow analysis of
the business case. Again, after the {ifth
year, cash flow decreases, given the as-
sumption that maximum capacity is
reached at that point in the data center
and there are no plans lor additional
growth. At the same time, annual ser-
vice revenues keep decreasing while
no additional investments are made. In
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Item Assumption

Market Size Assumptions

Initial footprint (.2, first year) 150,000 end-users

Growth rates 30 percent (years 1-3
25 percent lyears 4-6)

20 percent lyears 7-9)

General Assumptions

Weighted Average Cost of Capital (WACC) 12 percent
Terminal rate 4 percent
Tax rate 36 percent
ASP Service Penetration

Initial penetration 1 percent
Annual increass 2 percent
Maximum B percent
Churn Rates

Initial churn 12 percent

Incremental churn

C percent leconomically stable service arzal

ASP Service Pricing

Service revenue $150/month/subs
Annual increasa -55

Partner share 10 percent
Equipment Expense

CMTS (incremental ta support ASP subs) $150/sub

ASP equipment (1 data centar)

$1.7 mitiion {5700K for software, $300K for servers,
$400K for data networking, $300K for data siorage)

Data Center Expenses

Recurring expenses per year

$500.000 + 5 percent of gross revenug

Engingaring & design

$200,000 Hfirst year anly)

Billing and 0SS Expenses

Recurring expenses per year

$250,000 + 3 percant of gross revenue

Custemer Service & Support

Recurring expenses per year

$30 x average number of subscribers

Safes and Marketing Costs

Recurring expenses per year

$100K + ($130 x number of naw subscribers)

General & Administrative

RECUFFIHQ SXDENSES per vear

$500,000 + 3 percent of gross revenug

Installation Costs

Installer salary & benefits per year

$100K

Mumber of installations per technician per year

7.500




a more realistic scenario, the cable op-
crator may plan for growth of both the
customer hase and the service portfo-
lio. Also, technological advances that
will increase infrastructure capacity
and enable more profitable emerging
applications will occur.

Figure 7 on page 142 shows cumula-
tive discounted cash flow results of the
husiness case. With an initial invest-
ment of $2 million, a relatively simple
portfolio of application offerings and
limited growth planned, the business
case predicts more than $41 million in
10 years with the break-cven point
reached in less than three years.

The ASP service model and archi-
tecture provide cable operators the op-
portunity to differentiate from
traditional Internet service providers
(1SPs) and exploit their strengths in
offering converged service bundles.
This model moves application pro-
cessing, security and quality of service
(QoS) 1o the network and relays pre-
sentation functions to end-user termi-
nals. Security and QoS treatments still

316,000
[ =@ Free Cash Flow = | $13591  $13.585
$14,000-
m&m
$12,000 $11.504
/ §10736 ¢g o
$10,000

;/958,525

$8.,000- /
$6.000

“ $4.000- /
$3.282
$2.000 -
$39
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$12,000)

($(2‘81 2]
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are needed 1o guarantee proper deliv-
ery and application response times,
but these may be provided in a more
eflicient and simpler way over the
cable access network. End-user equip-
ment gets simplified, which results in

a reduction ol truck rolls and overal
maintenance support. '
The ASP scrvice model rests on
pricing structure that generates
monthly recurring revenues. It cre
ates opportunities to expand servi
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portfolios, offer professional services
and 1o cross-sell solutions {rom
other ASPs

There are some challenges, howev-
er, that need to be addressed. For in-

stance, more sophisticated billing
schemes are needed to support
usage-based pricing. The level of
billing granularity depends on tech-
nological capabilities, and the ASP

Jrom the 2000 NCTA Technical Paper:

Did this article help you? Let us lnow
your thoughts. Please send an e-mail |
jwhalen@phillips.com.
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anized and fair selection of service
nd conmectivity options.

While choice is to be commended,
hstacles loom large for cable opera-
ors. Many of the components needed
or an open broadband system aren’t
wailable. Some of these challenges are
leseribed in this article.

Bandwidth is scarce

As the model of open access gains
nore popularity, traditional broadband
yperators will grow ever more limited
1s they continue supporting analog
sideo along side new digital services.
This is because it is too expensive for
them to reclaim the bandwidth used
Oy these analog systems because it

10

10
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GURE 1 |MAUOR COMPONENTS OF OPEN ACCESS’

would require their analog customers
to return their set-top boxes in favor
of a digital sct-top (or equivalent).

In the meantime, new broadband
operators (perhaps those who have
overbuilt HFC to compete with tradi-
tional broadband operators) can maxi-
mize their use of the available
bandwidth without giving up some of
their best frequency spectrum to ana-
log services. Until traditional cable op-
erators can rid themselves of analog
video, new broadband operators will
enjoy a significant advantage. They
will have more than twice the avail-
able bandwidth (of traditional cable
providers) to deploy new services.

In contrast, traditional broadband
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operators must squeeze out cverything
they can from the new bandwidth
made available as a result of upgrades.
Thosec that have not yet upgraded can-
not offer any new services without
taking something away from their ex-
isting analog customers. Thus the
problem of getting rid of analog video
may slow or reduce the number of
services that can be offered in an open
access market.

Analog is inefficient

A customer watching a video pro-
gram on a 6 MHz analog channel
throws away the rest of the available
spectrum on a 870 MHz system. Mean-
ing, on an analog system if you are
watching a program on one channel all
the other programs running on other
channels are still being received—they
are just not being watched (tuned).
This does not take into account the in-
efliciency inherent in using a full 6
MHz for viewing a single video pro-
gram. Bandwidth needlessly is wasted
in analog systems, and this wasted
spectrum often is some of the best
quality bandwidth that broadband op-
erators have because it is usually the
least prone to interference.

In contrast, a higher quality digital
video channel requires only a fraction
of this bandwidth—as many as 16 dig-
ital channels could occupy the same
bandwidth as a single analog video
channel. Additionally, broadband op-
erators also broadcast channels that
are rarely watched. In fact, a high per-
centage (as much as 30 percent to 40
percent) of a broadband operator’s
content is viewed by less than 1 per-
cent of its customers. This is the result
of concessions made to obtain various
franchise agreements as well as how
certain video channels are packaged.

I[ progress is to be made in making
broadband more bandwidth efficient,
some mechanism is needed to distrib-
ute content only where it is sub-
scribed. Video-on-demand (VOD) is
the ultimate application of this, but it
is only designed [or single, well de-
fined programs and not continually
running events (for example, a 24-
hour news channel). Products are
needed to allow broadband operators



Lo route more content to each cus-
tomer or distribution hub rather than
hroadcast everything to everyone.

iresh content
Revolutionized distribution
Much of today’s broadband content
is replicated. Essentially, its the same
movies playing over and over again.
Very few cable channels actually main-
tain “fresh” (continually changing)
content—some cxamples of these in-
clude 24 hour news channels, sports
channels, etc. Oddly enough, most all
public broadcasting stations maintain
“relatively fresh” content—as one is
unlikely 1o see the same program twice
in one day or during the same week.
Service 'providers that just repeat
the same content over and over will
face stiff challenges from more di-
verse service providers that offer
{resh or personalized content on de-
mand. The advent and perfection of

‘iLidntil traditional

sperators can rid
shemselves of analog
sideo, new broadband
asperataors will enjoy a
significant advantage.”

VOD along with assembling exten-
sive libraries of popular movies will
decrease demand for long-standing
movie channel providers.

Customers want to watch what they
want when they want rather than
what is playing at specilic times that
may or may not be convenient—that
is the beauty of VOD. Although some
movie channel providers produce
some original content, it will be diffi-
cult for them to spin off as a separate
service provider organization or scll

their services directly to broadband
customers, because they do not offi-
cially own a majority of their content.
It is the movie-making companics
who are in the driver’s secat to make
their extensive archive of movies
available for VOD viewing. Such a ser-
vice provider would be attractive to
broadband operators and would per-
mit movie-making companies to di-
rectly sell their movies to broadband
customers. In the end, the number of
service providers that offers movies
would decrease or perhaps specialize
into genre specific focuses (sci-fi, ac-
tion/adventure, humor and so on). Re-
gardless, the content distribution
mechanism must be revolutionized.

Maximizing return on
Capital investments

Open access will challenge tradition-
al broadband operators’ ability to com-
pete with businesses that specialize in
providing information and entertain-
ment. Some new broadband operators
have already taken a more toll-road
type of common carrier approach as
the time required to turn profit on cap-
ital investments to launch new content’
services is growing out of control.

To address this, broadband opera-
tors may nced to create a separate op-
erating group that could sell its

: information and enter-
tainment services to
several broadband op-
erators. These new ser-
vice providers would
compete with other
service providers to en-
sure that broadband
customers receive in-
creasingly better ser-
vices and quality content. By doing
this, smaller broadband operators
could offer nearly the same content as
larger operators (depending on their
available bandwidth) without invest-
ing in costly capital equipment,

In this case, becoming a service
provider also is more attractive be-
cause a single capital investment can’
claim several income streams. Howev-
er, traditional broadband operators
only have considered providing open
access to the Internet. In the grand

scheme of things, open access is not
simply Internet access. Rather, open ac
cess means freedom for broadband cus
tomers to choose from a much broader
array of information and entertainmeni
services provided by a multitude of dif-
(erent entities. Open access for Interne
service is but a small step in this direc-
tion, and more steps are needed to real
ize its full potential.

Rock-solid reliahility

Before service providers can be suc-
cessful ysing broadband, the HFC net
work must be tight and ultra reliable.
By not having to seek new content
services, broadband operators could
invest more energy in scrutinizing
minute changes in the HFC network
in an effort to make broadband a very
reliable transmission media. However,
today’s operators are spread thin at-
templing to move new services onto
broadband, while building up com-
pletely new HFC maintenance and
network operations organizations. As

> | The Freedom of Choice

Although most of the atten-
tion on open access has focused
on high-speed data services, we
ought not to limit our thinking
to data. Open access means
freedom of choice for all types
of information and entertain-
ment services.

While open access promises
to bring nothing but good things
to customers, the challenges
faced by vendors and broadband
operators to implement it are
steep. Many of the components
required to completely imple-
ment an open broadband system
do not yet exist. In part one of
this three-part series, we explore
at some of the issues to be tack-
led before open access is a suc-
cess. They include:

« Scarcity of bandwidth

+ Inefficiency of analog video
« Freshness of content

* Distribution mechanisms

» Reliability of the hybrid
fiber/coax network




a result, HFC maintenance, automa-
tion, and staffing takes a back seat to
launching new services which are in-
creasingly dependent on a rock-solid
broadband transmission media.

While the broadband industry claims
geod network availability
numbers, they are not “five nines”
or 99.999 percent, let alone the old
Bellcore spec of 99.99 percent. There
also is some doubt about the accuracy
ol these numbers as explained in last
month’s article about customer premise
versus end of line monitoring (see
Communications Technology, November
2000, page 92). Essentially, a large pot-
tion of the HFC network is invisible to
hroadband operators. If it is invisible,
the availability numbers do not reflect
the health of the whole broadband net-
work but only a portion of it. Products
are needed that permit operators to
delve further into the inner workings
of their HFC networks and help them
detect, diagnose, troubleshoot, and cor-
rect problems belore they become ser-
vice impacting.

Pushing content to the edge
Another challenge with moving to
open access is the problem of provid-

ing readily available content. As the
network pipe that connects individual
users to broadband increases, the
availability of content at the net-
works’ edge becomes paramount. This
problem has plagued many popular
Internet sites as they quickly discov-
ered that providing a single web site
for the world to access is unachiev-
able. lnstead, the best method of pro-
viding content is to push it down to
the far reaches (or edges) of the net-
work so it can be cached as close the
customer as possible.

For broadband providers, this
means placing content in the head-
ends and distribution hubs. Tradition-
al broadband HSD actually was
designed with this in mind, placing
numerous Internet services extremely
close to customers. However, open ac-
cess may pull this content back away
from customers and place it at more
distant service provider facilities.
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For example, in order for multiplc
service providers to offer e-mail to
customers, each would need o place a
e-mail Server in every broadband opera
tors’ headend—an unlikely solutién be
cause broadband providers would no:
be willing to give up the {loor or rack
space to facilitate this (some don'’t eve
have the available space).

Pushing content further up from
the networks’ edge forces the rest o
the network to handle more capacit
while juggling critical service qualit
scalability, and redundancy issues.
a result, solutions are needed to en-
able completely open access to dil-
ferent service providers without
extending the content beyond its oy
timal reach.

All broadband providers can benefi
from open access because it allows
them to specialize in taking care of
their customers while managing thei
service providers, bandwidth, and ne
work reliability. Best of all, open acce
completes the vision of broadband b
placing new service activation on the
open market and making bandwidth
available for any new startup that
wants to become part of broadband.

Stay tuned...

Next month, we'll be back to ad-
dress the problem of managing the
connectivity associated with open ac
cess. We'll introduce some of the hu
dles that you'll nced o negotiate anc
how you can begin preparing for a

more complex infrastructure. G

Bruce Bahlmann is senior architect foi
Alopa Networks. He may be reached 1
e-mail at bahlmann@bigfootcom.

Did this article help you? Let us know
your thoughts. Send an ¢-mail to
Jjwhalen@phillips.com.
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quencies {e.g., the ETA channel plans).

Visit a large cable system headend and
chances are video, data and voice services
will be offered. Bur a closer look reveals that
these services are offered as “parallel net-
works” that take advantage of the chan-
nelization of the cable access network. Not
only do these services use separate channels
on the cable plant, they also require separate
sets of headend equipment. Cable operators
have to procure separate systems, imple-
ment separate training programs, and run
separate operations to offer these services.
So, while cable operators offer voice, data,
and video, they do so using three separate
“silos” (see Figure 1). Although the huge
bandwidth available on cable nerworks has
allowed this strategy to work, the resulting
amount of equipment and proliferation of
complex technologies in the headend is
growing to an unwieldy size.

The rapid increase in the amount of
equipment needed to offer these services
is a result of how the services evolved and
what the suppliers offered as solutions.
Voice and data have their own networks—
the public switched telephone network
(PSTN) and the Internet, respectively.
Suppliers created proprietary product of-
ferings to gain access to these existing
networks over the cable access network.
Back then, there was no universally ac-
cepted standard for two-way communi-
cation over the cable plant.

As a result, cable operators had to con-
tinually add more equipment to offer these
services. All of this new equipment, each
with its own complex technology, requires
more capital expense, more operations
expense, more training, more space, mote
air conditioning, ete. As will be introduced
now, for COmpE[i(iV& reasons, opcrators
should consider a strategy to reduce the
amount of equipment needed to offer
voice, data and video services.

Consumers are fickle. They want new
services, and they care neither who pro-
vides them nor what access technology is
used. In light of current and future com-
petition, cable operators need to offer the
most compelling services while maintain-
ing a competitive cost structuge. Cable
cannot continue to deploy parallel net-
works and proprietary products for each
new service. Parallel networks increase
both capital and operations costs.

Procurement |:]

Headend equipment and operator overhead

o
Gy, b

Figure I: Offering data, voice and video services through three separate “silos.”

Proprietary products limit both opera-
tors’ flexibility and the control they main-
tain over their networks and setvices.

This article proposes the further con-
vergence of DOCSIS- and MPEG-based
services. DOCSIS and MPEG have shown
that open standards facilitate both interop-
erable product development and competi-
tive cost structures from multiple suppliers.
Open standards also benefit suppliers by cre-
ating larger markets for their products.
Cable operators should consider taking
both the MPEG and DOCSIS efforts to the
next level by specifying a new standards-
based delivery platform that includes open
interfaces to both the access cable network
and subscriber equipment. This platform
will facilitate both rapid application and
service development and will lead to the
first true generation of broadband services.
To be complete, the proposal will also ac-
count for deployed legacy platforms and
strategies to transition to the new platform.

This new platform is developing now,
and uses DOCSIS as a transport mecha-
nism. Note: the author does not advocate of-
fering video services over DOCSIS. MPEG-
2 transport is the most efficient method
for delivering MPEG encoded digital video
on a cable plant (see sidebar below.) Rather,
this article advocates migrating set-top box
(STB) control to DOCSIS.

The DOCSIS data transport standard
is widely deployed in North America and

the world. PacketCable, another effort
underway at CableLabs, is reaching
fruition in its goal of offering voice service
over DOCSIS. The fact that data and
voice services will share a common trans-
port means they can use the same equip-
ment in the headend. This saves on pro-
curement, training and operations; hence,
the attraction of convergence. The in-
dustry should not pursue convergence
just for the sake of technology, but to po-
sition itself more competitively by lower-
ing capital and operations expenses.

With voice and data services converg-
ing over DOCSIS, the next area for study
is STB control. Here, STB control infor-
mation is considered to be anything oth-
er than analog or digital video. This in-
cludes conditional access (CA) informa-
tion, management and control messag-
ing, application data, etc. In most North
American deployments, STB control mes-
sages are carried on an out-of-band
(OOB) channel. While these STBs all de-
code the same standard MPEG pro-
gramming, the OOB transport channels
from the two largest STB suppliers do
not interoperate. The end result is that op-
erators are locked into specific suppliers,
which limits their flexibility and control
over their own networks.

E-mail: doug@yas..com l



2001: DOCSIS delivery platform

Cable has faced, and solved, similar sit-
uations with both data and voice products.
(nitially, there were proprietary offerings
from suppliers. These are now converging
over DOCSIS transport. Operators are
paining more experience with DOCSIS
cquipment and services every day.
Technically, there is no reason why STB
control messages can’t also be carried us-
ing DOCSIS transport.

Another note about the competition.
While DOCSIS has benefited the cable
industry, it has also benefited its com-
petitors. Modified DOCSIS technology is
in development by both satellite and wirc-
less providers for two-way access into
subscriber homes. DSL suppliers are
adopting DOCSIS-like processes to help
them finally converge on an interoperable
standard (see Figure 3).

Undike voice and video, the challenge of
migrating STB control will be the large
embedded base of STBs. By the end of
2001, there will be an estimated 10 million
deployed digital STBs using the legacy
OOB channels. Any proposal to converge
STB control over DOCSIS must address
this legacy issue. In fact, there is such a so-
lution. The legacy OOB channel will have
to remain on the cable plant, but it is nar-
row and already accommodated in the
spectrum allocation plan. The issue is with
the legacy headend equipment that will
need new interfaces to allow the control in-
formation to be dual-carried on a DOCSIS
STB control channel. Because the legacy
forward path QPSK channel is low bit

MPEG or IP?

Provisioning
system

Data,
voice,
STB control

Ve swnaiob ook

common platform

R
Ry R Wit -
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Figure 2: Converged DOCSIS delivery platform.

rate, it can casily be dual-carried on a 6-
MHz, 64-QAM forward path DOCSIS
channel, with many megabits of addition-
al capacity available to carry other interac-
tive application data. The legacy set-top
provisioning and conditional access sys-
tems (and hence the legacy STBs) can be
used with both populations of STBs as
long as the proper headend interfaces are
made available. These legacy systems cur-
rently perform both device and service

Should digital video be delivered over MPEG or over IP? This is a technol-
ogy choice. Broadly, MPEG-2 defines two technologies: First, a digital video
encoding/compression technique; and second, a method for data transport
over cable plant. MPEG-2 encoded digital video (ostensibly a form of data)
can be delivered over either MPEG-2 transport or by encapsulating that digi-
tal video in IP and delivering it over DOCSIS transport. Both work. That said,
MPEG-2 transport is the most efficient method for delivery of MPEG-2 encod-
ed video on a cable network. With MPEG-2 transport, there is less over-
head-which translates to more “bits” being available for content delivery.
Encapsulating digital video in IP is a reasonable way to deliver digital video
if that content is sourced on the Internet (e.g., Real or QuickTime) or from a
centralized data center that is connected to headends via a private intranet.
Conversely, MPEG-2 transport is most easily used for content delivered off
satellite or from a local server. Both technologies work for delivering digital
content and the proper choice depends on the context.

-DJ

provisioning. The device provisioning will
migrate to the already existing DOCSIS sys-
tems and the service provisioning systems
will need to grow anyway to support the
next generation of interactive services.

Another question is how to get DOCSIS
into new STBs. This issue will solve itself.
Most suppliers of advanced digital STBs
have announced plans to include DOC-
SIS modems in their products to support in-
teractive applications. Hence, these STBs
will easily connect to the same headend
equipment as the data and voice equip-
ment. But even with a DOCSIS modem in
the STB, the legacy STB suppliers contin-
ue to embed their OOB control mecha-
nisms. Most advanced digital STBs that
also include a DOCSIS modem will in fact
contain two cable modems. One modem,
generally either DAVIC (e.g., the Explorer
2000) or based on the ALOHA protocol
{e.g., the DCT-2000), is used for STB con-
trol. The second modem, DOCSIS, is in-
tended for interactive applications.

This business plan benefits the legacy
STB suppliers by continuing to embed their
OOB transport equipment. Additionally,
the cost of “two modem” next-generation
STBs are burdened with the additional mo-

dem. Going forward into a competitive en-
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vironment, operators may lack both the
flexibility and cost structure they might de-
sire. Suppliers will argue that their legacy
technologies work and are scalable. But asin-
gle-supplier solution lacks both the inno-
vation and cost structure needed when fac-
ing competition for subscribers.

Using DOCSIS for STB control, with
no legacy OOB channel, is in fact a reality.
Pace Microelectronics has shipped more
than 600,000 such devices and is continu-
ing to advance the product line. Philips is
rumored to be developing an “all DOC-
SIS” STB for another major European op-
erator. The STB services an operator would
expect, including conditional access and
“carousel-type” services, are included.
These STBs exist now and they do not use
the legacy out-of-band QPSK carrier for
STB control. Instead, these STBs use the
same headend equipment, including the
provisioning system, as both DOCSIS ca-
ble modems and PacketCable Media
Terminal Adapters (MTAs).

The move toward retail also makes a
strong case for migrating STB control to
DOQOCSIS transport, with respect to both
portability and cost. Most every North
American headend will deploy DOCSIS
transport for either data or PacketCable
service, or both. In contrast, the Scientific-

Atlanta and Motorola legacy STB trans-
port protocols are cach available in about
half the headends, and they are gencrally
mutually exclusive. Hence, a STB that
communicates over DOCSIS will be in-
herently more portable. The Point of
Deployment (POD) module, as current-
ly defined, was necessary to provide porta-
bility because generally only one of the two
non-interoperable STB transport proto-
cols is implemented in a headend. By mi-
grating to a common DOCSIS transport,
which has no licensing fee, the cost of re-
newable security could be reduced.

The proposal is not all motherhood
and apple pie, however. If DOCSIS is to be
considered for STB control, the protocol
needs to be reviewed for operation in one-
way plant. Again, this is not as difficult as
it sounds. For example, DAVIC is also
designed for two-way communications,
but DAVIC-based STBs continue to op-
erate during a return path outage, albeit in
a limited fashion. It’s a similar engineering
exercise to modify DOCSIS-based STBs to
work in a one-way environment.

Also, there is a potential business issue
with migrating STB control to DOCSIS
transport. Operators are confronted with
allowing customers to choose from a va-
riety of Internet service providers (ISPs)
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Figure 3: Point-to-multipoint access architectures that can use DOCSIS technology.

for data service. What are the implications
of including STB control over DOCSIS?
Will aperators be confronted with al-
lowing subscribers to choose a provider
for interactive applications? By including
DOCSIS modems in set-tops, even if for
just interactive applications and not STB
control, the issue has been broached and
will need to be addressed.

The move toward
retail also makes a
strong case for
“migrating STB control to

DOCSIS transport...

In summary, there are compelling
reasons to converge STB control over
DOCSIS. Data and voice are already
there, and for competitive reasons, ca-
ble operators need to both remain effi-
cient and regain control over their net-
work and services. The biggest issues
are the large deployments of set-tops us-
ing legacy OOB channels for STB con-
trol and the business issue of providing
access to other service providers. The
industry should research solutions to
these issues.

The intent is to reduce the number of
complex technologies in the headend.
Each technology is burdened with capi-
tal cost (separate equipment) and oper-
ations cost (separate training, provision-
ing, etc.). Proprietary technologies are
burdened with poor economics, low rates
of innovation and less control for the
operator. While cable has plenty of band-
width to carry voice, data and video ser-
vices, there are penalties in doing so with
separate technologies. Moving forward
into a competitive environment where
other access providers will be offering
voice, data and video services, cable
should consider its competitive position.
Cable has settled on DOCSIS as the -
method of choice for data and voice
transport, and suppliers are including
DOCSIS modems in set-tops. DOCSIS
for STB control is the next step. B



