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Broadband Access is a very attractive
additional source of revenue for cable
operators worldwide. The rapid growth
of Internet usage in India and the
growing demand for Broadband access
to homes and businesses has created
opportunities and challenges to the
Indian cable operators and MSOs.
India will experience rapid
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growth in Broadband access over the
next few years and the Cable TV

SRINI KOLA

g aead T & fHerll 3l Fad 41 3am

industry can contribute significantly to

this growth and capture a significant chunk of this
market. In order to capture this market the Cable
industry must provide reliable service at prices on
par with DSL/ADSL. This approach has ensured
the cable industry a dominant position in several
overseas broadband markets with market
penetration . At the moment Cable based Internet
in India is pretty much for data only. The
introduction of VVoice over IP (VolIP) and Video over
IP can bring in more revenue opportunities as well
as offer more challenges to the Cable industry in
India.

Peculiarity of the India market: Indian market
is quite different from the Cable Market in the
western countries. The revenue per subscriber is
lower and hence there is a tremendous pressure to
build a low cost network. This has prompted the
Indian cable operators to take the following two
approaches for data services:
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< Extended LAN: Several operators have built
an extended Ethernet LAN using Fiber and Cat5 in
parallel to the existing coaxial cable.

< Cable Modems: DOCSIS standard based
broadband access technology using Cable Modems
(CMs) was used for Broadband access by another
group of operators to provide broadband services.
This technology uses the same coaxial cable used
for TV signals. (DOCSIS stands for Data Over Cable
Service Interface Specifications) [Ref 1].

The aim of this article is to provide a
comparison of these two technologies for
broadband access. This article examines the type
of Service that can be obtained for data, voice and
video, the scalability of these networks and the
maintenance issues involved in these two networks.
In short the advantages and the disadvantages of
these two networks will be compared in terms of
installation, operation and performance.

REQUIREMENTS OF BROADBAND ACCESS
NETWORK:

Before we start comparing the two networks
it is good to establish the requirements for
broadband access networks. The following are the
general requirements and they are not listed in
order of importance.

Provide areliable and always-on service with
high uptime.

Have a robust process to isolate network
problems and fix them quickly.

Support multiple levels of Service. Ability to
control the bandwidth allocation to each
customer in the downstream (to the
subscriber) and also in the upstream (return
from the subscriber)

Ability to activate and deactivate service to
the customers remotely

Scalability of services to customer: Ability to
add more and new services to customers as
well as ability to increase bandwidth per
customer or enhance QoS in general.
Scalability of the total network to support
new types of services and also increase
bandwidth of the network.

Support symmetrical and asymmetrical
services. That is support services requiring
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Growth is never uniform in all parts of the city
both in terms of cable expansion and addition
of subscribers. Ideal broadband access network
must be independent of such constraints.
Now that we have established reasonably
important criteria for comparison, each of the
technologies will be discussed in the next two
sections and how they compare.

ETHERNET FOR BROADBAND ACCESS:

Cable operators in India have used a
combination of Fiber and Cat5 to provide Ethernet
data service based on the extended LAN model. The
Local Area Network (LAN), which is ideal for
enterprise scale or smaller networks, is now
extended to a large area in a city by the use of
Ethernet switches with 10/100Mbps fiber and cat5
links. As the subscribers increase, the network is
expanded with additional switches, fiber optic links
and Catb cables to cover larger area and new users
are added to these switches.

The backbone of such a network is a fiber
network running usually the standard Ethernet
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Fig 1. Ethernet Network. A Broadband access network built on the basis of extended LAN
with Cat5 and Fiber. ES=Ethernet Switch in the figure

protocol on fiber (100BASE-FX). The switches that
are used to distribute the data to the end subscribers
are Ethernet switches based on 10/100BASE-TX
Ethernet. These switches are also connected in
cascade (one after the other) to distribute subscriber
connections in a neighborhood. A tree architecture
is used to wire the backbone (fiber) as well as the
Cat5 distribution network. The network starts in the
headend and branches out into neighborhoods.

As long as the network is lightly loaded, it
works. When there is peak traffic, even data service
will suffer. It will be very difficult to support voice
services in such instances.

If a lot of new subscribers are connected in one
branch, it can generate a hot spot on some of the
switches and may require some operator intervention.
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ADVANTAGES: S
Physical Network level advantage: ThiSTaeT Jea% gl oy
This is the advantage of the technology at the YA o T W = T T A ol %,
cabling, switch level: ’ i )
. The network can be built out very quickly | ¢ gq & PRI G bty il 3@ o e IfTEr
using Fiber and Cat5 cables AT ST bl &
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. It is based on Standard Ethernet and hence | o g HHE I T 3G 2l & 37N 28ieT @i 9
switches and cables are freely available. ¥ AT ¥ 3T A %’I

* There are no RF power levels to measure like . . )
in cable. o T F AT ARTE WeR F A H TET Fél 2l

e Cutting the Cat5 cable and adding connectors | ¢  &ay, Facl & FT 3 FIFYHE NS 988 9T 9
is simple and easy. O %’I

. A modem is not required at the subscriber ; N . fr
end, which reduces some of the cost. ¢ =R H AISH 3 S T e % T

Functional & Performance level advantages: CERI] .
This is advantage in usage and in FEHS BIESh TAET AT
performance level of the network. g 729F F TSI TR 3R TS F A 2
Iti h ith
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° Link light on switch and end user PC makes | * i <Ie 1 W 31 g ST & HHK ]
it easy to check S @ STEE & &

. No need to manage Customer Premises ITET 9 ¥ ST i) % wEEE € e
equipment (CPE) ¢ , T F ( ) ¥ #

* Standard enterprise management tools will Tl
work. * @é off gM& aTe 3THT FT BT

DISADVANTAGES: ELIE

Physical Network level disadvantages: M EERIEECE RN NICE

. Quick wear and tgar of fiber optic cables. Not . PR 3UTEF Fadt § INaviT @ ﬁ—qﬂww
as strong as coaxial cable. 3 . .

. Susceptible to damage due to lightning 1 i STC el .
strikes and storms. o TS THE T TEI & TN GO H AT

. Connectivity is strongly dependent on the | o U9 T Faefad 3 s i
weather conditions A A 4

. Cable needs to be replaced frequently M Stealslea] chdlef dieald SRl ,

3 This cable is not designed for outdoor use. . 33T T & [T 39 Fadd H aae Tl

* Cable problems not easy to isolate. . I TUET FT ST I Tell

Functional and Performance level disadvantages: | &M™icie & Ye9iA Tael gri:

* Cannot guarantee minimum uptime or WWWW@WH@T@WI
connectivity. o o ; N

* Absence of CPE equipment like modem does \.g o T ¢ T ;ﬁ 3 q B
not allow operators to remotely validate cable TR Y & FAA BAGG S I 3T FgH
connectivity all the way into the subscriber STEfT AR F T <ar %|
premises. - . 4

e Extremely difficult to provide bandwidth | ¢ defrey T SR FaH TR defTSy FEH w
guarantees and minimum sustainable EE LIREEL
bandwidth, . _ o TR URISS W F Y ITHERN F A

* Guarantee of minimum Service Level T . g )
Agreement (SLA) to customer is not possible . ST (THUAT) EERIRASUNRE]
with Ethernet extended LAN. Tl

. VolIP is not possible without any guarantees | o T Sefgey ¥ 5 i T % Eﬁﬁm—g—@r g
in upstream bandwidth. :@é h

* The very significant drawback is uncontrolled ' . .
upstream bandwidth, which results in | ¢ I8 SooiaT @ § AR Idm defasy,
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congestion that not only impacts upstream
performance but also the downstream
performance, by timing out TCP flows or data
connections.

. Will not work for two-way applications like
Voice, (VolP), video-phone, interactive TV
etc. under normal load conditions.

. Multicast and Broadcast storms also present a

significant challenge and waste precious
bandwidth.

CABLE MODEM BASED BROADBAND ACCESS

Technically speaking it is more accurate to
describe this as DOCSIS standard based Broadband
access. DOCSIS stands for Data Over Cable Service
Interface Specifications, which is used worldwide for
Cable Modem based data services. This involves the
use of Cable Modems (CMs) in the subscriber homes
and a Cable Modem Termination System (CMTS) in
the cable headend.

In this network the same HFC or Coaxial cable
network is used for Cable TV as well as for data
services. The cable must be converted to two-way
network, by using two-way amplifiers. If there is an
optical segment (HFC) a reverse part has to be
established on the optical portion also.
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Fig 2. Cable Network. A Broadband access network built as an overlay network on top of the existing coaxial network.
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The CMTS residing in the cable headend can
control the downstream data and the bandwidth
allocation for each user. In the upstream also the
CMTS can define the bandwidth allocation on a per
subscriber or per Cable modem basis. This allows
different levels of service for different subscribers.

Another very important feature of the CMTS
is it can control which Cable Modem can transmit at
any given time. Also the minimum time interval a
Cable Modem is allowed to transmit is called a time-
slot, which is extremely small compared to an Ethernet
packet. This allows the CMTS to allow Cable Modems
with high priority or Voice data to transmit first or at
the right times for best performance. This allows for
extremely efficient bandwidth allocation for delay
sensitive applications like voice. If the
bandwidth is not available in time, then
voice will be very choppy. Hence Cable
modem based broadband can support
voice and any other time sensitive
applications like video-conferencing,
Videophones, etc.

Subscribers can also be remotely
activated or de-activated based on the
Cable Modem MAC address. It is also
possible to know the network cable
conditions and connectivity by
monitoring the Cable modems. If a lot of
new subscribers are connected in one branch, it can
still handle it without a hot spot, since bandwidth
allocation is done on a per Cable Modem basis.

With DOCSIS 1.0 or 1.1 technologies it is
possible to provide downstream rates anywhere up
to 10Mbps and upstream bandwidth up to 2Mbps per
subscriber or higher. With DOCSIS 2.0 provides
40Mbps of downstream bandwidth and 30Mbps in
return path for single channels. Additional channels
can be used to provide higher bandwidth in future.
The downstream bandwidth goes up to 160Mbps per
downstream with DOCSIS 3.0

ADVANTAGES:

Physical Network level advantage:
This is the advantage of the technology at the

cabling and switch level:

. The Coaxial cable used in the Cable TV
network is very robust and can withstand
significant wear and tear.
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*

*
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*
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A well-grounded cable network can also with
stand lightning storms. Coaxial cable is
designed for all weather conditions and for
outdoor use.

Cable problems are easier to isolate

Functional & Performance level advantages:

This is advantage in usage and in

performance level of the network.

Bandwidth and QoS control on a per
subscriber basis

Ability to manage the network operation and
performance by monitoring the CMs.
Ability to activate and deactivate subscriber
connections remotely, by turning the modem
connections ON or OFF respectively.

CMs act like probes and help identify the
quality of network at that point. A CMTS with
ability to monitor all the modems can be used
to monitor the health of the cable network. This
data can be used to improve the Cable network
which not only helps data services but also the
quality of the TV transmission. (Reported by
C9 Networks customers Ref. 2).

No worries about the unequal growth or
concentration of users. There are no hot spot or
high traffic spot issues.

Scalable to provide network expansion and
acquiring new customers in any part of the
network.

DOCSIS is specifically designed for
Broadband Access and well thought out with
a good roadmap for bandwidth scalability.
DOCSIS is used world wide by Cable
industry for Internet services.

DISADVANTAGES:

The following are the issues with Cable

Modem technology

Return path on cable: The cable plant must
be converted to two-way in order to run
Cable Modem based broadband access. This
involves some effort and may require
amplifiers to be two-way. But this effort will
pay off latter enabling DOCSIS controlled set-
top boxes or any two-way technologies

The starting cost is a bit higher requiring the
installation of CMTS in the headend and
Cable Modems in homes. But this will not
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need any switches in between headend and
subscribers for distribution.

Upstream noise is the most serious problem in
these networks for 2-way communication.
Corroded connectors and defective amplifiers
can some times add noise into the network. Any
time such noise is seen the source must be
identified and fixed.

SUMMARY OF THE ARTICLE

Ethernet based on extended LAN for
Broadband access is simple to understand and install.
This will require a separate parallel network of fiber
and Cat5 cables. It is extremely difficult to provide
SLAs or minimum reliable service to customers. It is
also unreliable due to its susceptibility to weather
conditions needing unending wiring maintenance.
The minimum sustainable
bandwidth is also not possible,
which causes time outs while
down loading web pages or emails.
This network is impossible to use
for future applications like
telephones with VoIP or two-way
video related applications like
video-conferencing or
videophones or interactive TV.
Broadband access with this
technology will be very difficult to
compete with DSL or ADSL based technologies in
performance. It will be sufficient for low-end Internet
access with limited reliability.

Cable Modem based technology is a bit more
expensive, needs conversion of cable to two-way,
needs effort in keeping the Cable plant (wiring) clean
from noise, but offers a lot more reliable service.
Bandwidth and SLAs can be guaranteed to the
subscriber. This is a technology that can effectively
compete with DSL or ADSL. This also allows
applications like VoIP and videophone and interactive
applications. This is also friendly to network growth
in terms of cable network expansion and acquiring
new customers anywhere on the network.

Ethernet LAN is more appropriate for an
enterprise network but not an ideal solution for
broadband where the users are spread out over avery
large area and the requirements are quite different.
In the broadband application extended Ethernet LAN
is not scalable.

When several operators were approached for
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opinions the responses were mixed. Those using
Ethernet tend to support it in general. Those who are
already using Cable Modems just love it. To getamore
objective insight, some of the operators who had
experience with both extended Ethernet and Cable
Modems were asked this question of comparison. The
following is the summary of the responses received
[Ref. 3 and 4]:

G B A ST ST 3RS S5 7 38 © 39 Gl § g9
T TR ST A ot F A AT HSe SEe O 38 § 3
T 98E VIR B 3% [T S ST i e e
T T (9% TGS TS T Fact WieH SH & T 3
2, T 78 999 ST AT 355 Sa 3 of e 39
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¢ “Ethernet based broadband access networksare | ¢ Iz 3T diede TRT Jaad I% ¥ T F 3GH
simple and cheap to start but need continuous — . T e
maintenance on an every day basis. They are g 39 feofa fea % W # A
extremely unreliable with high maintenance T 71 AT T T T 59 W R Té R
costs‘H Theg arse extremelly susceptib(lse tc)) ST Tkl 21 I8 faug ol (d9W) F 9eT § 3w
weather and no Service Level Agreement (SLA ey = a
can be provided.” ¢ 3?!’{@@ ?R'a' il (TUEY) Her

¢ “With Cable Modem technology, it is a one time FET TG TE el
eff((;rt convelrlt_ing t?]e cable network tz) two-way | o Faof HeT aHFE & Wg‘@'g\am T UREfdq w0 3
and controlling the ingress noise (upstream 5 2 P
noise). Cable network may still need occasional T = ) H BT TP SR EF[H’?TH
maintenance, but much less than Ethernet. Cable Bl T TS 1 PP TeE T Bl €, A
Modem based technology is superior in I2 TR & A TG T ¥ AET W SR
performance and reliability and offers a o : > s 3 37T o
commercial grade service, supporting advertised T T | & 3R T 8 gul
service levels or SLAs. In the long run accounting EI] @HT, e fa9ITT e & A T S T B
for reliability, maintenance and customer T TR T e, W T ST S
satisfaction and churn, it is a more profitable ' N
option” P T SAEE & oA T8 Te ANEIE 9T Bl
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