The INCA™ Technology

Improving Robustness and Bandwidth Utilization of CATV Upstream
Channel in DOCSIS-Compliant Systems

Introduction

INCA™ (INcreased CApacity, INgress CAncellation) is Libit's novel DOCSIS-compliant
physical layer technology for improved communications over the CATV upstream
channel. The INCA technology significantly enhances performance by enabling highly
robust operation and high data rates in the upstream link from the user's home to the
head-end.

Upstream Noise and Capacity Constraints

Cable operators are encountering severe impairments in the return path of HFC (hybrid
fiber-coaxial) cable networks that seriously limit the ability of operators to provide
reliable data transmission to a large number of users.

The frequency band used for upstream communications (5-42 MHz) is subject to severe
ingress noise, impulse noise, common path distortion noise, and burst noise; these
impairments are caused by HF signals, electrical appliances, electricity lines, harmonic
distortions in the cable, and other sources. The noise level at the head-end receiver is
proportional to the number of connected homes, whether or not they have cable modems
installed. The initial low penetration of cable modems among cable TV subscribers has
lead cable operators to group a large number of homes together, and connect them to a
single head-end receiver. This practice intensifies hostile conditions in the upstream
channel.

In addition to suffering from severe noise impairments, the upstream channel is
characterized by limited bandwidth. The cable plant is asymmetrical: the upstream
channel has less than 40 MHz bandwidth, while the downstream channel has up to 800
MHz bandwidth. With the increased penetration of symmetrical services requiring high
two-way capacity — such as IP telephony and video conferencing — cable operators are
running into serious capacity constraints in the upstream path. Splitting groups of homes
into smaller clusters sharing a single head-end receiver leads to a reduction in the level of
noise, and increases the capacity available to each subscriber. However, as such a process
Is very costly, cable operators are interested in implementing this approach as efficiently
as possible.



The INCA Solution

The INCA technology addresses both the short and long-term needs of cable operators.
INCA enables increased upstream capacity and enhanced reliability of data transmission
in the hostile upstream channel.

Bandwidth Efficiency

The INCA technology enables a significant increase in bandwidth efficiency by allowing

a reduction in channel spacing between adjacent signals without degradation in

performance. INCA algorithms are capable of canceling strong inter-channel interference

resulting from reduced channel spacing. By reducing channel spacing and using an
INCA-enabled receiver, the number of channels can be increased by as much as 50%,
depending on channel conditions. Operators can then offer services requiring high data
rates in the upstream channel, such as IP telephony, leading to increased revenues.

Figure 1 depicts the spectrum of the upstream frequency band with conventional channel

spacing, and with reduced channel spacing that can be tolerated by a head-end receiver
implementing INCA'’s cancellation techniques.

Figure 1: INCA — Increased Capacity
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Robust Operations

INCA algorithms are designed to operate in channels with extremely strong narrowband
ingress and impulse noise conditions, the most prominent impairments in the upstream
channel. The INCA-enabled receiver is capable of tolerating ingress and impulse noise
conditions that are 10-100 times worse than those handled by the algorithms of existing
receivers. The INCA receiver can operate reliably in channels with tens of thousands of
impulses per second, and in channels in which the ingress noise is stronger than the
signal. Improved robustness enables operators to accelerate deployment and reduce cable
plant clean-up costs.

Cost-Effective Deployment

The INCA technology comprises a set of proprietary algorithms that are implemented at
the head-end receiver side only, with no modifications required to cable modems at the
subscriber side. As a result, cable operators can deploy INCA without affecting the
installed base of subscriber-side equipment. Implementing INCA only has a marginal
effect on the cost of silicon at the head-end side, constituting only a small fraction of
operators’ overall investment in the cable plant and cable modems. This a major
advantage of INCA over other proposed technologies for the upstream channel which
require major modifications at the subscriber side. Moreover, as INCA does not require
any changes to cable modems, operators will continue to benefit from the continuous
improvement, integration and cost-reduction of DOCSIS-compliant cable modems.

Depending on the state of the cable plant and the number of subscribers, operators can
choose between optimizing their networks for improved robustness or increased capacity.
As cable plants are upgraded and noise impairments are reduced, operators can place
greater emphasis on increasing upstream bandwidth. This capability allows operators to
adapt upstream communications to changing conditions over the various life-cycle phases
of network deployment and expansion.

Field-Tested Technology

The INCA technology has been verified on signals recorded in the field on both HFC
(hybrid fiber-coaxial) and all-coaxial plants — over both aerial and underground wiring —
in the US, Europe and Japan. Tests were also conducted in the challenging frequency
band of 5-15 MHz. Verification tools included simulation and a hardware prototype.
INCA has been tested on a simulated CATV communication system comprising an INCA
receiver and DOCSIS-compliant transmitters. The receiver was tested in tough channel
scenarios including AWGN, ingress noise, impulse and burst noise, reflections and group
delay, and AM hum. Both simulation results and tests on real signals indicate that INCA
provides better performance than other proposed technologies for the upstream channel in
terms of spectral efficiency and highly robust operations.

Next-Generation DOCSIS

The INCA technology can be further utilized to improve robustness and bandwidth

utilization of systems based on the emerging DOCSIS 1.2 standard that will include high-
order constellations such as 32-QAM and 64-QAM, trellis-coded modulation, and

additional state-of-the-art communication tools.



Summary

INCA is a powerful technology that enables improved performance of DOCSIS 1.0 and
1.1 CATV systems, without requiring costly changes to cable modems at the subscriber
side. By increasing upstream capacity and enhancing robustness, INCA enables cable
operators to cost-effectively introduce two-way services and significantly expand
revenues.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ticom  Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
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