Precise quality
analysis for DOCSIS
upstream signals

DOCSIS has become the established standard for
return channels when it comes to implementing
interactive services in broadband cable networks.
The quality of these signals is essential to network
efficiency. The analysis can be done using the high-
precision R&S®ETL, R&S®EFA and R&S®FSH3-TV

TV test receivers that have proven themselves in
the downstream. These T&M instruments can be
quickly and easily configured for measuring the
upstream.

Your task

To ensure high data rates in the return channel between
the cable headend and customer equipment, cable mo-
dem manufacturers need to test the quality of (EURO)
DOCSIS upstream signals during development and pro-
duction. Cable network operators must also test the signal

quality when putting systems and equipment into opera-
tion and when performing maintenance. This requires
high precision test and measurement equipment that can
accurately determine the MER value of the constellation
diagram, even above 40 dB. Additional measurements
for root cause analysis (e.g. frequency response, channel
impulse response) must also have a correspondingly high
level of accuracy.

T &M solution

The R&S®ETL, R&S®EFA and R&S®FSH3-TV TV test receiv-
ers are known for their precise quality analysis of all types
of downstream signals — including TV programs and dedi-
cated subscriber data. The instruments measure all rele-
vant parameters, automatically perform a comparison with
predefined limit values and allow users to save the results
for archiving purposes or more in-depth analysis. In con-
trast to downstream signals, upstream signals do not com-
ply with J.83/A (DVB-C), J.83/B or J.83/C (ISDB-C) stan-
dards. Still, only a few settings are necessary to measure
upstream signals with the same precision. These special
configurations, which are described on the following page,
turn the instruments into full-performance test receivers
for measuring DOCSIS upstream signals.

Upstream measurements

R&S®ETL R&S®EFA R&S®FSH3-TV

Signal power . . .
Out-of-band components . - .
Power of individual bursts . - °
CCDF, APD ° . _
Frequency offset . . °
Constellation diagram . . .
MER, MER peak . . .
MER(f), ingress(f) ° - -
Amplitude, phase, ol ol =
group delay

Channel impulse response ° . -
Bit error rate (BER) -2 -2 -2

" Minimal measurement errors at the outer edges of the channel.
2 Can be measured by feeding in a DVB-C signal instead of the DOCSIS signal.
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Options and settings

Options for
J.83/A (DVB-C)
or

J.83/C (ISDB-C)

Options for
J.83/B

Supported
symbol rates
(in Msymbol/s)

Synchronization
settings for

a DOCSIS
upstream signal

R&S®ETL

R&S®ETL-B210
or
R&S®ETL-B216 +
R&SCETL-K210

R&S®ETL-B210
or
R&S®ETL-B216 +
R&S®ETL-K213

Tto7

digital TV set-
tings: sideband
position:
NORMAL

R&S ETL Amplitude & Phase

Ch: --- R

1Hz 1

Start -2.56 MHz

Amplitude

R&S®EFA

model .6x

or
R&S®EFA-B20 +
R&SCEFA-K21

model .7x

or
R&S®EFA-B20 +
R&SPEFA-K23

Tto7

special function:

MPEG data
output:
1/Q position:
NORM

Peak Lo Peak

Lvl -41.5dBm | --- | MER 46.6dB

The screenshot shows the accurate measurement results of the R&S®ETL

R&S®FSH3-TV

R&S®FSHS3-
TV-K21

R&S®FSHS-
TV-K21

2to7

BW:
Sideband
position:
NORMAL

for the frequency response of a DOCSIS upstream signal. Note the high

MER of 46.6 dB (status bar at the bottom). The MPEG indicator is red be-

cause the DOCSIS upstream signals do not contain the MPEG-2 frame

alignment word 0x47. Due to the differing rolloff factors of the signal

(r = 0.25) and the test receiver (r = 0.18), there are small drops in ampli-

tude (yellow trace, < 0.2 dB) in the outer edges of the channel. This does

not affect the accuracy of other measurements.
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Application

Configuration

The Rohde & Schwarz test receiver is equipped with
options for downstream-relevant standards (see table).
The R&S®ETL or R&S®FSH3-TV can measure the power

of upstream burst signals using the spectrum analyzer
function in the zero span mode. For all other measure-
ments, the DOCSIS upstream signal must be transmitted
continuously. This requires disabling of the burst mode on
the cable modem.

On the test receiver, the rolloff factor is set to 0.18 and the
symbol rate and QAM order are set according to the up-
stream parameters. For the symbol rate, the setting range
of the test receiver must be taken into account (see table).
The synchronization settings shown in the table must be
used to prevent the instrument from mistakenly searching
for the MPEG-2 frame alignment word 0x47 of a down-
stream signal.

Result

This solution makes it possible to accurately measure

the quality of (EURQO) DOCSIS upstream signals and their
transmission channels, including power, constellation dia-
gram, MER, frequency response, MER(f) and ingress(f).
The bit error rate, the only parameter that cannot be mea-
sured directly, can be measured using a DVB-C signal.

While the rolloff factor configuration of 0.18 does not
comply precisely with the DOCSIS upstream specification
(0.25), Rohde &Schwarz test receivers fully compensate for
this thanks to their extremely powerful equalizers. Minor
deviations occur only at the outer edges of the frequency
response measurement (see screenshot).

In addition to (EURO) DOCSIS upstream signals, the con-
figuration described here can also be used to measure
general QAM signals with any type of content — known or
unknown.

Additional information
www?2.rohde-schwarz.com/product/ETL.html
www?2 .rohde-schwarz.com/product/EFA.html
www2.rohde-schwarz.com/product/FSH3-TV.html
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