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Purpose

ABetter understand how to make
upstream signals and measurements

AWhat are the signal impairments on the
reverse path
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Agenda

AReturn Path Measurements
A Spectrum Analysis
A Constellation
A MER and BER
A Adaptive Equalizer
A Case Study

AReturn Path Alignment
A Node Optimization
ALaser link opitmization
AReturn receiver optimization
A Coaxial Plant Alignment and sweep

ATroubleshooting Hints
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Why 64 - QAM?

A Higher upstream data throughput required for:
A Voice
A Peer to Peer

A Up to 120 Mbs for 4 bonded channels for
DOCSIS 3 in the upstream

A Competition
A Business Services
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Upstream 64 QAM Challenges

A Once interference occurs in voice the data
cannot be retransmitted.

A Measurements are more difficult because
the signals are bursty.

A 64 QAM looses 3 dB of headroom because
the maximum modem output is 52 dBmV as
opposed to 58 dBmV for QPSK.
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More Upstream Challenges with
64 QAM

A64 QAM is less robust than 16 QAM
A Requires better SNR and MER

AQAM means that the carrier is amplitude
modulated and therefore more susceptible
to amplitude based impairments such as:

A Ingress
A Micro -reflections
A Compression

SUN RIS € TeL€CO M =

Confidential & Proprietary |



Recommended Network Specifications

APart 76 of the FCC Rules
ADOCSIS for upstream and downstream

ANCTA Recommended Practices for upstream
carriers
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Spectrum Analyzer and QAM Upstream
Measurements at the headend

AUpstream Carrier Levels
ASpectrum Analysis
AConstellation Measurements and
Diagnosis
AMER, BER, and Constellation
Analysis

AUpstream Linear Distortion
Measurements
A Group Delay
A Amlitude Response
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Upstream Signal
Measurements

www.sunrisetelecom.com



Upstream Level Measurement
The First Step

A Verify the upstream carrier amplitude at the input to the
CMTS upstream port is within spec.

A Usually 0 dBmV at the input, some systems may vary.

A Can be measured using peak power on the
preamble of the carrier

A An average power measurement could also be made on a
constant carrier injected at the correct level.

A Measure total power at the input to the CMTS
(<35dBmV, TP)
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SUNRISE TELECOM

We Make Networks Work

Spectrum Analysis
-CNR
-Cl/I
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DOCSIS Upstream RE Channel
Transmission Characteristics

Parameter Value

Frequency range 5 to 42 MHz edge to edge

Transit delay from the most distant CM to the <=0.800 msec (typically much less)
nearest CM or CMTS o
Carrier-to-noise ratio Not less than 25 dB \

broadband ingress signals) ratio

Carrier-to-interference (the sum of noise, \ Not less than 25 dB
distortion, common-path distortion, and cross-

modulation) ratio

Carrier-to-ingress power (the sum of discrete a(d Not less than 25 dB )

Carrier hum modulation Not greater than i 23 dBc (7%)

Burst noise Notlonger t han 10 esec at a 1 kHz av
3,4, and 5)

Amplitude ripple 5-42 MHz: 0.5 dB/MHz

Group delay ripple 5-42 MHz: 200 ns/MHz

Micro-reflections -- single echo -10 dBc@ <= 0.5 esec

20 dBc@ <= 1.0 esec
30 dBc@ > 1.0 esec

Seasonal and diurnal signal level variation Not greater than 8 dB min to max
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Upstream CNR

A Check the upstream carrier -to -noise, carrier  -to -
Ingress, and carrier -to - interference ratios
A DOCSIS assumesa  minimum  of 25 dB for all three
parameters

A This is measured at the CMTS upstream port

A Remember that we loose 3 dB of dynamic range
with 64 QAM at 6.4 MHz.

A CNR and SNR are different measurements!
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CNR or SNR

A CNR is a measurement performed on RF
signals

ARaw carrier power to raw noise power in the RF
transport path only

Aldeal for characterizing network impairments

ASNR isapre -modulation or post - detection
measurement performed on baseband
signals

Ancludes noise in original signal, transmitter or
modulator, transport path, and receiver &
demodulator

Aldeal for characterizing end -to -end performance 0
the overall signal quality seen by the end user
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Upstream Spectrum Analysis

AMake sure noise floor of system is being
displayed 10 db out of the spectrum
analyzer noise floor

AUse peak hold to capture transients

AUse Averaging to capture CPD
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SUNRISE TELECOM™
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Upstream Carrier -to - Interference
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Upstream Spectrum Display Showing
Laser Clipping




Upstream Spectrum Analysis

AMake sure noise floor of system is being
displayed 10 db out of the spectrum
analyzer noise floor

AUse peak hold to capture transients

AUse Averaging to capture CPD
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Impulse Noise

Ref -20.00 dBm

e Narrowband interference

e High pk-avg, impulsive

¢ Possible laser overload (wideband
components)

e Likely supports 16-QAM

e Insufficient for 64-QAM

Start 1.00 MHz Stop 71.00 MHz
#Res BW 300 kHz #VBW 100 kHz Sweep 6.20 ms (1001 pis)

STATUS 1 AC coupled. Accy unspecd < TOMMZ
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Upstream Spectrum Display Showing
Laser Clipping




Return Path Constellation Analysis
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Upstream
Path
AT25OORQV / CMZOOOE = USG A Frequency response
) alignment or diplex filter
toolkit roll - off

A Quantify linear distortions
between two points

A QAM16/QAM64

A Micro -reflections caused
by impedance mismatches

A Group delay

A Non Linear operation of
the Return laser

A Bit transmission errors

A Random Non Linear
network events detected
by Pre -Post BER
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