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• Higher data throughput

It’s possible to double the raw data throughput 
of an upstream digitally modulated carrier by 
switching from quadrature phase shift keying 
(QPSK) to 16-QAM (quadrature amplitude 
modulation)

~9.010.24~4.65.122,5603.20

~4.85.12~2.32.561,2801.60

~2.42.56~1.21.286400.800

~1.21.28~0.60.643200.400

~0.60.64~0.30.321600.200

16-QAM 
nominal data 
rate, Mbps

16-QAM raw 
data rate, 
Mbps

QPSK 
nominal data 
rate, Mbps

QPSK raw 
data rate, 
Mbps

Symbol rate, 
ksym/sec

Channel 
bandwidth, 
MHz
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First things first

• Making 16-QAM work reliably requires 
attention to several details

The cable modem termination system (CMTS) 
configuration must be optimized for 16-QAM

One important parameter to configure correctly 
is modulation profile settings

http://www.cisco.com/offer/sp/pdfs/cable/cable_
land/ModProfile_wp51.pdf
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First things first

• The entire cable network—headend, 
distribution network, and subscriber 
drops—must be DOCSIS-compliant

Recommended forward and reverse 
performance parameters are detailed in the 
DOCSIS Radio Frequency Interface 
Specification

http://www.cablemodem.com/specifications
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DOCSIS 1.0 Downstream RF Channel 
Transmission Characteristics

Parameter Value 
Frequency range Cable system normal downstream operating 

range is from 50 MHz to as high as 860 MHz. 
However, the values in this table apply only at 
frequencies >= 88 MHz. 

RF channel spacing (design bandwidth) 6 MHz 
Transit delay from headend to most distant 
customer 

<=0.800 msec (typically much less) 

Carrier-to-noise ratio in a 6 MHz band (analog 
video level) 

Not less than 35 dB 

Carrier-to-interference ratio for total power 
(discrete and broadband ingress signals) 

Not less than 35 dB within the design 
bandwidth 

Composite triple beat distortion for analog 
modulated carriers 

Not greater than –50 dBc within the design 
bandwidth 

Composite second order distortion for analog 
modulated carriers 

Not greater than –50 dBc within the design 
bandwidth 

Cross-modulation level Not greater than –40 dBc within the design 
bandwidth 

Amplitude ripple 0.5 dB within the design bandwidth 
Group delay ripple in the spectrum occupied by 
the CMTS 

75 ns within the design bandwidth 

Micro-reflections bound for dominant echo -10 dBc@ <= 0.5 � sec 
-15 dBc@ <= 1.0 � sec 
-20 dBc@ <= 1.5 � sec 
-30 dBc@ > 1.5 � sec 

Carrier hum modulation Not greater than –26 dBc (5%) 
Burst noise Not longer than 25 � sec at a 10 Hz average 

rate 
Seasonal and diurnal signal level variation 8 dB 
Maximum analog video carrier level at the CM 
input, inclusive of above signal level variation 

17 dBmV 

Lowest analog video carrier level at the CM 
input, inclusive of above signal level variation 

-5 dBmV 
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DOCSIS 1.0 Electrical Input to Cable 
Modem

Parameter Value 

Center Frequency 91 to 857 MHz, ±30 kHz 
Level Range (one channel) -15 dBmV to +15 dBmV 
Modulation Type 64-QAM and 256-QAM 
Symbol Rate (nominal) 5.056941 Msym/sec (64-QAM) and  

5.360537 Msym/sec (256-QAM) 
Bandwidth 6 MHz (18% Square Root Raised Cosine shaping for 64-QAM and 

12% Square Root Raised Cosine shaping for 256-QAM) 

Total Input Power (40-900 MHz) < 30 dBmV 
Input (load) Impedance 75 ohms 
Input Return Loss > 6 dB (88-860 MHz) 
Connector F connector per [IPS-SP-406] (common with the output) 
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DOCSIS 1.0 Upstream RF Channel 
Transmission Characteristics

Parameter Value 
Frequency range 5 to 42 MHz edge to edge 

Transit delay from the most distant CM to the 
nearest CM or CMTS 

<=0.800 msec (typically much less) 

Carrier-to-noise ratio Not less than 25 dB 
Carrier-to-ingress power (the sum of discrete and 
broadband ingress signals) ratio 

Not less than 25 dB 

Carrier-to-interference (the sum of noise, 
distortion, common-path distortion, and cross- 
modulation) ratio 

Not less than 25 dB 

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

Burst noise Not longer than 10 � sec at a 1 kHz average rate for most cases (Notes 
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 � sec 
-20 dBc@ <= 1.0 � sec 
-30 dBc@ > 1.0 � sec 

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

• Verify that the upstream digitally 
modulated carrier amplitude at the input to 
the CMTS upstream port is within spec

The default value for Cisco uBRs is 0 dBmV, 
but this may vary depending on CMTS 
configuration
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Digitally Modulated Carrier Amplitude

• The zero-span method is 
the easiest way to obtain 
an accurate amplitude 
measurement 

• Because of the bursty 
nature of upstream 
digitally modulated 
carriers, it’s difficult to 
measure average power 
level
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Upstream Integrity

• Check the upstream carrier-to-noise, 
carrier-to-ingress, and carrier-to-
interference ratios

DOCSIS specifies a minimum of 25 dB for all 
three parameters

This is measured at the CMTS upstream port
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Upstream Spectrum

Does the upstream
look like this?

…or like this?
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Upstream Carrier-to-Noise

Very good carrier-to-noise
ratio (~50 dB)

Unacceptable
carrier-to-noise

ratio (~12 to 15 dB)
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Upstream Constellations

Ideal QPSK and 16-QAM constellations

Graphics courtesy of Filtronic Sigtek, Inc.
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Upstream Integrity

• How can one keep the reverse plant at or 
better than the DOCSIS-recommended 25 
dB value?

Proper forward and reverse alignment

Leakage and ingress management

Good installation practices
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Upstream frequency

• Keep the 16-QAM digitally modulated 
carrier well away from diplex filter roll-off 
areas (typically above about 35~38 MHz), 
where group delay can be a major problem

• Group delay may be a problem even when 
frequency response is flat

• Choose an operating frequency that will 
minimize the likelihood of group delay

Frequencies in the 20~35 MHz range generally 
work well
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Group Delay

• Group delay is defined in units of time, typically 
nanoseconds (ns)

• In a system, network or component with no 
group delay, all frequencies are transmitted 
through the system, network or component with 
equal time delay

• Frequency response problems in a CATV 
network will cause group delay problems

• Group delay is worse near band edges and 
diplex filter roll-off areas
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Group Delay (cont’d)

• If a cable network’s group delay exceeds a 
certain amount, bit error rate may be 
degraded because of intersymbol 
interference

• As long as group delay remains below a 
defined threshold—DOCSIS specifies 200 
nanoseconds/MHz in the upstream—group 
delay-related BER shouldn’t be a problem
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Group Delay (cont’d)

• Upstream group 
delay 
measurements 
require 
specialized 
equipment

• In this example, 
group delay is 
nearly constant 
(within about 100 
ns) between 10 
and 35 MHz

Courtesy of Holtzman, Inc. http://www.holtzmaninc.com/cscope.htm
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Microreflections

• Microreflections—also called reflections or echoes—
are caused by impedance mismatches

• In the real world of cable networks, impedance can at 
best be considered nominal

• Impedance mismatches are everywhere: connectors, 
amplifiers inputs and outputs, passive device input s 
and outputs, and even the cable itself

• Upstream cable attenuation is lower than 
downstream cable attenuation, so upstream 
microreflections tend to be worse

• Anywhere an impedance mismatch exists, some of 
the incident energy is reflected back toward the 
source
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Microreflections

• The reflected and incident energy interact to 
produce standing waves, which manifest 
themselves as the “standing wave” amplitude 
ripple one sometimes sees in sweep receiver 
displays

• 16-QAM is affected by microreflections to a much 
greater degree than QPSK is

• Microreflections and group delay may be 
compensated for using adaptive equalization, a 
feature available in DOCSIS 1.1 and 2.0 cable 
modems

Adaptive equalization is not supported by most 
DOCSIS 1.0 modems
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Microreflections

• Damaged or missing end-of-line terminators

• Damaged or missing chassis terminators on 
directional coupler, splitter, or multiple-output 
amplifier unused ports

• Loose center conductor seizure screws

• Unused tap ports not terminated—this is 
especially critical on low value taps

• Unused drop passive ports not terminated

• Use of so-called self-terminating taps at feeder 
ends-of-line

Causes:
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Microreflections

• Kinked or damaged cable (includes cracked 
cable, which causes a reflection and ingress)

• Defective or damaged actives or passives (water-
damaged, water-filled, cold solder joint, 
corrosion, loose circuit board screws, etc.)

• Cable-ready TVs and VCRs connected directly to 
the drop (return loss on most cable-ready 
devices is poor)

• Some traps and filters have been found to have 
poor return loss in the upstream, especially 
those used for data-only service 

Causes:
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Microreflections

• In this example, 
an approx. -23 
dBc echo at 
~720 ns causes 
visible 
amplitude 
ripple across 
the 5-40 MHz 
spectrum

• Group delay 
ripple also is 
present

Courtesy of Holtzman, Inc.

Echo

Amplitude ripple

Group delay ripple
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System performance

• Forward and reverse properly aligned

Sweep alignment is best

• Manage signal leakage

98th or 99 th percentile flyover performance

Leaks at or below 5 µV/m
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Other Challenges

• Dealing with the slightly lower dynamic range of 
16-QAM modem transmission

DOCSIS specifies that cable modems must support +8 
to +58 dBmV upstream transmission levels for QPSK, 
and +8 to +55 dBmV for 16-QAM

• A switch to 16-QAM loses 3 dB of headroom
If some modems are transmitting at their maximum 
level with QPSK, they may exhibit problems when 
switched to 16-QAM

• Typical fix is to correct excessive upstream 
attenuation between the affected modem and the 
first upstream active

Usually drop- or network alignment-related
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16-QAM Checklist

� CMTS modulation profile optimized for 16-QAM

� Entire cable network—headend, distribution network and 
subscriber drops—DOCSIS-compliant

� Select upstream frequency that avoids diplex filter  roll-off 
area

� Forward and reverse properly aligned

� Signal leakage and ingress management

� Good installation practices
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DOCSIS Checklist

Headend (downstream) CMTS or upconverter output

+42 dBmV 1CMTS downstream IF output

+25 to +35 dBmV 2Digitally modulated carrier 
amplitude at upconverter 
input

Look for evidence of gain compression; 
phase noise; I-Q imbalance; coherent 
interference; excessive noise; and 
clipping

Constellation evaluation

3 dB6Amplitude ripple (in-channel 
flatness)

Less than or equal to 10 -8Post FEC BER 5

N/APre-FEC BER4

64-QAM: 27 dB minimum

256-QAM: 31 dB minimum

Modulation error ratio 
(MER)3

Not less than 35 dBCarrier-to-noise ratio

91-857 MHzDigitally modulated carrier 
center frequency

+50 to +61 dBmVDigitally modulated carrier 
amplitude at upconverter 
output

Measured value/commentsParameter valueParameterTest performed

��� �
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DOCSIS Checklist

Headend (downstream) laser transmitter
or first amplifier input

Look for evidence of gain compression; 
phase noise; I-Q imbalance; coherent 
interference; excessive noise; and 
clipping

Constellation evaluation

3 dB4Amplitude ripple (in-channel 
flatness)

Less than or equal to 10 -8Post FEC BER 3

N/APre-FEC BER2

64-QAM: 27 dB minimum

256-QAM: 31 dB minimum

Modulation error ratio 
(MER)1

Not less than 35 dBCarrier-to-noise ratio

91-857 MHzDigitally modulated carrier 
center frequency

-10 to -6 dBcDigitally modulated carrier 
average power level relative 
to analog TV channel visual 
carrier amplitude

Measured value/commentsParameter valueParameterTest performed

��� �
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DOCSIS Checklist

Downstream input to cable modem

Less than or equal to 10 -8Post FEC BER

N/APre-FEC BER3

64-QAM: 27 dB minimum

256-QAM: 31 dB minimum

Modulation error ratio 
(MER)2

<+30 dBmVTotal downstream RF input 
power 1

Not less than 35 dBCarrier-to-noise ratio

-15 to +15 dBmVDigitally modulated carrier 
average power level

-10 to -6 dBcDigitally modulated carrier 
average power level relative 
to analog TV channel visual 
carrier amplitude

91-857 MHzDigitally modulated carrier 
center frequency

Measured value/commentsParameter valueParameterTest performed

��� �
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DOCSIS Checklist

Downstream input to cable modem (cont’d)

75 nsGroup delay ripple 6

16 dBSignal level slope, 50-750 
MHz

<=0.800 millisecondTransit delay from CMTS to 
most distant cable modem 5

-5 dBmVMinimum analog TV channel 
visual carrier level

+17 dBmVMaximum analog TV channel 
visual carrier level

5% (-26 dBc)Hum modulation

3 dB4Amplitude ripple (in-channel 
flatness)

Look for evidence of gain compression; 
phase noise; I-Q imbalance; coherent 
interference; excessive noise; and 
clipping

Constellation evaluation

Measured value/commentsParameter valueParameterTest performed

��� �
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DOCSIS Checklist

CMTS upstream input

Not less than 25 dB 2Carrier-to-ingress power 
ratio

Not less than 25 dB 2Carrier-to-interference ratio

Not less than 25 dB 2Carrier-to-noise ratio

Must not exceed +35 dBmVTotal 5-42 MHz RF spectrum 
power

-16 to +26 dBmV depending on symbol 
rate

Digitally modulated carrier 
amplitude 1

Must be within 5-42 MHz spectrumDigitally modulated carrier 
center frequency

160, 320, 640, 1,280 or 2,560 ksym/secDigitally modulated carrier 
symbol rate

200, 400, 800, 1,600 or 3,200 kHzDigitally modulated carrier 
bandwidth

Measured value/commentsParameter valueParameterTest performed

��� �
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DOCSIS Checklist

CMTS upstream input (cont’d)

<=0.800 millisecondTransit delay from most 
distant cable modem to 
CMTS4

200 ns/MHzGroup delay ripple 3

0.5 dB/MHzAmplitude ripple

7% (-23 dBc)Hum modulation

Measured value/commentsParameter valueParameterTest performed

��� �
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