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Introduction
DOCSIS 3.1 offers greater spectral efficiency, robustness, and 
multiple modulation profiles to get us closer to Shannon Limit
• How to optimize capacity?

– Old way: use expensive test equipment, labor intensive field measurements
– New way: use 3.1 PNM features + open source software to automate it at scale

• In this presentation, we’ll address the following:
– Is a DOCSIS 3.1 CM with enhanced PNM functionality indeed a viable 

alternative to lab-quality test equipment
– How can cable operators use new PNM in DOCSIS 3.1 CMs’ to optimize 

capacity and how close can we get to the Shannon Limit
• Individually, as well as collectively, reliably and predictively
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Method
• Great insight into network health can be provided simply by using 

the DOCSIS 3.1 PNM feature Downstream Receive Modulation 
Error Ratio Per Subcarrier (RxMER) to determine OFDM signal 
fidelity at the CM tuner frontend

• The analysis toolset used is an in-house developed application 
called OpenPNM. It is currently being used for our DOCSIS 3.1 
trials in the evaluation of OFDM signal fidelity via RxMER and 
FEC Summary
– Also provides OFDM modulation profiles and leverages variable bit loading  
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Validating the Sensitivity of the CM 
RxMER via Signal Analysis
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Validating the Sensitivity of the CM RxMER 
via Signal Analysis

This test is to compare the CM’s ability to measure the MER accurately
at the receiver front end versus a lab quality signal analyzer. The
signal analyzer was configured to perform spectrum, vector, and
DOCSIS OFDM analysis.

If PNM-based metrics are to be used moving forward for critical plant
repairs and improvements, this evaluation is essential to determine the
performance and assessment of the OFDM signal fidelity from the
perspective of the CM.
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Validating the Sensitivity of the CM RxMER 
via Signal Analysis
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Validating the Sensitivity of the CM RxMER 
via Signal Analysis
Test results were within 0.3 dB of lab vector analyzer!
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OFDM Modulation Profile Transition
• Verify demotion of OFDM profiles in AWGN
• 3 profiles used (not all D3.1 features supported yet)

SetupConfiguration
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OFDM Modulation Profile Transition
• Test proved CM/CMTS capability to demote CM to lower profile
• Validates the sensitivity of the CM RxMER KPI in 3.1
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RxMER Analysis
• MER as proxy for SNR is now standardized across vendors

• OpenPNM application plots MER magnitude vs. subcarrier freq.
– MER varies from Rx level variation, ingress strength variation among 

subcarriers, or both

– In displaying the RxMER, user can observe any ingress or network 
impairments

– The following figures are from a Comcast DOCSIS 3.1 field trial 

– CMs with a standard deviation greater than one with a skewness value 
less than -1	were searched to detect sharp ingress 
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RxMER Analysis
Comcast’s	corporate	offices,	rather	than	
in	the	field,	which	shows	the	power	of	
the	centralized	monitoring	provided	by	
PNM	technology.

It	is	unknown	how	the	signal	ingress	
was	introduced,	but	one	can	see	the	
side	statistics	by	using	the	standard	
deviation	and	skewness	as	key	
performance	indicators	(KPI).		Using	
automation,	CMs	can	be	quickly	
screened	for	a	potential	problem.
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RxMER Analysis
• These are captured from 

a DOCSIS 3.1 field trial 
and indicate a type of 
oscillation in MER

• Both are showing a 
skewness of > -1, and a 
severity of MER 
response swing of a 
standard deviation of 
greater than 1 dB
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RxMER Analysis
• Figure 11 and Figure 13 

are captured from a 
DOCSIS 3.1 field trial 
and indicate a type of 
oscillation.

• Both are showing a 
skewness of > -1, and a 
severity of MER 
response swing of a 
standard deviation of 
greater than 1 dB. 
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RxMER Analysis

Skewness	<	-1	or	2.26
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RxMER Analysis
MER Per Subcarrier Channel Capacity

The previous slides shows the per-subcarrier channel capacity performance from
an MER point-of-view. Each subcarrier is evaluated against the required
minimum MER for bit-per-symbol (b/sym) or equivalent the order of modulation,
M-QAM.

Although the MER response shows multiple signals ingress that are causing a
reduction of MER for a subset of subcarriers, as is seen in Channel Capacity
Chart displays, the impact is limited to a reduction from 4K-QAM to 2K-QAM,
which means 12 b/sym to 11 b/sym. This gives a throughput reduction of about
8.5% if the CM is demoted to a lesser modulation profile.
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Conclusion
The two hypotheses of this paper were shown to be correct:

• A DOCSIS 3.1 CM with enhanced PNM functionality is indeed a
viable alternative to lab-quality test equipment

• Cable operators can indeed use DOCSIS 3.1 CMs to determine
how close the HFC can get to the upper bound of the Shannon
Limit both individually as well as collectively
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