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scope of those patents that are brought to its attention.
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1. Introduction

1.1. Executive Summary

This document describes test techniques for measuring RF thermal noise and RF “noise-like”
intermodulation with respect to desired RF signals.

1.2. Scope
This procedure defines the measurement procedure for determining the ratio of carrier to thermal noise
and “noise-like” interference for broadband telecommunications system components. The test involves
measuring the noise levels, or the combined noise plus “noise-like” intermodulation product levels,
relative to the carrier level of a CW signal. The noise contribution of the test equipment is also measured
to allow for correction of readings near the test equipment noise floor. ANSI/SCTE 96 2013, Cable
Telecommunications Testing Guidelines, has additional definitions common to this and other SCTE test
procedures.

1.3. Benefits
The use of these techniques will provide a standardized method to predict the effect of RF thermal noise
and “noise like” intermodulation on system performance. It will also provide a standard means of making
comparisons between the performance of various types of RF equipment.

1.4. Intended Audience
The intended audience contains both system operators and RF equipment manufacturers.

1.5. Areas for Further Investigation or to be Added in Future Versions

Future versions may contain a discussion of how to relate the results described herein to the performance
OFDM and OFDMA (either in a 6 MHz equivalent block or in a 25 kHz or 50 kHz subcarrier).

2. Normative References
The following documents contain provisions, which, through reference in this text, constitute provisions
of this document. At the time of Subcommittee approval, the editions indicated were valid. All documents
are subject to revision; and while parties to any agreement based on this document are encouraged to
investigate the possibility of applying the most recent editions of the documents listed below, they are
reminded that newer editions of those documents might not be compatible with the referenced version.

2.1. SCTE References

e ANSI/SCTE 96 2013: Cable Telecommunications Testing Guidelines

2.2. Standards from Other Organizations

o No normative references are applicable.

2.3. Published Materials

e No normative references are applicable.

AMERICAN NATIONAL STANDARD ©SCTE 5
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3. Informative References

The following documents might provide valuable information to the reader but are not required when
complying with this document.

3.1. SCTE References

¢ No informative references are applicable.

3.2. Standards from Other Organizations
¢ No informative references are applicable.

3.3. Published Materials

o No informative references are applicable.

4. Compliance Notation

This word or the adjective “required” means that the item is an

shall absolute requirement of this document.

This phrase means that the item is an absolute prohibition of this

shall not document.

forbidden This word means the value specified shall never be used.

This word or the adjective “recommended” means that there may exist
valid reasons in particular circumstances to ignore this item, but the
full implications should be understood and the case carefully weighted
before choosing a different course.

should

This phrase means that there may exist valid reasons in particular
circumstances when the listed behavior is acceptable or even useful,
but the full implications should be understood and the case carefully
weighed before implementing any behavior described with this label.

should not

This word or the adjective “optional” means that this item is truly
optional. One vendor may choose to include the item because a
particular marketplace requires it or because it enhances the product,
for example; another vendor may omit the same item.

may

Use is permissible for legacy purposes only. Deprecated features may
deprecated be removed from future versions of this document. Implementations
should avoid use of deprecated features.

5. Abbreviations and Definitions

5.1. Abbreviations

C/N carrier-to-noise ratio

CNR carrier-to-noise ratio

CCN carrier-to-composite noise ratio

CIN carrier-to-intermodulation noise ratio

CTN carrier-to-thermal noise ratio

Hz hertz

ISBE International Society of Broadband Experts
OFDM orthogonal frequency division multiplexing

AMERICAN NATIONAL STANDARD ©SCTE
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PEP peak envelope power
QAM guadrature amplitude modulation
SCTE Society of Cable Telecommunications Engineers

5.2. Definitions

Carrier to Noise ratio (C/N) Traditionally, the term used to describe the ratio of the peak level of
the visual carrier of an analog television transmission to the noise floor
of the transmission system. This term, when used generically, may
refer to the ratio of the carrier to all undesired noise and noise-like
signals. The terms CCN, CIN, and CTN are used to more clearly
identify the specific components of the noise floor. For this procedure,
CW carriers are substituted at equivalent levels to the peak visual
carrier levels.

Carrier to Composite Noise The ratio of the CW carrier to the combined noise plus noise-like

ratio (CCN) signal sources of non-thermal origin. This includes the thermal noise
(CTN), combined with the noise-like intermodulation products created
by beat products of analog and digital signals (CIN).

Carrier to Intermodulation The ratio of the CW carrier to the noise-like signals generated by the
Noise ratio(CIN) non-linearity of a broadband transmission system carrying a
combination of analog signals and digitally modulated signals. These
distortion products are analogous to the CSO and CTB products
generated by analog carriers, but due to the pseudo random nature of
the digital modulation signals, appear as a noise-like interference.
When CIN products fall within the analog portion of the spectrum,
their effect on the analog signal is similar to increasing thermal
(random) noise. Since CIN is a distortion product, its contribution is
dependent on the output signal level.

Carrier to Thermal Noise The ratio of the CW carrier to the thermal noise floor of the

ratio (CTN): transmission system, specifically excluding any contribution from
digital intermodulation products. (Note: for fiber optic systems, this
term may include noise components such as shot noise and relative
intensity noise (RIN), which are not strictly thermal, but are treated as
part of the optical system thermal noise contribution.)

Discussion: In traditional CATV networks that carry analog video the term “carrier” refers to the peak
envelope power (PEP) of visual carrier of the analog video channel. Today many networks have
completely eliminated analog video. Traffic is typically digital in nature and is carried over the RF
network by means of quadrature amplitude modulation (QAM) or Orthogonal frequency division
multiplexing (OFDM) which uses QAM to modulate individual subcarriers. QAM is a suppressed carrier
RF modulation technique. Consequently, there is no visible or easily measurable RF carrier to relate to
“carrier-to-noise” or similar measurements when these RF modulation techniques are used.

It is still useful to make noise measurements with respect to the equivalent PEP of an analog channel
visual carrier even though no such carriers may be present on the network during normal operation.
Typically, QAM is operated at a composite average channel power that is around 6 dB lower than that of
the PEP of the visual carrier of an analog television channel (the exact ratio of QAM average power to the
PEP of the visual carrier of an analog channel is well defined, but may vary from system to system).
OFDM is typically defined in terms of the average RF power in an RF bandwidth equal to that of QAM

AMERICAN NATIONAL STANDARD ©SCTE 7
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channel. This information may be used to relate the measurements described in this document to the
performance of modulation such as QAM or OFDM.

6. Equipment

ANSI/SCTE 96 2013, Cable Telecommunications Testing Guidelines, describes and specifies the
required test equipment in more detail.

6.1. Required Test Equipment

Signal Sources:
0 Multi-carrier RF generator
o Digital signal sources (modulators) or filtered noise source
o RF Amplifier: (if necessary)
0 Gain=10to20dB
o NF<10dB
o RF Attenuators:
0 75 Q switchable attenuator(s):
0 1dB steps, 0-10 dB range
0 10dB steps, 0-70 dB range
0 75 Q fixed attenuator(s): 3, 6, 10 & 20 dB values
e  Spectrum analyzer
e Interconnect cables and connectors
e Band Pass Filter (BPF), fixed or tunable, centered around carrier under test

7. Setup

o Follow all pre-test calibration requirements recommended by the manufacturers of the signal
generators and spectrum analyzer, including adequate warm-up and stabilization time.

e Connect the test equipment as shown in figure 1.

o Set the signal generators to provide all of the signals needed for the test, at the desired levels. If
appropriate, power the Device Under Test (DUT) under its normal operating conditions. Note that
the DUT may consist of a single device or a group of devices connected together as a system.

RF Signal
Source
(Analog; 0
CW)
! e ] e || FEd IIQI DUT Spectrum
AR — Analyzer

RF Signal RE Sigral *Optional
SD[I;!rﬁEII K Rereme. OV Compenents
HI: ,jlg|;é,j* Digtal or Hylord)
W10aU ]

Figure 1 - Test Equipment Setup

AMERICAN NATIONAL STANDARD ©SCTE 8
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8. Procedure

A flowchart of the test procedure is shown in figure 2. The numbers to the left of the blocks reference the

procedure steps.
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Figure 2 - Flowchart for Carrier to Noise Measurements
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8.1. Initial Adjustments

Adjust the spectrum analyzer settings as follows:

Center Frequency Carrier frequency of channel under test
Frequency Span 30 MHz

Resolution Bandwidth 30 kHz

Video Bandwidth 10 kHz

Video Averaging Off

Input Attenuation Auto (minimum 10 dB to start)
Vertical Scale 10 dB/div.

Detector Peak detection

Adjust the bandpass filter to peak and center the channel under test. The adjacent carriers on both sides
should be equally rejected, at least 10 dB relative to the channel under test.

Re-adjust the spectrum analyzer as follows:
Frequency Span 3 MHz
Video Bandwidth 30 Hz (or lower if sweep time is tolerable)

The noise floor should appear flat across the display, excluding local peaks for CTB and CSO.
8.2. Check for Test Equipment Noise Floor
Observe the level of the "signal” noise from the DUT.
Disconnect and terminate the cable going to the test equipment from the DUT output.
If the noise floor drop is less than 10 dB, reduce the spectrum analyzer internal input attenuator and re-
check the noise drop. Be sure to compare the "signal” noise to test equipment noise with the same

attenuator setting.

If with the spectrum analyzer input attenuator set to 0 dB the noise floor drop is still less than 10 dB, then
the use of the optional spectrum analyzer preamp is recommended.

Note: It is not unusual to have less than a 10 dB noise floor drop, even with the preamp. A correction
factor can be applied to correct for the test equipment noise contribution.

If an optional amplifier is used, the Noise Figure of the amplifier must be known or measured at the test
frequencies.

Reconnect the test cable.
8.3. Measure Carrier Level

Re-adjust the spectrum analyzer as follows:
| Video Bandwidth | 10 kHz |

Adjust the spectrum analyzer reference level to place the peak of the channel under test in the upper two
divisions of the display. The input attenuator setting may be adjusted for the carrier level measurement,
but must be returned to the setting determined in Section 5.2.3 afterwards. Changing the input attenuator
setting may affect the measurement results by the incremental accuracy of the attenuator.

AMERICAN NATIONAL STANDARD ©SCTE 10
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Set the marker to read carrier peak.
Measure and record the carrier peak, Cp, in dBmV.

If an optional amplifier is used, measure and record the carrier level Cp) at the input of the optional
amplifier.

Turn off the carrier for the channel under test (may not be necessary depending on the test).
8.4. Choose Noise Measurement Option

Normal Marker Method: This method uses the spectrum analyzer marker in normal mode. The marker
will display the noise level in the resolution bandwidth being used.

Noise Marker Method: This method uses the spectrum analyzer marker set to *Noise Marker". The
marker will display the noise level normalized to a 1 Hz bandwidth.

Select a method to be used for the noise measurements.

Look up or calculate the correction factor, CORgw, to correct the noise measurement for the system
bandwidth. See appendix 1 for more details. This correction will be used in steps 5.8.1 and 5.9.1.

Table 1 - Analyzer BW Correction for HP 8591x

System BW Normal Marker Correction Noise Marker Correction
4 MHz 23.3dB 66.0 dB
5 MHz 24.3dB 67.0dB

8.5. Measurement of Raw Composite Noise
[Note: If only analog carriers are being used for the test, this section is skipped.]

This is the measurement of the raw combined thermal noise plus digital intermodulation components,
prior to corrections for resolution bandwidth and test equipment noise contribution.

Re-adjust the spectrum analyzer as follows:

Video Bandwidth 30 Hz (or lower if sweep time is tolerable)
Video Averaging (optional) Multiple sweep averaging
Detector Sample detection

Move the marker to read a flat portion of the noise floor, between the peaks for any CTB or CSO. In some
analyzers, the noise marker function averages multiple points around the displayed marker value.
Therefore, the noise marker should be placed at least one half a horizontal division away from any non-
flat area. If desired, the frequency span may be adjusted to spread out the flat portion of the noise floor.
The resolution bandwidth must remain set to 30 kHz.

Measure and record the average Raw Composite Noise level, Ncomp-raw, in dBmV.
Remove the digital signal source, and terminate the combining point.
8.6. Measurement of Raw Thermal Noise

This is the measurement of the DUT raw thermal noise, prior to corrections for resolution bandwidth and
test equipment noise contribution.

AMERICAN NATIONAL STANDARD ©SCTE 11
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Re-adjust the spectrum analyzer as follows:

Video Bandwidth 30 Hz (or lower if sweep time is tolerable)
Video Averaging (optional) Multiple sweep averaging
Detector Sample detection

Move the marker to read a flat portion of the noise floor, between the peaks for any CTB or CSO. In some
analyzers, the noise marker function averages multiple points around the displayed marker value.
Therefore, the noise marker should be placed at least one half a horizontal division away from any non-
flat area. If desired, the frequency span may be adjusted to spread out the flat portion of the noise floor.
The resolution bandwidth must remain set to 30 kHz.
Measure and record the average Raw Thermal Noise level, Nty.raw, in dBmV.
[Note: This procedure assumes no significant noise contribution from the RF Signal Sources.]

8.7. Measurement of Test Equipment Noise floor

This measurement is made to determine if any correction should be applied to the earlier measurements to
account for the contribution of test equipment noise.

Disconnect the Device under test at its output, and terminate the cable that goes to the test equipment.
Measure and record the Test Equipment Noise Floor, Nvg, in dBmV.

Determine the difference (in dB) between the measured Test Equipment Noise and the previously
measured Composite Noise and Thermal Noise

Naropt = Ncomp-raw — NTe (1)
Ndrop2 = NtH-raw — NTE (2)

If the test equipment noise floor drop is greater than 2 dB a correction factor can be applied to the noise
measurements. Determine the correction factor from the formulae or from Table 2:

N dropl ]

COR 4, = [10- log 1_10-[10 @)

Ndropz
COR 4y, =[10-l0g| 1-10 [ 10 ] )

AMERICAN NATIONAL STANDARD ©SCTE 12
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Table 2 - Noise Near Noise Corrections

Noise Drop (dB) | Noise Correction Noise Drop in dB Noise Correction
(dB) (dB)
2.0 4.3 8.0 0.7
2.5 3.6 9.0 0.6
3.0 3.0 10.0 0.5
35 2.6 11.0 0.4
4.0 2.2 12.0 0.3
5.0 1.7 13.0 0.2
6.0 1.3 14.0 0.2
7.0 1.0 15.0 0.1

If the test equipment noise floor drop is less than 2 dB, then see ANSI/SCTE 96 2013 for the limits on
noise near noise corrections.

If the test equipment noise floor drop is greater than 15 dB, then the correction factor is insignificant.
8.8. Calculation of Carrier to Thermal Noise (CTN)

Calculate the corrected thermal noise signal, Ntw, by applying the correction factors for measurement BW
(from 5.4) and for test equipment noise contribution (from 5.7) to the measured raw thermal noise.

NtH = NT1Horaw + CORaw — CORGdrop2 (5)

Calculate the Carrier to Thermal Noise (CTN) by taking the difference between the measured carrier level
and the corrected thermal noise signal level.

CTN = Cp - NTH (6)

8.9. Correction for Thermal Noise Contribution of an optional Post Amp if the
difference between the post amp C/N and the measured C/N is less than
15dB

Calculate the CN contribution of the optional Post Amp.
CNp=-((-59 + NF) - Cp)) (for 4AMHz BW) (11)
Calculate the net CTN of the DUT alone if a post amp is used.
CTNner = -1010g(10¢CTN0) _ 10(CNp/10)) (12)

8.10. Calculation of Carrier to Composite Noise (CCN)
[Note: If only analog carriers are being used for the test, this section is skipped.]

Calculate the corrected composite noise signal, N¢, by applying the correction factors for measurement
BW (from 5.4) and for test equipment noise contribution (from 5.7) to the measured raw thermal noise.

Ncomp = Ncomp-raw + CORew — CORGgrop1 @)

AMERICAN NATIONAL STANDARD ©SCTE 13
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Calculate the Carrier to Composite Noise (CCN) by taking the difference between the measured carrier
level and the corrected composite noise signal level.

CCN = Cp — Nco|v|p (8)
8.11. Calculation of Carrier to Intermodulation Noise (CIN)
[Note: If only analog carriers are being used for the test, this section is skipped.]

Calculate the digital intermodulation “noise” signal, Npic from the corrected composite noise and
corrected thermal noise.

Npe =10- |Og(10(N°°MP/lO) —10(NT”/10)) 9)

Calculate the Carrier to Intermodulation Noise (CIN) by taking the difference between the measured
carrier level and the calculated digital intermodulation signal.

CIN = Cp - ND|G (10)

Cp, carner peak

—— CTE and C30 beats

Misaw , 1w composite noise
11, cormected composite noise

HTH. g, raw thermal noise

Bty . corrected thermal noise™

Mg, intermodulation “noise™

bltE , test eguipment noise

* The corrections shown here
¢ are for test equipment noise

i contribution only, bandwidih
| corrections are ruot shown.

Figure 3 — Sketch of Noise Components
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Appendix 1 - Spectrum Analyzer Corrections for
Noise Measurements.

For NTSC format, the carrier to noise (C/N) is defined within a 4 MHz bandwidth. Since the
measurements are made using a spectrum analyzer set to 30 kHz resolution bandwidth, a correction must
be applied to account for the analyzer bandwidth setting, the internal IF filter shape, and the analyzer
detection method.

Normal Marker Method: This method uses the spectrum analyzer marker in normal mode. The marker
will display the noise level in the resolution bandwidth being used.

Noise BW
COR,,, =10-log| — + Log Amp Factor (A1)
Filter Shape Factor - Res BW
Noise BW = Desired Noise Bandwidth (4.0 MHz for NTSC)
Filter Shape Factor = Filter correction based on noise power passed versus a true square-
sided noise filter (to be supplied by spectrum analyzer vendor)
Res BW = Spectrum analyzer’s resolution bandwidth
Log Amp Factor = Correction for log amplifier and Rayleigh distribution errors

(nominally 2.5 dB)

Example:

Analyzer Type Hewlett Packard 8591E

Filter Shape Factor 1.12

Log Amp Factor 2.5dB

Resolution Bandwidth 30 kHz

Noise BW 4 MHz

CORBW==10409(——ﬂ§@j£——j+25d8==2325dB
1.12x30 kHz

Noise Marker Method: This method uses the spectrum analyzer marker set to "Noise Marker". The
marker will display the measured noise level normalized to a 1 Hz bandwidth. The correction factors for
the IF filter shape and log amp factors have already been included in the spectrum analyzer programming.
Only the bandwidth correction is needed.

Noise BW
COR., =10-log| —— A2
10 B .
Example:
| Noise BW | NTSC (4 MH2) |
4 MHz
COR., =10-lo =66.0dB
B g( 1Hz J

AMERICAN NATIONAL STANDARD ©SCTE 15
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Appendix 2 — Example Calculations

Example 1: Normal Marker Method:

Step

43
44
45
46
47

4.8

4.10

411

Measurement or Calculation

Ce =48.0 dBmV (measured)

CORgw =23.3dB (from table 1)
Ncomp-raw = -26.0 dBmV (measured)
NtH-raw = -27.0 dBmV (measured)
Nte =-35.0 dBmV (measured)
Narop1 = Ncomp-raw — NTe

=-26.0 - (-35.0)

=9.0dB
Narop2 =NtH-raw — NTE

=-27.0 - (-35.0)

=8.0dB

CORdropr = 0.6 dB (from table 2)
CORdrop2 = 0.7 dB (from table 2)

NtH = Ntn-raw + CORaw — CORGrop2
=-27.0+23.3-0.7
=-4.4 dBmV

CTN =Cp—Nrn
= 48.0 - (-4.4)

CTN =52.4dB

Ncomr = Ncowmp-raw + CORgw — CORGgrop1
=-26.0+23.3-0.6
=-3.3dBmV

CCN = Cp — Ncowmp
= 48.0-(-33)

CCN =51.3dB

Now = 10+log(10Meow/ 10 _ 10(N:10) )

= 10-log(10(-3:3/10) _ 10(44/10) )
= 10-l0g(0.4677 — 0.3631)
= 10-l0g(0.1046)

=-9.8 dBmV
CIN =Cp—Nbic

= 48.0- (-9.8)
CIN =57.8dB

AMERICAN NATIONAL STANDARD

Example 2: Noise Marker Method:

Step
4.3

44
45
46
47

4.8

4.10

411

©SCTE

Measurement or Calculation

Ce =48.0 dBmV (measured)
CORgw =66.0dB (from table 1)
Ncowmp-raw = -68.7 dBmV (measured)

NtH-raw = -69.7 dBmV (measured)
Nte =-77.7 dBmV (measured)
Narop1 = Ncomp-raw — NTe

=-68.7 - (-77.7)

=9.0dB
Narop2 =NtH-raw — NTE

=-69.7 — (-77.7)

=8.0dB

CORdropr = 0.6 dB (from table 2)
CORudrop2 = 0.7 dB (from table 2)

NTH = Ntn-raw + CORaw — CORGrop2
=-69.7+66.0-0.7
=-4.4 dBmV

CTN =Cp—Nrn
= 48.0 - (-4.4)

CTN =52.4dB

Ncomp = Ncowmp-raw + CORgw — CORGgrop1
=-68.7+66.0 - 0.6
=-3.3dBmV

CCN = Cp — Ncowmp
= 48.0-(-33)

CCN =51.3dB

Now = 10+log(10Meow/ 10— 10(N10) )

= 10-log(10(-3:3/10) _ 10(44/10) )
= 10-l0g(0.4677 — 0.3631)
= 10-l0g(0.1046)

=-9.8dBmV
CIN =Cp—Nbic

= 48.0- (-9.8)
CIN =578
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