DOCSIS® 3.1 Component Tests
Application Note

Products:

1 R&S®CLGD
1 R&S®SFD

1 R&S®FSW

The need for higher data rates and flexibility for IP and Cable TV (CATV) has led to the introduction of
DOCSIS®3.1. With channel bandwidths up to 192 MHz and 96 MHz on the downstream and upstream
respectively as well as the cable network frequency extension up to 1.2 GHz (1.8 GHz as a future extension)
the technical requirements of cable components have increased significantly. This application note describes
a test scenario tor testing cable components with an R&S®CLGD Cable Load Generator for DOCSIS 3.1 or
R&S®SFD DOCSIS 3.1 Generator and an R&S®FSW Signal & Spectrum Analyzer.

Note:

Please find the most up-to-date document on our homepage
http://www.rohde-schwarz.com/appnote/1IMA285.

This document is complemented by software. The software may be updated even if the version of the
document remains unchanged
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Introduction

Wideband cable networks were originally designed as a feeder system for terrestrial
broadcast receivers and networks. Nowadays these consist of hybrid optical / electrical
components and are still partially used as a radio and television distribution network. In
addition to this many operators also offer fast internet and telephony on the same
networks, so called “triple play”.

With traditional single-carrier signals such as DOCSIS 1.0 to 3.0, EURO-DOCSIS, the
transmission quality strongly depends on the frequency and phase response of the
transmission chain. This led to the OFDM based standards DVB-C2 and DOCSIS 3.1
which are more immune against frequency and phase distortion.

With spectrum bandwidths up to 192 MHz for downstream and 96 MHz for upstream
the technical requirements of cable components have increased significantly.

This application note describes a test scenario tor testing cable components with an
R&S®CLGD Cable Load Generator for DOCSIS 3.1 or R&S®SFD DOCSIS 3.1
Generator and an R&S®FSW Signal & Spectrum Analyzer with FSW-K192 DOCSIS
3.1 downstream analysis option. Since DOCSIS 3.1 components must also be
backward compatible to preceding standards this application note also contains the
tests scenarios for determining Composite Second Order (CSO) / Composite Triple
Beat (CTB), Carrier to Noise (C/N), Amplitude Modulation — Intermodulation (AM-
XMod), Noise Power Ratio (NPR) and Bit Error Rate (BER) with the same test
equipment.

1 The R&S®CLGD Cable Load Generator for DOCSIS 3.1 is referred to as CLGD.
[ The R&S®SFD DOCSIS 3.1 Generator is referred to as SFD.

1 The R&S®FSWxx Spectrum Analyzer is referred to as FSW.

1 The R&S®RAM is referred to as RAM.

[ R&S® means Rohde & Schwarz GmbH und Co KG

1 DOCSIS® is a registered trademark of CableLabs®
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CATV Network Components

2 CATV Network Components

A CATV network consists of numerous sections with different components:

1 Network section 3: Fiber, 75 Ohm coax technology using CATV amplifiers

1 Network section 4: distribution network inside the homes

1 Network section 5: connection between access point and end user equipment

Network Section 4

Afaaa
! 1t 3

Network Section 4

Distribution
Network
Section 3

Opt./electr.
m converter
5..40km

Fig. 2-1: CATV network sections 3 and 4

The network section 3 contains A-LINE and B-LINE amplifiers that supply city districts,
C-LINE amplifiers that supply streets and D-LINE (drop cable) amplifiers that supply
houses.

Trunk Line

C-Line ’
C-Line l D-Line

Fig. 2-2: CATV Architecture

Furthermore CATV network also consists of filters, splitters, taps and cables which all
contribute to the power spectrum, signal-to-noise-ratio (SNR) and distortion, ultimately
affecting the signal quality and maximum data throughput.

Rohde & Schwarz DOCSIS® 3.1 Component Tests 5
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3 DOCSIS 3.1 and CATV Specifications

The DOCSIS 3.1 measurements in the following sections are based on the DOCSIS
3.1 Pocket Guide, Physical Link Layer by CableLabs. The most common tests are
implemented in the FSW-K192 option.

MAGNITUDE CAPTURE (see 3.1.1) - Magnitude vs. time
POWER SPECTRUM (see 3.1.2) - Power density (power/Hz) vs. frequency

RESULT SUMMARY (see 3.1.3) - Numerical results for the main DOCSIS 3.1
parameters

CONSTELLATION (see 3.1.4) - In-phase / quadrature phase results for the currently
selected frame.

MER vs SymBoOL X CARRIER (see 3.1.5) - Modulation error ratio per carrier and
symbol for the currently selected frame.

The CATV measurements described in the following chapters (CSO/CTB, AM-XMod
etc.) are based on SCTE standards which can be downloaded from the SCTE website.

CSO/CTB (Composite Second Order / Composite Third Beat, see 5.3) — The sum
of all products that happen to fall at the same nominal frequency in a multi-tone
system.

CNR (Carrier to Noise Ratio, see 5.4) — Measures the ratio of carrier to thermal
noise and “noise-like” interference for broadband telecommunications system
components.

AM-XMoD (Amplitude Modulation Cross Modulation, see 5.5) — Cross modulation
is the transfer of modulation from one signal, typically a much stronger one, to
another signal, typically a weaker one, due to non-linearity in the receiver chain.

NPR (Noise Power Ratio, see 5.6) — The NPR measurement technique can
characterize the linearity of a wide band amplifier over a custom frequency range.

BER DS (Bit Error Rate Downstream, see 5.7) — This test measures BER of
downstream (forward path) broadband telecommunications QAM signals.

Rohde & Schwarz DOCSIS® 3.1 Component Tests 6



Measurement Setup

4 Measurement Setup

4.1 CLGD and FSW

The controller PC and CLGD can be directly connected with a LAN cable or via LAN
switch. The FSW can optionally be connected to the LAN switch in case of remote use.
The LAN switch can be connected to a DHCP server e.g. company network which
allows the use of IP address independent symbolic instrument names, e.g. RSCLGD-
123456 or FSW26-123456.

FSW with K192 option

CLGD Downstream Low Rt TGy
B R oomint oo coamna S - -
Pr— )] [
Ref In O
AN 50Q
Switch Ref Out
10 MH Z | e RAM
L E-Eeae 0 111 © o &

LAN
to DHCP server

Fig. 4-1: Component test setup with CLGD and FSW

Under real conditions the bulk of the DUT (line amplifier, etc.) bandwidth is used by
various signals. In order to simulate real world conditions it is necessary to feed
additional DOCSIS 3.1, DOCSIS 3.0, DVB-C and analog TV signals to the DUT.

A
£
2 fAnalog TV DVB-C | DOCSIS 3.1 |DOCSIS 3.0/ DOCSIS 3.0{ DOCSIS 3.0
é Fe= 404 MHz
@} nchamnels | nchannels n channels n channels n channels
Bandwidth / MHz e.g. 862 MHz

Rohde & Schwarz DOCSIS® 3.1 Component Tests 7



Measurement Setup

3e

4.2

The CLGD and FSW with K192 option is an all-in-one solution for generating and
analyzing all types of CATV signals (FSW-K70 option must be used in case of measuring
DOCSIS 3.0 or single-carrier signals) used in this application note.

In Mixed Mode the CLGD can generate up to 3 DOCSIS 3.1 channels (4 with extended
frequency license), DOCSIS 3.0 or ARB signals. The DOCSIS 3.x signals can contain a
real data stream fed into LAN input or simulate it. In this example it is convenient to
generate 3 adjacent DOCSIS 3.1 channels at 204 MHz, 404 MHz and 604 MHz and fill
up the unused bandwidth with DOCSIS 3.0 and DVB-C channels.

SFD and FSW

The controller PC and the SFD can be directly connected with a LAN cable or via LAN

switch. The FSW can optionally be connected to the LAN switch in case of remote use.
The LAN switch can be connected to a DHCP server e.g. company network which

allows the use of IP address independent symbolic instrument names, e.g. RSSFD-

123456 or FSW26-123456.

The combination of an SFD with an FSW with K192 option is an alternative for expanding
existing CATV measurement systems with DOCSIS 3.1. The SFD can generate one
DOCSIS 3.1, DOCSIS 3.0 or DVB-C signal at a time and must be added to an existing
measurement system via external combiner (Fig. 4-2).

Control LANT

generator

Analog TV
generator

1 DOCSIS 3.0 kuwunn

DOCSIS 3.1

3]

=

! Q0
| wmmnnp| £ RAM [75Q

L= o

: ..* O
Pao FSW with K192 option [292
Ih' e (=== R FAS Lr_;r_\;
Llll: 45 :
‘ Ref Out ,
10 MHZ | mee———————————— <« Y
cE-aeae 0 111 © ¢ & P -

LAN
Switch

to DHCP server

LAN

Fig. 4-2: Component test with SFD and FSW

When using an external combiner the resulting output level + DUT gain (e.g. 41 dB)
should not exceed the specified DUT maximum output level (e.g. 126 dBpV = 66 dBmV).

Rohde & Schwarz DOCSIS® 3.1 Component Tests
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421

4.2.2

The unit for levels used in Europe is usually dBuV which can be also chosen in the
CLGD and SFD menu. The remote commands of these instruments only support
dBmV. In order to have similar results with manual and remote measurements it is
convenient to use dBmV which is the default unit used by SFD and CLGD.

Compensating R&S®RAM Matching Pad

The RAM Matching Pad is specified with e.g. 7.5 dB attenuation in the 75 Q to 50 Q
direction. Compensate the attenuation on the FSW by pressing AMPT —» AMPLITUDE

CONFIG - OFFSET = 7.5 dB.

Amplitude sScale

Refarence Level

Value 54.49 dBmV

Offset

Unit

Fig. 4-3: Compensate matching pad on FSW

Network Configuration of CLGD, SFD and FSW

If all devices are to be connected to a specified network, it is necessary to use DHCP in
order to obtain an IP address from the name server.

With CLGD or SFD perform following steps:

1 Disconnect your PC from the company network.

1 Set the PC to a fixed LAN address, e.g. 192.168.10.20.

Rohde & Schwarz DOCSIS® 3.1 Component Tests 9
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Networking

™ .

Connect using: Internet Protocol Version 4 (TCP/IPv4) Properties

l? Intel{R) 82575LM Gigabit Network Connecti

This connection uses the following items:

.?Cliem for Microsoft Networks

I File and Printer Sharing for Microsoft Netv
93 QoS Packet Scheduler

4 Intemet Protocol Version 4 (TCP/IPv4)
4. Link-Layer Topology Discovery Mapper 14
4 Microsoft Network Adapter Muttiplexor Prc
2. Microsoft LLDP Protocol Driver ‘

NRO KKK KK

1

Install.... Uninstall

Description

Transmission Control Protocol/Intemet Protocol,
wide area network protocol that provides commi
across diverse interconnected networks.

OK

Fig. 4-4: Set PC to fixed IP address

General

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(O) Obtain an IP address automatically
(®) Use the following IP address:

IP address: [192.168. 10 . 20 |
Subnet mask: [ ps55.255.255. 0 |
Default gateway: I l

Obtain DNS server address automatically

(®) Use the following DNS server addresses:

Preferred DNS server: I . . 2 I

Alternate DNS server: I . 3 3 I

[Jvalidate settings upon exit A

1 Open the browser on the PC and type in the CLGD or SFD default IP address
192.168.10.1. The CLGD or SFD web interface appears.

1 Select NETWORK - NETWORK TYPE =

DHCP and press APPLY.

odLEwdy [REN-H NN
Netwark Tyoe o [3

Fig. 4-5: Select Network Type DHCP

1 Close the browser, set your PC to DHCP (OBTAIN AN IP ADDRESS AUTOMATICALLY)
again and reconnect it with the company network.

1 Open your browser and type in the default name of the device “http://<Devtype>-

<Serial number>.local”, e.g.

http://rsclgd-101682.local/ or http://rssfd-

101431.local/ to open the CLGD or SFD web interface.

The FSW is set to DHCP by default. You can either open the web interface by typing e.g.
http://FSW26-101794.local/ or using the significantly faster WINDOWS REMOTE DESKTOP.

In order to control the CLGD or SFD press TAKE CONTROL first.

3e Rohde & Schwarz DOCSIS® 3.1 Component Tests 10
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Measurement Setup

J,l" DOCSIS Signal Generator

0 rssfd-101431 ocal
¥
ROHDE&SCHWARZ

Operating Downstream
Mode

TX Mode Off

Cmd Mode SKMP

Take Control |

Fig. 4-6: Press Take Control
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5.1

5.1.1

Measurements

Some measurement require additional configuration or data files to be uploaded to the
CLGD, SFD or FSW. After downloading 1IMA285 FORUM_SCRIPTS.zIP from
http://www.rohde-schwarz.com/appnote/1MA285.html and unzipping it, these files can
be found in <USER DIRECTORY>/1MA285 — FORUM SCRIPTS/REQUIRED FILES.

Measuring DUT Output Power (CLGD / SFD)

Generating DOCSIS 3.1 Signals with CLGD

4.2 W Power Supply
PLL Surmrmary

DLL Surmmary
Reference Source
Temperature Surmmary
Fan Surnmary

Power Supply Summary

Unit Information:
Software Version (svn)

Highband FPGA Logic
Warsion

Lowhband FPGA Logic
Wersion

Board Part Mumber
Board Parts List Revision

| Presst |
| Apphy || Undo |

Serial Mumber

Unit Configuration:

Configuration File

Operating Mode

03.0 Maode

DOCSIS 3.1 PLC Mode
External Source Selection
Attenuation (dB)

Digital Clipping Margin
User Reference Adjust
User Reference Yalue
Factory Reference Yalue
RF Tilt (dB/GHz)

Power Units

RF Path

Fig. 5-1: CLGD Home configuration

12.02
426
0K
0K

EXTERMAL 10.00 MHz

0K
0K
0K

77524

TEBS1

7ran

13158531
F
101562

[Factory Defaulf]

MIXED
JE5E

F S\ Compatibility:
EXTERMAL 10.00 MHz

OFF

dBmY

Laow

EIE]E]E]

0.0
0.0

]

32768
334984
0.0

£
=

The yellow colored control values differ from default. They change to white after pressing

APPLY.

Rohde & Schwarz DOCSIS® 3.1 Component Tests 12
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51.2

Select DOCSIS 3.1 menu.

1 oM |z| IZDﬂMHz(CENTER)

SuhcamersaEDD

25.0

DOCSIS 3.1 Channels & Profiles

50 [+ s

2104 TEST[+]

1001 || QAMB4 [+ ]

A
B
o]
D

Fig. 5-2: CLGD Downstream configuration

In the DOWNSTREAM menu set the CARRIER DEFINITION (e.g. Channel =

QAN E
QAN 287256
QAM409E
QAMS12

[=] mowE 10200 Obis
E| MOME 10201 Ohis
|Z| MNOME 10202 0 bis
E| MOME 10203 Obis

FILL [+]
FILL [+
FILL [+
FILL [+

1778
1778
17748
1778

Advar\ cad

204 MHz Center),

the NCP ORDER (e.g. QAM64), the PROFILE CONSTELLATION for each PROFILE ID and
each PROFILE SOURCE to FILL. Do the same for Channel 2 = 404 MHz and Channel 3 =

604 MHz

After setting up the POWER (25 dBmV + 41 dB (DUT gain) =

MODULATOR STATE = ON and press APPLY.

Generating DOCSIS 3.1 Signal with SFD

Downstream
Upstream
Impairments
Tirming
Metwark
User Files
Licences
Error Clusue
Help

Apout

| Preset |

| Apply || Unda |

1 W PUWED SUpPIY
4.2 % Power Supply
PLL Summary

DLL Summary
Reference Source
Temperature Summary
Fan Summary

Power Supply Summary

Unit Information

Software Version (svn)
FPGA Logic WYersion
Board Part Mumber
Board Parts List Revision

Serial Wumber

Unit Configuration

Configuration File
DOCSIS 3.1 PLC Mode
Attenuation (dB)

Digital Clipping Margin
User Reference Adjust
User Reference Walue
Factory Reference Walue
RF Tilt (dB/GHz)

Power Units

Fig. 5-3: SFD Home configuration

External 10.00 MHz

79498
78407
132707-1
B
101431

[Factary Defaulf]
FEW Compatibility
0o

|E

Off

=]

32768
34334
0o
dBmy

[«]

66 dBmV = 126 dBuV) turn
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5.1.3

Select the menu item DOWNSTREAM.

DGCsSIS 3.0 Imal Arh

Time

Power Windowin:
Transmit Carrier Definition FFT Size 4 Cyclic Prefix {us) Continuous Pilot Parameter Interleaver
(dBmy) {us)
Depth
on[v]  [s0anthz Eenten 25 4K [~] 125 [+] 50 [+] 3 2
Subecarriers: 3800
Timing Sync PLC Location PLC NCP Order Profile ID Profile Profile Port Profile
Source Constellation Source
Port
Aute [+ 2104 1000 aPsK [+] A QAMIE  [v] o Mome | q001 | Db Fill [+]
| QAN128/156 || Mome 1002 | Obis Fill [~]
c QAMADGE  v] Moene 1003 | Obis Fill [=]
QAMET 2 E| Mone | 1004 O biz Eill |Z|

Fig. 5-4: SFD Downstream configuration

In the DOWNSTREAM menu set the CARRIER DEFINITION (e.g. 404 MHz Center), the NCP
ORDER (e.g. QAMG64), the PROFILE CONSTELLATION for each PROFILE ID and each
PROFILE SOURCE to FILL.

After setting up the POWER (25 dBmV + 41 dB (DUT gain) = 66 dBmV = 126 dBuV) turn
TRANSMIT = ON. Then press APPLY to activate the changes.

FSW Configuration and Measurement

For determining the DUT output power over the full bandwidth use the CHANNEL POWER
ACLR function of the FSW.

1 Switch to SPECTRUM mode.

1 Set Start and Stop Frequency according to the required regional network lower
band limit. Typical band limits are 48 MHz, 85 MHz and 105 MHz. 204 MHz is used
for extended DS frequency up to 1.8 GHz. In this example we will stick to the DUT
limits, fstart= 4 MHz, fstop = 864 MHz.

1 Set AMPIliTude — UNIT to dBmV.

| Select MEASuUrement - CHANNEL POWER ACLR.

Power Measurements Statistics Measurements

[ =]
L il
Channel Power ACLR APD

IR

By

s

CCDF

Fig. 5-5: Select Channel Power ACLR measurement

1 In CHANNEL SETTINGS set CHANNEL COUNT Tx =1 and Adj = 0.

Rohde & Schwarz DOCSIS® 3.1 Component Tests 14
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The Tx 1 channel occupies the full DUT bandwidth (e.g. 860 MHz).

General Settings Channel Settings

Manage User Standards

Bandwidths Spacing Limits Weighting Filters Names

14.0 kHz

Fig. 5-6: ACLR Setup

Tx1(REF) displays the DUT output power which should not exceed e.g. 66 dBmV = 126
dBpV. In this example the cables leading to and from the DUT have not been
compensated which result in the measured power being lower than the expected 66
dBmV.

Multiview == Spectrum Video Bandwidth

Att

—
Ref Level 54,43 dimy  Offset =

SWT

1 ACLR e iRm

15.77 dBmV
260.000 MHz

1001 pts 86.0 MHz/ 864.0 MHz

None
Offset Power
58.02 dBmV
58.02 dBmV

Fig. 5-7: Spectrum view of DUT bandwidth
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5.2 DOCSIS 3.1 Measurements with FSW-K192 Option (CLGD
| SFD)

1 For first time use it is recommended to preset the FSW.

1 Press the MoDE button and select DOCSIS 3.1.

Mev 100.00 ' Freq 204.0MHz Capture Time 16 ms

Signal + Spectrum Analyzer Multi-Standard Radio Analyzer Multi-Standard Real-Time

New 5 o
Channel . @

Spectrum Real-Time Spectrum| 1XEV-DO BTS 1XEV-DO MS 3G FDD BTS H
Replace = B
Current 3G FDD UE 802.11ad r Analog Demod Avionics |
Channel

] 2
CDMA2000 BTS CDMA2000 MS DOCSIS 3.1 GSM IQ Analyzer

[H]
LTE MC Group Delay Noise Phase Noise Pulse
TD-SCDMA BTS TD-SCDMA UE Transient Analysis WLAN

Duplicate
Current Channel

Fig. 5-8: FSW modes

1 If PRESET had been performed shortly before, the DOCSIS 3.1 panel will appear
with 4 measurement windows, MAGNITUDE CAPTURE, POWER SPECTRUM, RESULT
SUMMARY and Constellation. Add MER vs. SYmB X CARRIER.

MultiView =2 Spectrum x DOCSIS 3.1 x

Ref Level 4.0 n 04.0 Capture Time 16 ms
t 3 Frames 4 of 4

5 MER vs Symb X C. o 2 Power Spectrum el Cl

A bt b S L U

|

0.0s ) - 16.0 ms Comer tumeer CF 404.0 MHz 20.48 MHz/ Span 204.8 MH‘Z
3 Result Summary 4 Constellation
Frame Results Mean Limit Min
dB 39.33 39.31
39.26 39.24
45.09 44.88
-0.11 -0.13
0.00 0.00
it [rms] 2.98 -
-7.40 -7.40
itaining PLC [dBm] -21.47 -21.48
n NN n nn

Fig. 5-9: Selected DOCSIS 3.1 measurements
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5.2.1

5.2.2

5.2.3

1 Set the FREQUENCY to the generator’s center frequency, e.g. 404 MHz.

1 The quality of the measurement results depends on perfectly set input gain. Press
AUTO SET - AUTO LEVEL, then AuTo SET FROM PLC & RUN to optimize the input
gain.

From PLC &
Run

Fig. 5-10: Auto Level soft button

Magnitude Capture

The Magnitude Capture display shows the magnitude vs time data captured in the last
measurement. Green bars at the bottom of the Magnitude Capture display indicate the
individual detected frames with their frame number. The blue bar indicates the
currently Selected Frame which is evaluated for graphical result displays. Increasing
MER Frame Results and a more clearly defined Constellation indicate better signal
quality.

Power Spectrum

This result display shows the power density (power/Hz) vs frequency values obtained
using an FFT. The evaluation is performed over the complete data in the current
capture buffer, without any correction or compensation. The power unit depends on the
Unit setting.

Result Summary

The result summary provides the numerical results for the main DOCSIS 3.1
parameters summarized over a specified number of frames or for a single frame. This
is the currently Selected Frame as indicated in the "Magnitude Capture" display. If
more than one frame is evaluated (if analyzing a single frame is disabled), a statistical
evaluation of the specified "Frame Statistic Count / Number of Frames to Analyze" or
for all detected frames in the capture buffer is also performed. In this case, the
minimum, maximum and mean values are displayed, as well as the defined limit, if
available.

Rohde & Schwarz DOCSIS® 3.1 Component Tests 17
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5.2.4

5.2.5

Constellation

This result display shows the in-phase and quadrature phase results for the currently
Selected Frame as indicated in the "Magnitude Capture” display. The
Tracking/Channel Estimation according to the user settings is applied. The inphase
results (1) are displayed on the x-axis, the quadrature phase (Q) results on the y-axis.

4 Constellation

Fig. 5-11: Full sized Constellation view with NCP, PLC, 4 active profiles and pilot

MER vs Symbol X Carrier

Displays the modulation error ratio per carrier and symbol for the currently selected
frame as indicated in the "Magnitude Capture" display. The carriers are displayed on
the x-axis and the symbols on the y-axis. The MER is color-coded according to its level
and is indicated as a colored dot for each symbol and carrier. The legend for the color
coding is provided by a color bar at the top of the diagram.

5 MER vs Symb X Carrier
_10dB

Carrier Number

Fig. 5-12: MER vs. Symb X Carrier

Rohde & Schwarz DOCSIS® 3.1 Component Tests 18
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5.3 CSO/CTB Measurements (CLGD)

COMPOSITE SECOND ORDER (CSO):

DISCRETE SECOND ORDER (DSO) is an individual, second order intermodulation product,
produced when one or two carriers pass through a non-linear component. The sum of
all DSO products that happen to fall at the same nominal frequency in a multi-tone
system. CSO is defined as the difference, in dB, between the RMS voltage of the
carrier measured at its peak and the RMS voltage of this sum. This procedure
describes a technique for measuring this difference using a spectrum analyzer (SA) in
the LOG mode. For consistency with existing measurements and specifications, the
results of measurements made using any other technique must be correlated with the
results from this technique.

CoMPOSITE TRIPLE BEAT (CTB):

DISCRETE THIRD ORDER (DTO) is an individual, third order intermodulation product,
produced when one, two or three carriers pass through a non-linear component. The
sum of all DTO products in a multi-tone system that happen to fall at the same nominal
frequency in a multi-tone system. CTB is defined as the difference, in dB, between the
RMS voltage of the carrier measured at its peak and the RMS voltage of this sum. As
with CSO, this procedure describes a technique for measuring this difference using a
SA in the LOG mode. For consistency with existing measurements and specifications,
the results of measurements made using any other technique must be correlated with
the results from this technique.

This measurement requires multiple DOCSIS 3.0 channels which is a feature of the
CLGD. Use the test setup as shown in Fig. 4-1.

On the CLGD load the configuration file CSO_CTB_80CW_PORT_Low_ON.CFG. This
defines the frequency plan of 80 CW channels, sets Modulator State of Channel 1 to 80
ON and Power = 0 dBmV. It is convenient to use its DOWNSTREAM LOw output because
it requires no setup change for all further measurements. Set all channels to Power = 30
dBmV (A-Line amplifier) or 25 dBmV (C-Line amplifier).

‘ Power * ‘

Pawer [dBmwy) 30

@ Absaolute

Power adjustment type:
’V Relative

Apply to all rows? J

Fig. 5-13: Set level of marked channels
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Channel ¢ Block %+ Modulator State
1 1 oN [+]
2 1 oN [+]
3 1 oN [+]
4 1 oN [+]
5 1 oN [+]
5 1 oN [+]
7 1 oN [+]
g 1 oN [+]

Fig. 5-14: DOCSIS 3.0 channel definition

# Source $ DataRate # Center Frequency (MHz) %+ Power (dBm¥Y)
ow  [=] 0his 55.25 25.00
Cy E 0hbis 61.254168 25.00
Cy E 0hbis 67.246588 25.00
Cy E 0hbis T3.2532TN 25.00
Cy E 0hbis T9.247873 25.00
Cwy E 0bis 85.251597 25.00
Cy E 0bis 91.248856 25.00
on [+ 0his 97250765 25.00

Press Apply to upload the settings to the CLGD.

The ANSI/SCTE 06 standard for Composite Distortion Measurements (CSO & CTB)

defines the analyzer settings as follows:

Center Frequency Carrier Frequency under test
Span 3 MHz

Detector Peak

RBW 30 kHz

VBW 30 Hz

Attenuation >210dB

Vertical Scale 10 dB/div
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5.3.1 CSO

The CSO measurement must be made for each of the major distortion products at each
measured frequency. Every possible combination of two frequencies result in 4 CSO
distortion products surrounding the carrier f that need to be measured, f — 1.25 MHz, f —
0.75 MHz, f + 0.75 MHz and f + 1.25 MHz. In some cases a distortion product may
overlap the carrier which makes it necessary to turn it OFF.

This example focuses on CHANNEL 37 = 271.25362 MHz.

5.3.1.1 C-Line Amplifier

In the first example a C-Line amplifier is used.

MultiView Spectrum Marker 1

Offset 271.25362 MHZ|

SWT 213
1 Frequency Sweep Db
M1[1] 48.88 dBmV
271.25362 MHz

CF 271.25362 MHz 1001 pts 300.0 kHz/ Span 3.0 MHz

2 Marker Table —
Type "Ref "Trc X-Value Y-Value Function Function Result
M1 1 271.25362 MHz 48.88 dBmV MNoise 2.38 dBmV/Hz

Fig. 5-15: Set center frequency = Channel 37 (C-Line Amplifier)

Carrier Level = 48.88 dBmV
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Turn Channel 37 OFF.

v a7 3 OFF |Z| i |Z| 0 bis 271.25362

Fig. 5-16: Channel 37 OFF

The alleged carrier drops > 49 dB, indicating that there is also a distortion product.

MultiView Spectrum

Ref Level 55 Offset
= Att 1 SWT 2
1 Frequency Sweep

CF 271,25362 MHz 1001 pts

Marker 1

271.25362 MHZz

o 1A
M1[1] -0.25 dBmV|
271.25362 MHz,

300.0 kHz/ Span 3.0 MHz
2 Marker Table —_
Type "Ref "Trc X-Value Y-Value Function Function Result
M1 1 271.25362 MHz -0.25 dBmV -46.54 dBmV/Hz

Fig. 5-17: Channel 37 OFF (C-Line Amplifier)
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Define Marker 1 to 4 and read out level:

fmr = 271.25362 MHz — 1.25 MHz = 270.00092 MHz, Ym
fmz = 271.25362 MHz — 0.75 MHz = 270.50362 MHz, Ym2 =-29.64 dBmV
fus = 271.25362 MHz + 0.75 MHz = 272.00362 MHz, Ymz =-29.92 dBmV
fma = 271.25362 MHz + 1.25 MHz = 272.50042 MHz, Ywa

1 Frequency Sweep e lh
[YETEN] -6.35 dBmV.
272.50042 MHz
M1[1] -4.58 dBmV!
270.00092 MHz

-4.58 dBmV

-6.35dBmV

CF 271.25362 MHz 1001 pts 300.0 kHz/ Span 3.0 MHz

2 Marker Table —
Type "Ref X-Value Y-Value Function Function Result
270.00092 MHz -4.58 dBmV
270.50362 MHz -29.64 dBmV
272.00362 MHz -29.92 dBmV
272.50042 MHz -6.35 dBmV

Fig. 5-18: Markers at fc + 1.25 MHz and fc + 0.75 MHz (C-Line Amplifier)

Measure noise floor level.

Load the configuration file CSO_CTB_80CW_PoRT_Low_OFF.crG in the CLGD
to turn OFF all channels.

Reolease Control Channel # Block % Modulator State + Source % Data Rate #
v 04 4 OFF |~| oW |=| Uhbrs
7 65 g OFF |Z| W |Z| 0 his
g e : o[zl | ow [ oo
7 67 5 OFF [+] ow ] 0bis
7 65 5 CFF |Z| Ch |Z| 0his
Fi o] 5 QOFF |Z| iy |Z| 0his
7 70 5 OFF [+] oW [+] 0bis
7 71 5 OFF [+] oW [x] 0 bis
7 72 5 OFF [~] o [x] 0 bfs
7 73 5 OFF [+] o [x] 0 bfs
7 74 5 OFF [~] o [+] 0 bis
7 75 5 OFF [+] oW [v] 0 bis
7 76 5 OFF [+] o [+] 0 bis
Preset 7 77 5 OFF [+] ow =] 0his
Add Channel 7 i 5 OFF [=] ow ] 0 bis
Apply Undo 7 79 5 OFF [+] ow o [+] 0 s

Fig. 5-19: Set Modulator State of checked channels
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Use the ACLR function to measure the noise floor level. Set Channel Count Tx =1

and Tx1 Bandwidth = 3.MHz.

S LY

ACLR Setu

General Settings Channel Settings

Bandwidths Spacing Limits Weighting Fi

3.0 MHZz

Fig. 5-20: ACLR Setup

The Noise Floor Level = Tx1 (Ref) = -22.00 dBmV

MultiView =2 Spectrum

Ref Level : Offset RBW 30 kHz
SWT VBW 30Hz

CF 271.25362 MHz 1001 pts
2 Result Summary Nene
Channel i Offset
)
|

Fig. 5-21: Noise Floor Level (C-Line Amplifier)

610.0 kHz/

Power
-22.00 dBmV
-22.00 dBmV

Span 6.1 MHz
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Compute Noise Floor Delta:

Noise Floor Delta = CSO Level — Noise Floor Level
The CSO Level can be determined by adding the de-logarithmized marker levels
and logarithmizing the sum.

U

M
U = 1020 « ImV
Ulc = 0.59 mV, U2¢ = 0.033 mV, U3¢ = 0.032 mV, U4c = 0.481 mV
YUc=1.136 mV
CSO Level =M =1.108 dBmV
Noise Floor Delta = 1.108 dBmV + 22.000 dBmV = 23.108 dB

If Noise Floor Delta < 2 dB add post-amplifier to system and repeat measurement.

If Noise Floor Delta = 2dB calculate following Noise Floor Correction factor

Noise Floor Delta

log <1 - 10_( 10 ))| =0.0218dB

Noise Floor Correction Factor = 10 *

Compute Corrected CSO for each product:

Corrected CSO = Carrier Level — CSO Level + Noise Floor Correction Factor
= 48.88 dBmV — 1.108 dBmV + 0.0218 dB = 47.7938 dBc
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5.3.1.2 A-Line Amplifier

The following measurement was performed with an A-LINE amplifier.

1 Measure Carrier Level = 45.40 dBmV

Ref Level
= Att 10
1 Frequency Sweep o]
M1[1] 45.40 dBmV,

271.25362 MHz

CF 271.25362 MHz 1001 pts 300.0 kHz/ Span 3.0 MHz

3 Marker Table —
Type "Ref "Trc X-Value Y-Value Function Function Result

11 1 271.25362 MHz 45.40 dBmY 5 -1.11 dBmV/Hz

Fig. 5-22: Set center frequency = Channel 37 (A-Line Amplifier)

1 Turn Channel 37 OFF
I Set markers at fc + 1.25 MHz and fc = 0.75 MHz

If necessary, decrease Ref Level and Range for better readability.

1 Frequency Sweep o ih W
M1[1] -21.80 dBmV

270.00092 MHz|

M2[1] -35.34 dBmvV

270.50362 MHz|

4
b 4

V“‘“”"ﬂ*“ i ! e "“'W faaa VT VARGY w "—-w-«v-r T T e

CF 271.25362 MHz 1001 pts 300.0 kHz/ Span 3.0 MHz
3 Marker Table p—
Type  Ref H-Value Y¥-Value Function
270.00092 MHz -21.80 dBmV
270.50362 MHz -35.34 dBmV
272.00362 MHz -35.52 dBmV
272.50042 MHz -18.79 dBmV

Function Result

Fig. 5-23: Markers at fc £ 1.25 MHz and fc = 0.75 MHz (A-Line Amplifier)
Ywm1 =-21.80 dBmV, Ymz = -35.34 dBmV, Yuz =-35.52 dBmV, Yms =-18.79 dBmV
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1 Load the configuration file CSO_CTB_80CW_PoORT_Low_OFF.cFrG in the CLGD
to turn OFF all channels and measure Noise Floor level = -25.25 dBmV.

Ref Level -10.00 Offset 7

CF 271.25362 MHz 1001 pts 610.0 kHz/ Span 6.1 MHz
2 Result Summary

Power
-25.25 dBmV
-25.25 dBmV

Fig. 5-24: Noise Floor Level (A-Line Amplifier)

1 Compute Noise Floor Delta:
Ym1 =-21.80 dBmV, Ymz =-35.34 dBmV, Ymz =-35.52 dBmV, Yms = -18.79 dBmV
Ul =0.0813 mV, U2 =0.0171 mV, U3 = 0.0167 mV, U4 = 0.1149 mV,
>U=0.23mV, CSO Level =3M =-12.765 dBmV

Noise Floor Delta = CSO Level — Noise Floor Level
= —12.765 dBmV + 25.250 dBmV = 12.485 dB

Noise Floor Delta

log (1 _10 ))| ~0.252 dB

Noise Floor Correction Factor = 10 =

1 Compute Corrected CSO for each product:

Corrected CSO = Carrier Level — CSO Level + Noise Floor Correction Factor
=454 dBmV + 12.765 dBmV + 0.252 dB = 58.417 dBc

5.3.2 CTB

CTB products are located at the carrier under test frequency, except channels 5 and 6
where the CTB products are located 2 MHz higher. The DUT is a C-Line amplifier.

1 Turn off the carrier under test.

37 3 1] o [x] 0bis 271.25362

Fig. 5-25: Channel 37 OFF
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5.3.2.1 C-Line Amplifier

1 Use SA marker to measure CTB product of interest (CTB level).

® 1AP Clrw
M1[1] 25.82 dBmv

1 Frequency Sweep

271.25062 MHz

CF 271.25362 MHz 1001 pts 300.0 kHz/ Spanh 3.0 MHz

Fig. 5-26: Set marker on CTB product of interest

CTB Level = 25.82 dBmV
1 Measure Noise Floor Level and calculate

Noise Floor Delta = CTB Level — Noise Floor Level = 25.82 dBmV + 22.51 dBmV
=48.33dB

1 If Noise Floor Delta < 2 dB add optional post-amplifier to system

1 If Noise Floor Delta = 2 dB calculate:

Noise Floor Delta

Noise Floor Correction Factor = 10 * |log (1 - 10_( 10 ))| =0.001dB

1 Calculate Corrected CTB:

Corrected CTB = Carrier Level — CTB Level + Noise Floor Correction Factor
= 48.88 dBmV — 25.82dBmV + 0.001 dB = 23.061 dBc

The resulting unit is —dBc.
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5.3.2.2

A-Line Amplifier

The same measurement with an A-Line amplifier.

Turn Channel 37 OFF.

Set marker on product of interest.

Ref Level -10.00 Offset = RBW 30 kHz
S Att SWT 213 ms ) @ VBW 30Hz Mode Auto FFT
1 Frequency Sweep o 1AP Clrw
M1[1]  -12.30 dBm¥
271.24752 MHz

Fig. 5-27: Set marker on CTB product of interest

CTB Level = —12.30dBmV

Noise Floor Delta = CTB Level — Noise Floor Level = —12.30 dBmV +
25.25dBmV = 12.95dB

Noise Floor Correction Factor = 10 *

0.22596 dB

Noise Floor Delta))

log (1 - 10_( 10

Corrected CTB = Carrier Level — CTB Level + Noise Floor Correction Factor =
45.4 dBmV + 12.30 dBmV + 0.22596 dB = 57.926 dBc

The resulting unit is —dBc.
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5.4 Carrier to Noise Measurements (CLGD)

This section describes how to measure the ratio of carrier to thermal noise and “noise-
like” interference for broadband telecommunications system components according to
ANSI/SCTE 17. It consists of measuring noise level or combined noise plus “noise-like”
intermodulation product levels relative to the carrier level of a CW signal. The share of
noise provided by the test equipment must also be measured in order to correct readings
near the test equipment noise floor.

This example uses Channel 37 as carrier (see Fig. 3-16). In this example the initial setup
for the spectrum analyzer is:

Center Frequency Carrier frequency of channel under test
Span 30 MHz

RBW 30 kHz

VBW 10 kHz

Video Averaging Off

Input Attenuation Auto (minimum 10 dB)

Vertical Scale 10 dB/div

Detector Peak

On the CLGD load the configuration file CSO_CTB_80CW_PoORT_Low_ON.CFG. This
defines the frequency plan of 80 CW channels, sets MODULATOR STATE of Channel 1 to
80 ON and Power = minimum. It is convenient to use its DOWNSTREAM LOw output
because it requires no setup change for all further measurements. Set the marked
channels 1 to 80 to Power = 30 dBmV.

52,44 dBmV|
271.2533 MHz|

s !

‘H"'”"h H"Il ""Nh'l.r’ J"m'nM'Iv"“'lf’""“ 'M‘ "“ "[ ik ‘“"'uh "M“u “MI\ I w\"“m i ol ”..«""w\ kR

\”Whn

CF 271.25362 MHz 1001 pts . Span 30.0 MHz

Fig. 5-28: Neighbor channels ON
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Turn OFF the neighbor channels 35, 36, 38 and 39.

Channel % Block +# Modulator State # Source = [
e 3 UM x| L v
35 3 OFF [+] oW [+]
36 3 OFF [+] ow [+
37 3 ON [] o [+
38 3 OFF [+] ow [+
39 3 OFF [+] oW [+]

Fig. 5-29: Turn OFF neighbor channels

52.76 dBmv
271.2533 MHz

"

|
|"|\|u“'\| \”‘U'll\" l""’\l“ ‘“h"\ ||"‘p“\||\‘_“'1|hrll ‘M M 5 Mlhlllh
R

WI‘W“‘ ”M \)‘m‘ >|_”{\|;/| ‘l|”" wf\l""\‘“M"“ ll‘ | MI}\\” n'ﬂl\‘”‘\’ |ﬂ||\|(|i fiy I‘m"‘rﬂlld"m\‘u.l“l ‘l“ud

| L ‘«'u

CF 271.25362 MHZz 1001 pts 3.0 MHz/ Span 30.0 MHz

Fig. 5-30: Suppressed neighbor channels

Re-adjust the spectrum Analyzer as follows:

Span 3 MHz
VBW 30 Hz (or lower if SWT is tolerable)
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The noise floor appears flat across the display.

MultiView == Spectrum ! Reference Level
z  Mode Auto FFT
I
M2[1]  -27.49 dBmV
271.88332 MHz
M1[1] 53.54 dBmV,
271.25362 MHz

M1
i
|

fi
M

CF 271.25362 MHz 1001 pts 300.0 kHz/ Span 3.0 MHz

Fig. 5-31: Noise floor

Disconnect the cable at the DUT output and terminate it with 75 Q or disconnect
the cable after the matching pad and terminate it with 50 Q.

If the noise floor drops less than 10 dB, reduce the FSW input attenuator and re-
check the noise drop. Compare the "signal” to test equipment noise with the same
attenuator setting. In this example there is a noise drop of approx. 20 dB so there
is no need to take further actions.

Re-connect the cable.

Re-Adjust the FSW as follows:

Span 3 MHz
VBW 10 kHz

Read carrier peak Cp, =53.44 dBmV (= 113.44 dBpV)

53.44 dBmVY
271.25362 MHz

Fig. 5-32: Carrier peak
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Turn OFF the carrier under test.

37 3 OFF [+] Cy

1 Frequency Sweep

M2[1]  -35.23 dBmV,
271.88332 MHz
M1[1] 18.47 dBmv
271.25362 MHz

CF 271.25362 MHz 1001 pts 300.0 kHz/ Span 3.0 MHz
Fig. 5-33: Raw Composite Noise
Raw Composite Noise Ncowmp-raw = -35.23 dBmV (= 24.77 dBuV)

Turn OFF the digital source.

Marker 2

= Att 10
1 Frequency Sweep C
M2[1] -42.91 dBmv
271.88332 MHz
M1[1] -42.78 dBmv
271.25362 MHz

CF 271.25362 MHz 1001 pts 300.0 kHz/ Span 3.0 MHz

Fig. 5-34: Raw Thermal Noise Nry.raw
Raw Thermal Noise Nty.raw = -42.91 dBmV (= 17.09 dBuV)
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5.4.1

5.4.2

1 Disconnect the cable at the DUT output and terminate it.

Multiview 22 Spectrum ! Reference Level
Ref Level 40 nv Offset @ RBW 30 kHz

e Att dB SWT 213 @ VBW 30Hz Mode Auto FFT
1 Frequency Sweep i
M2[1]  -49. v

271.88332 MHz
M1[1] -49,26 dBmv

271.25362 MHz

CF 271.25362 MHz 1001 pts 300.0 kHz/ Span 3.0 MHz

Fig. 5-35: Test Equipment Noise Floor Ntg
Test Equipment Noise floor Nte =-49.25 dBmV (= 10.75 dBuV)

Carrier to Noise (C/N)

The term Carrier to Noise is generally the ratio of the carrier peak level to the noise floor
of the transmission system, which includes thermal and undesired noise and noise-like
signals. CCN, CIN, and CTN specify the components of the noise floor more clearly. CW
carriers are substituted at equivalent levels to the peak visual carrier levels.

Log Amp Factor = 2.5 dB, Noise BW = 4.0 MHz (NTSC), Noise BW = 5.0 MHz (PAL),
FSW Shape Factor 60 dB: 3 dB < 2, CORdrop2 = 0.0 dB

Noise BW
CORgw =10+ log (Filter Shape factor * Res BW) + Log Amp Factor
MHz

Carrier to Thermal Noise (CTN)

The ratio of the CW carrier to the thermal noise floor of the transmission system,
specifically excluding any contribution from digital intermodulation products.

Nry = Nygraw + CORpy — CORgyopy = —42.91 dBmV + 20.739 dB = —22.171 dBmV

CTN = C, — Npy = 53.44 dBmV + 22.171 dBmV = 75.611 dB
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5.4.3

5.4.4

Carrier to Composite Noise (CCN)

CCN is the ratio of the CW carrier to the combined noise plus noise-like signals 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).

Neowp = Neompraw + CORpy — CORgyopy = —35.23 dBmV + 20.739 dB
= —14.491 dBmV

CCN = C, — Ngoyp = 62.59 dBmV + 14.491 dBmV = 62.59 dB

Carrier to Intermodulation Noise (CIN)

The ratio of the CW carrier to the noise-like signals generated by the non-linearity of a
broadband transmission system with analog and digitally modulated signals. These
distortion products are comparable to CSO and CTB products produced by analog
carriers, but appear as noise-like interference due to the pseudo random nature the
digital modulated signals,. 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 depends on the output level.

(192) _ 1o
Npic = 10 = log <10 10 /—10\V10 ) = 10 * log(0.03555 mV — 0.006 mV)
= —15.29 dBmV

CIN = C, — Np;g = 53.44 dBmV + 15.29 dBmV = 68.73 dB

The following figure show the relationship between CCN, CTN and CIN.

Cp, carier peak

- CTB and C30 beats

e paw, raw composite noise

M, cotrected composite noise

TITH g, taw thermal noise

Iy, comrected thermal noise®

Mros, intermodulation “noise”

[TTE , test equipment noise

Fig. 5-36: Relationship between CCN, CTN and CIN
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5.5 Amplitude Modulation Cross Modulation (AM-XMod)

(CLGD)

This chapter describes a test procedure for the laboratory and production
measurement of Amplitude Modulation Cross Modulation (or AM-XMOD) that is
present in Broadband Systems which carry Frequency Division Multiplexed (FDM),
amplitude modulated, analog video channels.

For this measurement load the configuration file
CSO_CTB_80CW_PORT_Low_OFF.crG to turn OFF all DOCSIS 3.0 channels. Then
upload the data file AM-XMod_15625Hz.wv or AM-XMod_15750Hz.wv to the CLGD.

1 Select USER FILES menu.

1 Drag and drop the file into the FILE UPLOAD area.

1 Press START UPLOAD to copy it from the PC to the CLGD home directory

Fig. 5-37: File copy from PC to CLGD

Files on device:

A B il E5436Mb

ww arh

421

| dvbe

e 152b

s A82c
1oMH=_lCarcder_wnr. oL liliioo.s 524461
loMH=z_1Carrier ShHsOff=_ wme ..o oo LLLLLL__l.. 524461
EOOMM=_lCarrder wnv. oL iiiiooo.s 524461
EOOMHs 1Mot chlOMHs WoindComp - wrd . o e ZHZ20Z
EOOMH=_ ZCarrieclO0kHs WoSindComp . wrd. oo 523347
EOOMM=_ ZCarrier EMHs SMHMsO£f= we. oo SE4350
EOOMM=_ ZCarrier GMHs wre. o SEGREE
EOOMM=_ZCarrier GMHs SMHMsO£f= we. oo SEGREE
EieBE N o cccococoooooooooooooooooooC00000000000000000000000000 523352

I Select DOWNSTREAM ARB menu and click on the ARB FILE field of the Low
FREQUENCY NARROWBAND CHANNELS area and select the file that has previously

been imported.

Low Frequency MNarrowband Channels:

Channel

1

Fig. 5-38: Set ARB file

ARB File

AAM-EMOd_ 156 25HT wev

After pressing AppLY this AM modulated signal is now assigned to ARB1 and shall

be referred to as fam.
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Go to the DOCSIS 3.0 menu and set CHANNEL 37 to CENTER FREQUENCY =
271.25362 MHz, POWER = 30.0 dBmV (= 90.0 dBuV), SOURCE = ARB1 and press

APPLY.

a7 3

Fig. 5-39: Modulate Channel 37 with ARB1

ARB1 |E| 0bis 271.25362 30,0

Set the FSW analyzer to the carrier frequency (= 271.25362 MHz).

The analyzer must be set to

Center Frequency Carrier Frequency under test
Span 100 kHz

Detector RMS

RBW 30 Hz

VBW 3 Hz

Input Attenuation =10dB

Sweep Time Auto

On the FSW turn MARKER 1 ON and press PEAK SEARCH. Press MARKER 2 to add
a 2nd marker that will automatically position itself on one of the sideband carriers.
Set MKR TYPE = NORM. Read M2 peak level which is referred to as Reference
Sideband Level (39.99 dBmV =99.99 dBuV).

1 Frequency Sweep o 1Rm
M2[1] 39.99

271.2692000 MHz|

M1[1] 46.97 dBmY|

271.2536200 MHz|

e “.I\".Ji-"‘-lﬂ'"%\m il A et e Mwr«'<J|‘|!VJ‘.w>«.JN|+‘_.‘)19“.‘,\

CF 271.25362 MHz i Span 100.0 kHz

Fig. 5-40: Reference Sideband Level

Turn OFF the AM modulation by changing the MODULATION SOURCE of CHANNEL 37
to CW.

7 37 3 oM [+] cw -]

Fig. 5-41: Turn AM modulation OFF
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The M2 peak level is the Raw AM-XMod level = -50.31 dBpV (= 110.31 dBpuV).

1 Frequency Sweep

271.2536200 MHz

CF 271.25362 MHz 1001 pts Span 100.0 kHz

Fig. 5-42: Raw AM-XMod Level

Turn ON MARKER 3, move it to the flat portion of the noise floor and set MKR TYPE
= NORM. This is the Noise Floor Level = -54.04 dBmV (= 14.04 dBpV).

271.2536200 MHz

Fig. 5-43: Noise Floor level

Calculate Noise Floor Delta as:

Noise Floor Delta = Raw AMXModLev — Noise Floor Lev
= —50.31 + 54.04 dBmV = 3.73 dB

Since Noise Floor Delta > 2 dB you need to calculate the Noise Floor Correction
Factor:

Noise Floor Delta))

log<1 - 10_( 10
=10 * |log(1 — 107°37%)| = 2.393 dB

Noise Floor Correction Factor = 10 *

Compute the “corrected AM Cross Modulation” as:
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Corrected AM Cross Modulation,referenced to sideband
= Reference Sideband Level — Raw AMXMod Level
+ Noise Floor Correction Factor + (6 dB, if using and RMS detector)
=95.5—-4.28+ 2393+ 6 =99.613 dB
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5.6 Noise Power Ratio - NPR (CLGD / SFD)

This procedure defines a method of measurement for Noise Power Ratio (NPR) of active
Cable Telecommunications equipment. It is intended for measurement of 75 Q devices
having type "F" or 5/8-24 KS connectors. The NPR test examines the amount of noise
and intermodulation distortion in a channel which characterizes the linearity of a wide
band amplifier over a custom frequency range. The test signal consists of Gaussian
white noise with the same bandwidth as the range to be measured (e.g. 200 MHz)
containing a notch with zero energy. A handy tool for generating custom NPR files is the
application note 1MA029 — Noise Power Ratio.

Generate a noise signal with 200 MHz sample rate and one notch 10 MHz wide with 5
MHz offset so the notch is not affected by the carrier.

B - (=] E |

File  Tools

Help
Notch -]
Sample Rate MHz 4.998779 10.000000 -0.001221 9.998779 0 327
NEWISRate 1.000000 B

FFT Lencth 65536

Line Spacing 3051755 | kHz
Court =

Wicth 10.000000 B=8 hHz
5.000000 §=8 MHz

(=]
=+
7]
8

Depth -100.000000 =

=%
o

Auto-Calculate

ion: O Internal L . Caleulate FFT : or: o c
Fh st Rndl (const. seed | - & alic] 105773 dB TCPAPPort gLy -

s fdBm P tdB NPRU| Preset

dB
—— —— ——| motchne BRI wode

Fig. 5-44: Generate NPR test signal with R&S NPR

Press Calculate FFT to generate the 1Q waveform. Save the waveform with FILE -
SAVE DATA FILE (*.wV).

( 45 R&S NPR
File | Tools Help
Load Cfg File Ctrl+0
Sawe Cfy File Crl+5

Load SAM Mag

Sawe Data File (ASCID

Fig. 5-45: Save IQ data to *.wv
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Upload the *.wv file to the CLGD or SFD in the USER FILES menu. Drag & drop the *.wv
file in the FILE UPLOAD area. Then press START UPLOAD to copy the file from your PC to
the CLGD or SFD hard drive.

Mode MIXED Us‘
D3.0 Mode S k] s

cmd Mude Files on device:
L EE44lMb
| Relegse Control | T oE=
ww arb
s 421
Home ] b
T
|11
E00MHz _1WotchlOMHs No B indiComp . wrd . - oo o e e e e e e e i e ZHEI0Z
K E J N EEEEYcc000000005000000000000500000000000000000000000000 OME
[+ [+ [+] [+]
Preset |
File Upload {(Method: html5)
Filename

Fig. 5-46: User Files menu

Switch to the DOWNSTREAM ARB menu. In Low FREQUENCY WIDEBAND CHANNELS —
CHANNEL 1 choose the ARB file and press OK.

Select a file %

4 W EE441ME

s 421

m

e dvhbe
' 952b
45 2<
L | 200HHz dWotohiOHHE HoSind{0omp. Wi . ..o et e e 262302

Fig. 5-47: Select ARB file
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Set POWER, FREQUENCY, turn TRANSMIT ON and press APPLY.

Downstream ARB + JFactorywaverorm/annex B 256 Qak wy

Low Frequency Wideband Channels:
Channel Transmit 4 Power (dBmV) * Frequency (MHz) 4 ARB File

1 oN [+] 30.0 500 F200MHz_1Notch1 OMHz
_NoSinxCaomp sy

Fig. 5-48: Import NPR file to CLGD ARB

DOCEIE 3.0 || DOCSIE 31

Transmit Frequency (MHz) Power (dBm\) Mode Output Delay (us) Inter-burst Gap {us) ARB File

on [+] 500 30 Continuous [ =] o o /200MHz_INotch10MHz
_NoSinXComp.

Fig. 5-49: Import NPR file to SFD ARB

Switch to Spectrum Mode on the FSW and set FREQUENCY = CLGD Channel 1
Frequency, SPAN = 250 MHz, DETECTOR = RMS to get a stable readout.

MultiView =8 Spectrum Center Frequency

Ref Level Offset
ALt SWT
1 Frequency Sweep

CF 500.0 MHz 1001 pts 25.0 MHz/ Span 250.0 MHz

Fig. 5-50: Output spectrum of a typical C-Line amplifier (100 MHz to 800 MHz) fed with NPR signal

Fig. 5-51: Output spectrum of a typical A-Line amplifier fed with NPR signal
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The MEAS - POWER MEASUREMENTS - CHANNEL POWER ACLR can be used for NPR
measurements.

= VBW 30

Power Measurements

Channel Power ACLR

General Settings Channel Settings

Manage User Standards

T AHERGEN TX Channel 1 ACLR Mode m

Noise Cancellation m Power Unit Abs /Hz
on Power Mode ["CLRW Yz /s

Fast ACLR

Fig. 5-52: CP / ACLR General Settings

Set CP/ACLR CONFIG - CHANNEL SETTINGS as shown below:

General Settings Channel Settings

Bandwidths Spacing Limits Woeighting Filters Names

Fig. 5-53: CP / ACLR - Channel Settings
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MultiView Spectrum f Center Frequency

Ref Level 20,00 dermy : :
) 0 k [

LTI YA et e 1 Y g it

CF 505.0 MHz 1001 pts 3.02 MHz/ Span 30.2 MHz

2 Result Summary
Channel Bandwidth Power
1¢ 9 37.80 dBmV
37.80 dBmV
Channel Lower Upper

0.09 dBc -42.91 dBc
Fig. 5-54: NPR of a typical C-Line amplifier calculated with ACLR

NPR = Lower — Upper = 0.09 dBc + 42.91 dBc = 43.00 dB

Spectrum Center Frequency

Offset

CF 495.0 MHz 1001 pts 3.02 MHz/ Span 30.2 MHz

2 Result Summary None
Channel Bandwidth Offset Power
( 30.96 dBmV
30.96 dBmV
Offset Lower Upper
10.0 -0.14 dBc -45.82 dBc

Fig. 5-55: NPR of a typical A-Line amplifier calculated with ACLR

NPR = Lower — Upper = —0.14 dBc + 45.82 dBc = 45.68 dB

You can vary the NPR signal, for instance by defining a wider notch or multiple
notches.
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5.7 BER Downstream (CLGD / SFD)

The purpose of this test is to measure Bit Error Rate (BER) of downstream (forward path)
broadband telecommunications QAM signals. This procedure will address mainly pre-
Forward Error Correction BER results for 64 and 256 QAM.

BER is an important specification for component manufacturers. For measuring BER the
data sequence sent by the CLGD / SFD must be known by the FSW in advance. The
analyzer then compares the measured, demodulated data with the available reference
information and can calculate the BER itself. The FSW has a recording tool app which
records sequences in VSA mode. The BER measurement is usually performed at the
lower, mid and upper frequency of the DUT.

5.7.1 CLGD / SFD Configuration

1 Connect the CLGD Downstream Low / SFD Downstream output with R&S RAM 75
to 50 Ohm impedance converter directly to the FSW RF input.

1 Upload the file DvBC-6.9MSPS-256QAM-PN11.wV to the CLGD or SFD in the USER
FILES menu (see section 3.2.5).

Note: An SFD with firmware up to version 1.1 requires replacing the K2 license for
compatibility with the waveform used in this chapter.

1. Navigate to https://www.rohde-schwarz.com/firmware/clgd/ and download the
file “CLGD-K2_V01_10.zip”.

2. Unzip the file “RSCLGD-999999-K2_encrypted.lic” from the zip file.
3. Select the LICENSES menu on the SFD.

4. Drag and drop the file “RSCLGD-999999-K2_encrypted.lic” in the LICENSE
UPLOAD area and press the UPLOAD AND INSTALL button to install the license.

User Files
CLGD-K2 - Encrypted wavefarm Avallable
Licences
CLGD-K3 - Encrypted waveform Unavailable
Error Queue

Help
About Licence Upload (Method: html5)

Select files

Preset ")
Add flles to the upload gueue and click the start bution

Filename

RSGLGD-999999-K2_encryptedlic

Drag files here

Ot filaz queued || @Upload 2nd Inseall

Fig. 5-56: Hot fix encrypted waveform license
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The arbitrary wave file bvBC-6.9MsPS-256QAM-PN11.wv can be used in 2 different
ways.

1.

Upload it to Low FREQUENCY WIDEBAND CHANNEL 1.Use this file In the
DOWNSTREAM ARB menu and turn TRANSMIT ON.

Low Frequency Wideband Channels:

T oN [+ 0.0 500 fhvinc-6 Bmsps-
256 gam-pr11 Wy

Fig. 5-57: Set ARB file in Low Frequency Wideband Channel menu on CLGD

R N e e =
on E 0

500 30 Continuous E a favhi-6 9msps-
286gam-pn11 VM

Fig. 5-58: Assign ARB file in Low Frequency Wideband Channel menu on SFD

Upload it to Low Frequency Narrowband Channel 1

Low Frequency Narrowband Channels:

1 /dvhc-6.9msps-256gam-pn 11

37 kil on =] ARB1 [+] 0bis 271.25362 30

Fig. 5-60: Assign it to e.g. DOCSIS 3.0 Channel 37

Press APPLY to generate the signal.
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5.7.2 FSW BER Measurement:

1 Select MODE - VSA on the FSW.
1 Set CENTER FREQUENCY = generator frequency

1 Select OVERVIEW — SIGNAL DESCRIPTION — MODULATION and set the parameters
according to the generator settings.

R
Signal Description

)
el
(9]
4

uy)
o
—
3]

Fig. 5-61: Set modulation parameters
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Record the known data by pressing START - VSA SEQUENCE RECORDING on the
FSW.

MultiView =2 Spectrum

Ref Level O
Att [ 3 SWT 7
1 Frequency Sweep

| calculator

® YSA Sequence Recording

Instrument

| Configure Utility

Fig. 5-62: Start VSA Sequence Recording tool

Press RUN to start the recording.

R&5S Recording Tool for Sequences

Configuration

WISA TCPIP: localhost

Results

Analyzed Seguences 53 [Modulation: PSK
Format: NORM
Order: &

BesultLength = 148

Different Sequences g3
Last Meww Sequence Found 0= an0

Throughgput 0,72 kSymbolssz
Stare for K70 Stop Reset
b

Fig. 5-63: VSA Sequence Recording tool

Stop the recording after approx. 20 secs and press STORE FOR K70. Select a file
name, e.g. REC_PN11 DVBC_256QAM.XML.
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Switch to KNOWN DATA tab, check the KNOwWN DATA checkbox, press the LOAD
DATA FILE button and select the recently recorded file

REC_PN11 DVBC_256QAM.xML which contains the de-modulated data of the
ARB file.

Modulation Signal Structure Known Data

Known Data is needed for the BER measurement and
can be used for fine synchronization (see "Demodulation"” dialog)

Filename: REC_PN11_DVBC_256QAM.xml WGE AN ElallE

Fig. 5-64: Load Known Data file

Make RESULT SUMMARY window active by clicking on it.

Press MEAS CONFIG — WINDOW CONFIG and check BIT ERROR RATE radio button.

Signal Source: Modulation Accuracy

Result Summary

. Bit Error Rate

Fig. 5-65: Select Bit Error Rate

Set the generator level so the specified max. DUT output level will not be
exceeded.

Re-connect the DUT input to the generator output and the DUT output to the FSW
RF input.

The BER can now be read out directly.

2 Bit Error Rate

Current
Bit Error Rate 0.000 000 000

Total # of Errors 1)
Total # of Bits 16 376

Fig. 5-66: Perfect BER
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The reference signal can be degraded by adding AWGN in the Impairment Settings
menu. The Amplitude is absolute depends on the Bandwidth (dBc).

AWGMN

Made FREE []

Bandwidth (MHz) 10 amplitude 1000
Frequency (MHz) 1100

Fig. 5-67: Add AWGN with absolute amplitude

If the ARB file was modulated on a DOCSIS 3.0 channel it is convenient to select
AWGN Mode LOCKED. The AMPLITUDE is relative (dB) to the POWER of the
according DOCSIS channel.

AWGHN

Mode LOCHED [=]

Bandwidth (MHz) 10 Amplitude 10

Channel 37 Type D30 [=]

Fig. 5-68: Add AWGN with relative amplitude

This leads to increased BER.

2 Bit Error Rate

Current Accumulative
Bit Error Rate 0.001 038 105 0.000

Total # of Errors
Total # of Bits 4,624 5

Fig. 5-69: Increased BER

The impairments simulate various effects on the signal chain before the DUT.
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6

6.1

6.2

Automatic Configuration and Measurement
with R&S®Forum Scripts

The royalty-free R&S® Forum Software Tool allows custom creation of scripts for
controlling measurement instruments remotely and displaying and storing the results.
For the 15t time use of Forum it is necessary to define the instruments involved in the

test, e.g. CLGD and FSW. Open the Devices menu with SETTINGS — INSTRUMENTS and
add these instruments as shown below.

& Devices =

VISA | 50AP

Enabled Resource ID Llias Wisa-Resource Timeout [s]

a 4 Configure Device @

Fhi TCPIP:FSW32E-103741:IMETR 10

v

Resource ID Build Interface

InterfaceType SOCKET v

Wisa-Resource Board No.
TCPIPLRSCLGD-101562:5025:30CKE  TCPIP
IR Address RSCLGD-101562

Timeout [5]
30 Port 5025

Add ... ” Delete H Configure .., "Test CDnnectlunsH 0K

& Attributes...

Fig. 6-1: Configure devices

The CLGD needs a socket connection with port 5025. The FSW uses VXI-11. Set the
FSW timeout to 30 seconds because it takes approx. 20 seconds to load the known file
for the BER measurement.

Download 1MA285_FORUM_SCRIPTS.zIP from http://www.rohde-
schwarz.com/appnote/IMA285.html and unzip it to your user directory.

Load a script with FILE - OPEN - <NAME.IE3>

Remote commands to CLGD / SFD involving levels always have the unit

dBmV = dBuV — 60

CSO/CTB

The Forum script 1_1MA285_ExAmMPLE_CSO_CTB_CLGD_FSW.I13E automatically
performs a CSO / CTB measurement as described in 5.3 with a user-defined number
of channels. The calculated test results are displayed on the PC screen.

Carrier to Noise

The Forum script 2_1MA285_ExamMPLE_C2N_CLGD_FSW.I3E semi-automatically

performs a C/N measurement as described in 5.4. It occasionally requests user
interaction and displays the calculated results on the PC screen.
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6.3

6.4

6.5

AM-XMod
The Forum script 3_1MA285_ EXAMPLE_AM-XMoD_CLGD_FSW.I3E automatically

performs an AM Cross Modulation measurement as described in 5.5 with a user-
defined number of channels and displays the calculated results on the PC screen.

NPR
The Forum script 4_1MA285_ExampPLE_NPR_CLGD_FSW.I3e automatically performs

a Noise Power Ratio measurement as described in 5.6. The Noise Power Ratio is
displayed on the FSW.

BER

The Forum script 5_1MA285_ExamMPLE_BER_DS_CLGD_FSW.I3E automatically
performs a BER DS measurement as described in 5.7. The BER result can be read out
on the FSW.
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DOCSIS 3.1 Generator
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R&CLGD

DOCSIS 3.1 Generator, 8-
channels, 47 MHz to 1218 MHz

2118.6956.02

R&S®CLGD-K3018

47 MHz to 1794 MHz Range Ext.

2118.6985.02

R&S®CLGD-K1050

Signal impairments simulation (SL)

2118.6991.02

R&S®CLGD-K201

Enhanced Functions

2118.7789.02

R&S®CLGD-K200

Downstream full channel load
generator (SL)

2118.6962.02

R&S®CLGD-K300

Optional upstream cable modem
emulator (SL)

2118.6979.02

R&SFD

DOCSIS 3.1 Generator 1-channel

2118.7400.02

R&S®SFD-K3018

47 MHz to 1794 MHz Range Ext.

2118.7452.02

R&S®SFD-K1050

Signal Interference Simulation

2118.7446.02

R&S®SFD-K201

Enhanced Functions

2118.7830.02

R&S®SFD-K200

Downstream full channel load
generator (SL)

2118.7423.02

R&S®SFD-K300

Optional upstream cable modem
emulator (SL)

2118.7430.02

Spectrum Analyzer

RE&SFSWxx 2 Hz to 85 GHz 1312.8000.xx
R&SFSW-K192 DOCSIS 3.1 OFDM Downstream 1325.4138.02
R&SFSW-K70 Vector Signal Analysis (VSA) 1313.1416.02
R&SFSW-B320 320 MHz Analysis Bandwidth 1325.4867.04
R&SFSW-B512 512 MHz Analysis Bandwidth 1313.4296.04

Accessories

R&SRAM

OHzto2.7GHz 75— 50 Q
Matching Pad

358.5714.02
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Rohde & Schwarz

The Rohde & Schwarz electronics group offers
innovative solutions in the following business fields:
test and measurement, broadcast and media, secure
communications, cybersecurity, radiomonitoring and
radiolocation. Founded more than 80 years ago, this
independent company has an extensive sales and
service network and is present in more than 70
countries.

The electronics group is among the world market
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company is headquartered in Munich, Germany. It
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Columbia, Maryland, USA, to manage its operations
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Sustainable product design
1 Environmental compatibility and eco-footprint
1 Energy efficiency and low emissions

1 Longevity and optimized total cost of ownership

Certified Qualty Manapemean:

ISO 9001

Cartified Ervironmental Managemeni

ISO 14001
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