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Introduction

Digital Video Broadcasting Satellite Communication Analysis (Option 89601DVBC) enriches the 89600
VSA software capabilities to demodulate and analyze DVB-S2 and DVB-S2X signals based on ETSI
specification (www.etsi.org).

89601DVBC supports DVB-S2/S2X modulation analysis measurements according to ETSI EN 302 307-
1(DVB-S2) and 302 307-2 (DVB-S2X) specifications. In addition to the conventional demodulation
analysis results like EVM, 89601DVBC also provides Bit Error Rate (BER) results. This allows you to
verify the accuracy of the transmitted signal’s CRC and payload decoding.

Supported features include:

e PLFrame signal analysis for each frame part: SOF, PLSCODE, Pilot, and Data

¢ all standard-defined MODCOD formats, QPSK, Pi/ 2-BPSK, 8PQSK, 16 /32 /64 / 128 / 256
APSK

e Options for standard-defined roll-off factors from 0.05 to 0.35 or customized roll-off factors

f MeaSetup  Tracr  Markers Window  Uhilities  Help
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Figure 1. DVB-S2/S2X measurement user interface
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DVB-S2/S2X PHY layer framing

PLFRAME before PL Scrambling: Total Length = 90(S+1)+P int{(S-1)/16}, (P=36 pilots)

Length:1-slot (90 symbols) Length:36 symbols
Selected Modulation (QPSK to APSK) Unmodulated

Length:1-slot (90 symbols)
Modulation: 2/Pl BPSK

’ N For modes
requiring pilots

VL-SNR Mode in S2X:

i SOF | PLSCODE

Length:1-slot (90 symbols) Length:10-slot Length:1-slot (90 symbols)

PLHEADER (90 symbols) includes: Modulation: 2/PI BPSK  Modulation: 2/Pl BPSK

= SOF (Start of Frame): 26 symbols, 0x18D2E82 in

binary notation kg >
« PLS (PHY Layer Signaling) Code: 64 symbols, ‘ ‘\\
transmitting 7 bits /) S
+ S$2: MODCOD 5 bits + TYPE 2 bits f
| SOF | PLSCODE |

= S2X: MODCOD 6 bits + TYPE 1 bit

Selected Modulation (QPSK to APSK)

KEYSIGHT
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Table 17a: 52X MODCOD Coding

ETSI EN 302 307-2 (DVB-S2X) specifications define a combination of code rate and modulation. See
Table 17a of the ETSI EN 302 307-2 V1.3.1 (2021-04).

PLS code decimal value Canonical MODCOD Implementation MODCOD name Code Type
name

129 VL SNR set1

See Table 18a
131 VL SNR sef2

See Table 18a
132 QPSK 13/45 QPSK 13/45 Normal
134 QPSK 9/20 QPSK 9/20 Normal
136 QPSK 11/20 QPSK 11/20 Normal
138 B8APSK 5/9-L 2+4+2APSK 100/180 Normal
140 B8APSK 26/45-L 2+4+2APSK 104/180 Normal
142 8PSK 23/36 8PSK 23/36 Normal
144 8PSK 25/36 B8PSK 25/36 Normal
146 8PSK 13/18 8PSK 13/18 Normal
148 16APSK 1/2-L 8+8APSK 90/180 Normal
150 16APSK 8/15-L 8+8APSK 96/180 Normal
152 16APSK 5/9-L 8+8APSK 100/180 Normal
154 16APSK 26/45 4+12APSK 26/45 Normal
156 16APSK 3/5 4+12APSK 3/5 Normal
158 16APSK 3/5-L 8+8APSK 18/30 Normal
160 16APSK 28/45 4+12APSK 28/45 Normal
162 16APSK 23/36 4+12APSK 23/36 Normal
164 16APSK 2/3-L 8+8APSK 20/30 Normal
166 16APSK 25/36 4+12APSK 25/36 Normal
168 16APSK 13/18 4+12APSK 13/18 Normal
170 16APSK 7/9 4+12APSK 140/180 Normal
172 16APSK 77/90 4+12APSK 154/180 Normal
174 J2APSK 2/3-L 4+12+16rbAPSK 2/3 Normal
178 32APSK 32/45 4+8+4+16APSK 128/180 Normal
180 32APSK 11/15 4+8+4+16APSK 132/180 Normal
182 3J2APSK 7/9 4+8+4+16APSK 140/180 Normal
184 B64APSK 32/45-L 16+16+16+16APSK 128/180 Normal
186 64APSK 11/15 4+12+20+2BAPSK 132/180 Normal
190 B4APSK 7/9 8+16+20+20APSK 7/9 Normal
194 B64APSK 4/5 8+16+20+20APSK 4/5 Normal
198 B64APSK 5/6 8+16+20+20APSK 5/6 Normal
200 128APSK 3/4 128APSK 135/180 Normal
202 128APSK 7/9 128APSK 140/180 Normal
204 256APSK 29/45-L 256APSK 116/180 Normal
208 256APSK 2/3-L 256APSK 20/30 Normal
208 256APSK 31/45-L 256APSK 124/180 Normal
210 256APSK 32/45 256APSK 128/180 Normal
212 256APSK 11/15-L 256APSK 22/30 Normal
214 256APSK 3/4 256APSK 135/180 Normal

Table 17a of the ETSI EN 302 307-2 V1.3.1 (2021-04)
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DVB-S2X measurement

DVB-S2/S2X demodulation and decoding diagram is shown below.

Demod Measurement BCH/LDPC Encoder Off
like EVM (RAW BER)

Deinterleaving
/De-framing to
FECFrame

Customer IQ Demod Removing Pilot &

buT PL Descrambling PL Signaling

BCH/LDPC Encoder On
(Decoding BER)

BBFrame
LDPC Decoding BCH Decoding Deframing/
Descrambling

Payload Extraction
(MPEG TS or GSE)

Using 89600 VSA DVB-S2/S2X (89601DVBC) with N7623C Signal Studio for Digital Video
(N7623EMBC), and PWSG Advanced Waveform Ultilities (N7618APPC) for multi-carrier combination, you
can perform signal analysis for satellite DVB-S2X signals.

Figure 2. DVB-S2/S2X measurement system
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Software configuration requirements

The following table lists the required software and licenses.

Product Licensing Software release

N7623C Signal Studio for Digital Video N7623EMBC 2020 Update 1.0 or the latest on K.com
. . 89601DVBC

89600 DVB-S2/S2X Satellite Measurement Application (89601200C is required) VSA2024 or the latest on K.com

PathWave Signal Generation Advanced Waveform N7618APPC 2023 Update 1.0 o the latest on K.com

Utility (PWSG AWU)

DVB-S2X Signal Generation and Analysis —
Single Carrier

DVB-S2X specification uses both Canonical and Implementation MODCOD (modulation/coding) name.
Signal Studio uses Canonical name and VSA uses both (Canonical name with Implementation name in
parenthesis). In this demo, we will use 256APSK 32/45 (256APSK128/180).

Table 17a: 52X MODCOD Coding

PLS code decimal value Ci ical MODCOD I I Implementation MODCOD name I | Code Type
name
129 VL SNR seti
See Table 18a
131 VL SNR set2
See Table 18a
132 QPSK 13/45 QPSK 13/45 Normal
134 QPSK 9/20 QPSK 9/20 Normal
136 QPSK 11/20 QPSK 11/20 MNormal
198 B4APSK 5/6 8+16+20+20APSK 5/6 Normal
200 128APSK 3/4 128APSK 135/180 Normal
202 128APSK 7/9 128APSK 140/180 MNormal
204 256APSK 20/45- 256APSK 116/180 Mormal
206 256APSK 2/3-L 256APSK 20/30 Normal
208 256APSK 31/45-L 256APSK 124/180 Normal
| 210 256APSK 32/45 256APSK 128/180 I Mormal
212 256APSK 11/15-L 256APSK 22130 Normal
214 256APSK 3/4 256APSK 135/180 Normal

Note: It's assumed the DVB-S2X measurement system has been connected and set up.

DVB-S2X signal generation
Generate DVB-S2X Waveform using N7623C Signal Studio for Digital Video.

1. Start N7623C Signal Studio for Digital Video and select the signal generator to be connected.

N7623C
Signal Studio
forDigitalVideo

2. Select Format as DVB-S2/S2X

AN KEYSIGHT
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I Keysight Signal Studio for Digital Video

File Control System Tuv\s Help

D & 1 DVB-T/H
Quick Setups DVB-T2
Er-tiardware DVB-C, 183 A/C
Instrument |
& ovE-s Foma
- Carrier 0 ¥  DVB-S2/S2X DVB-52/52X

1SDB-T
15DB-Tmm ﬁ
ATSC

ATSC-M/H

1838, DOCSIS DS
DOCSIS 3.1 Downstream
DOCSIS 3.1 Upstream

DTMB (CTTE) l
cMMB

1. On the Instrument page, set Frequency and Amplitude.

~ 2_Basic
Freaguency 4.500 000 000 000 GHz
Amplitude -10.00 dBm
BE Outnut On

NOTE: DVB-S2 and DVB-S2X operate in Ku band (10-14 GHz) and Ka band (18-30 GHz). This demo
guide is using a center frequency of 4.5 GHz.

2. On the Carrier page, set DVB-S2/S2X Settings as follows.

Note: CRC-8 Encoder is set to False because VSA2024 doesn’t support it.

v 2. DVB-52/52X Settinas
Filter Tvpe Root Myquist
Roll-off Factor 0.25
Svmbol Rate 20.0000000 MHz
Support DVB-52X True
VL-SNR Header False
FEC Frame Normal
Modulation Tvpe 256 APSK
Code Rate 32/45
Insert Pilot True
CRC-8 Encoder False
Number of LDPC Blacks 188
L Multi-path Channel OFF

3. On the Carrier page, set Data Source Settings as follows.

Note: Payload is set to PN9 for BER test.
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~ 4_Data Source Seifings

109.458 Mbit /s

170.726 MByte

1001010111

'V Payload Test Pattem B Data Pattern Selection - O X
Data Source Type Test Pattem

Pattern Bits User-defined bits
SYNC Insertion False Al s " AlOs User Defined

CCOF ]Wa\refnrm } = mport | [l Ewort | &PClear | M Inset |-

B¥Goussian 8 Reference {8 Acquire Ref. Total: 511 PN3
0% T} INE
& —d8 11111111100000111101111100010111 Truncated PNS

—dB 01111001111100110710001010700100

—dB = 01000100000000100001000110000100 Truncated PN13
T 01110010001010000101011010011111 TS NULL
£ B 11011001 1001 100000001 100011001010
—dd 110101100101100111700011711011107 ]

—dB 110101111107010107000000107001070711110010111011700000011100111

01001001111010111010100010010000110011100001011110110110011010
0001110111100001

Ready

OK Cancel

4. Select Generate and Download the waveform to the signal generator.

DVB-S2X signal analysis
Analyze the signal using VSA DVB-S2/S2X measurement application.

1. Launch 89600 VSA 2024 application.

PathWave

Vector Si%nal Analysis
(89600 VSA)

2. Configure the signal analyzer hardware.

Panel access: Utilities > Hardware > Configurations...
ﬁ DVB-52/52X - Keysight PathWave Vector Signal Analysis (89600 VSA)

File Edit Control Source Input MeasSetup Trace Markers Window | Utilities | Help

” (o) \, ~ Range To Peak Power (Default) ~ + Lice

Hardware

Switch: None

Configurations...

Discovered Instruments...

Event-Based Actions...

Custom Solutions

2.1 Click “+” icon, select Keysight/Agilent X-Series Signal Analyzer and click “>” icon to add a new
instrument.

AN KEYSIGHT 9
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2= New Hardware Configuration ? X

P— - 1. Select the logic. rument(s) to use. Si C cannot be combined within the same configuration.
Configurations  Discovered Instruments € ¢ contig

ate Ha

Current Analyzer Configuration: Analyzerl

Pc

4 Analyzer

Keysight VSA Stream
Keysight/Agilent X-Series Signal Analyzer
CXA, EXA, MXA, MXE, PXA,

UXA, CXA-m, UXM Series.

Frequency range depends

upon model and options.

Baseband or RF inputs

depending upon options.

@]

4 Analyzer Configurations Analyzer1

> Analyzeri

4 Source

Keysight/Agilent Signal Generator

2. Select the instrument(s) to use for each logical instrument in the configuration.

2.2 Select the instrument, type in a name and click OK to continue.

cannot be combined within the same configuration.

truments F Configuration
Keysight/Agilent X-Series Signal Analyzer

Keysight/Agilent X-Series Signal Analyzer
CXA, EXA, MXA, MXE, PXA,
UXA, CXA-m, UXM Seri
Frequency range depend:
upon model and options.
Baseband or RF inpu
depending upon options.
4 Source

/Agilent Signal Generator
or each logi rument in the conf

ADC | Keysight/Agilent PXA Signal Analyzer TCPIP0:146.208.235.242:inst0:INSTR |+

3. Name the configuration.
An

Cancel

2.3 Connect to Analyzer2.

Panel access: Utilities > Hardware > Analyzer > Analyzer2

P4 R il A

Analyzer: Analyzer2
Switch: None

Configurations.

ed Actions...

Custom Solutions

3. Select DVB-S2/S2X measurement.

Panel access: MeasSetup > Measurement Type > Satellite > DVB-S2/S2X

AN KEYSIGHT
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E Vector - Keysight PathWave Vector Signal Analysis (89600 VSA)

File Edit Control Source Input | MeasSetup | Trace Markers Window
|| C' + Range To Pe. Frequency...
ResBW..
Time...
Av
Frequency vs. Tirm
Time vs. Timi
New Measurement

e Measurement

Measurement Type: Vector Vector
Power Spectrum Anal
General Purpose
Satellite DVB-52/52X
Cellular
Wireless Connectivity
EGEIGUGEHT

Other standard formats

4. Set the display layout as Grid 2x3

Panel access: Trace Layout icon > Grid 2x3

Utilities Help

B |55~ |12

Single

5. Set the frequency and span.

Panel access: MeasSetup > Frequency... > Center = 4.5 GHz, Span = 40 MHz

ctor Signal Analysis (89600 VSA)
tup | Trace Markers Window Utilities Help

Freguency... B EE . .:
ResBW...
Time. = Meas01 - MeasSetup

Frequency ResBW Time Average

Frequency -
Measurement Channel: 1
Time

New M: ment
Center: Span:
Duplicate Measurement
40 MHz
ments.
Recording Span

nent Type: DVB-S2/

2X Demod Properties...

7| Auto Frequency Step

Time Data:
Zoom Mirror Frequency

6. Click Auto-range icon.
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E Vector - Keysight PathWave Vector Sig

File Edit Control Source Input

|| > I\E ¥ Range To Pef

Configure the parameters for DVB-S2/S2X Demod Properties.

Panel access: MeasSetup -> DVB-S2/S2X Demod Properties...

or Signal Analysis (89600 VSA)

MeasSetup | Trace Markers Window
Frequency...
ResBW...

Frequency vs.

Time vs. Time...

DVB-52/S2X Demod Properties...

71, Select Frame Definition tab and set the parameters as follows.

E Meas01 - DVB-52/52X Demod Properties ? X
Frame Definition Measurement Control Time Carrier Aggregation

Component Carrier. |All e

Frame Payload

Standard: DVBS2X. Payload Header Unknown
Symbol Rate: 20 MHz Payload: PNO
Roll-off Factor: 025 BCH/LDPC Encode On: v

FECFrame Type: Normal - Soft Decision Decoding Enabled:

LIOTETE: 256APSK 32745 (256APSK 128/180) ~ PER s

Pilot Insertion; |

Note: PN9 is used for this demo for BER calculation. BER calculations are supported if the
payload sequence is either AllOnes, AllZeros, a PN type or a custom bit sequence. You can also
import or export custom sequences.

AN KEYSIGHT
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8 Meas01 - DVB-52/52X Demod Properties

Frame Definition

Component Carrier:

4475 GHz

Frame

Standard:
Symbol Rate:
Roll-off Factor:
FECFrame Type:

MODCOD:

Pilot Insertion:

7.2. Select Measurement Control tab and set the parameters as follows.

Note:

Measurement Control ~ Time  Carrier Aggregation

All

0.25

Normal <

256APSK 32/45 (256APSK 128/180) ~

V|

4.525 GHz

Payload

Payload Header: Unknown

Payload: G

11111111111000000000110000000111  *
10000011001100011111111011000000
10111000010010110010110011110011

11100111100011110011011001111101
11110001010001101000101110010100

BCH/LDPC Encode On:
Soft Decision Decoding Enabled:

BER Enabled:

The Reference Bits Plane is set to BBHeader/Datafield plane by default, which is used

to create reference symbols for EVM calculation.

equalization.

AN KEYSIGHT
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E Meas01 - DVB-52/52X Demod Properties ? X

Frame Definition Measurement Control Time Carrier Aggregation

Component Carrier:  All

Compensation

IS T Measured at BBHEADER/DATAFIELD ~
Frequency Estimation Mode: Normal
Compensate Symbol Clock Error
¥ Compensate 1Q Offset
Comper 1Q Gain Imbalz
Use Multi-carrier Filter
Display
¥ Show EVM in dB
Points per Symbol:

Equalization

Channel Estimation Source: None None

Pilots
Normalized Channel Delay Spread: | 5 Ssymbols SOF. Pilots, and Data

Least Mean Squares

7.3. Select Time tab and set the parameters as follows.

EE Meas01 - DVB-52/52X Demod Properties ? X
Frame Definition Measurement Control Time Carrier Aggregation

Component Carrier:  All

4475 GHz 4.525 GHz

Frame Trigger On:

Frame Trigger Margin:

Result Length(PLFrames): 1

When Result Length(PLFrames) is set to 1, the Frame Summary table (including SOF,
PLSCODE, PILOT, DATA) is shown as below.

AN KEYSIGHT
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D: (CCO) DVBS2X Summary ~

FramePart Allocation [BUL e

(dB) (dBm) First Symbol Num_ of Symbols Modulation FormatBER
PLFrame -44.66 -

-11.11 g 8370 Mixed
SOF 4574 -11.04 26 QPSK
PLSCODE 4469 -11.19 : 64 QPSK
Pilot 4473 -11.22 180 QPSK
Data 4465 -11.11 8100 APSK

7.4. Select Carrier Aggregation tab.

Note: No adjustment is required for this tab.
[ )

Up to 16 component carriers can be combined into a single signal, each with different
allocations, measurement parameters, symbol rate efc.

Cross-Correlated EVM (ccEVM) can be used with Option 89601EVMC.

2= Meas01 - DVB-52/52X Demod Properties

1 ®
Frame Definition Measurement Control Time Carrier Aggregation

Preset Measurement
Selected CC for Trace Display: = CCO
Component Carriers

Reference Frequen

nable

CopyCCOto.. » [

+ AddcC

4475 GHz

4.525 GHz

Cross-Correlated EVM

Configure...
Acquisition Configuration
Channel Sta

chil 2

@ Overall Status:  No Error

With setting Cross-Correlated EVM to Enabled, you can get ccEVM result as below
| E: Cross-Correlated EVM Summary |

o ccEVM Valid Total
- (dB) Points  Points
-44.64 1669k 1669k

Overall

Change Trace A to a Constellation Diagram.

Panel access: Trace > Format > select Trace A as Visible > select Constellation format

AN KEYSIGHT
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Trace Markers Window  Utilities

™ _
Trace A + Format Coupling Y Scale X Scale Average Digital Demod

Data
Trace A ~  + | Visible
Format...

Coupling... Format:

Y Scale... Constellation Log X-Axis
X Scale... Log Mag (dB)
Average... 1 Mag

Time Segment Display Mode:

Condensed

Wrap Phase
Unwrap Phase
1-Q
Constellation
Q-Eye

I-Eye
Trellis-Eye
Group Delay

Log Mag (lin)

Real vs. Imag

You should see successful demodulation results and a very low EVM.

28 DVB-52/52X - Keysight PathWave s (39600 VSA) X

MeasSetup  Trace Markers Window  Utilities  Help

: Bl @ . (R[50 I R U A

LinMag

B: Ch1 Spectrum | H: Ch1 CCDF F: (CC0) DVBS2X Phase Err

Bm D: (€C0) DVBS2X Summary 14125

FramePart Allocation

" First Symbol Num. of Symbols Modulation Format BER
PLFrame -

EVM  Power
(dB)  (dBm)
4460 1112 ~ 8370 Mixed
SOF 4518 -11.05 2 QPSK
PLSCODE 4472 -11.20 64 QPSK
Pilot 4466 -11.22 180 QPSK
Data 4460 -11.11 8100 APSK

LogMag

TimeLen 41

3 Meas01: Playback Measurement - recording DVBS2X_256APSK_128_180.sdf Meas01: INTREF 3 | MeasO1: CAL:None 3

There are more traces and tables available to be displayed, for example, Error Vector Spectrum,
Decoded Info and BER bits and so on. For more information, you can search Available Error Summary
Data (DVB-S2/S2X) and Available Trace Data (DVB-S2/S2X) in the 89600 VSA Help.

The Syms/Errs table show the composite EVM of all segments. The upper section show the error
information and the lower section shows the binary bits for each symbol.
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Summary table is a type of Matrix Table that provides sortable rows by column, selectable column
visibility, and copy/paste and export functionality to share rows of content or complete tables to
applications like email, text editing or spreadsheet programs.

DVBS2X Summary displays EVM/Power/Mod format/BER of the entire Frame and each active segment
within the Frame. Right click the header row to display the menu and select Column Visibility. You can
configure the columns to be displayed.

D: CCO DVBS2X Summary ~ Z= Column Visibility ? X

5 EVM Power - .
FramePart Allocation (dB) (dBm) First Symbol Num. of Symbols Modulation Format BER

PLFrame 4468 -11.15 . 8370 Mixed
SOF 4592 -11.04 0 26 QPSK

4 B Al Expand All
4 |W| Labels Collapse All
v

PLSCODE 4465 -11.19 26 64 QPSK
Pilot 4494 1122 180 QPSK
Data -4468 -11.15 920 8100 APSK

v

4 |/ Metrics

¥ EVM (dB)
+ Power (dBm)

+| First Symbol

+| Num. of Symbols

+| Modulation Format
4 M Bit Errors
v BER
Bit Errors (bit)

Bit Count (bit)

OK Cancel

9. To increase the number of Bit Count for the BER calculation, use averaging.

Panel access: Meas Setup -> Average -> Average Type = RMS (Video)

AN KEYSIGHT
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etup| Trace Markers Window E Meas01 - MeasSetup
Frequency...
ResBW... Frequency [ Time Average

Time... Average Type: Count:

Average...

S S RMS (Video) > 10
Frequency vs. Time... Off

Time vs. Time... RMS (Video)
S (Video) Exponentia

T RMS (Video) Exponential

Time

Duplicate Measurement

Time Exponential E ﬁ
Measuremer

Continuous Peak Hold
Measurement Type: DVB-52/S2X Peak Hold

DVB-52/S2X Demaod Properties...

C: (CCO) DVBS2X Syms/Errs ~

10. The Demod bits are displayed in Hex by default. You can change it to Binary.

Panel access: Trace -> Digital Demod > Symbol Table Format > Binary

2= Trace ? X
Format Coupling Y Scale X Scale Average Digital Demod
TraceC = + V| Visible

Symbol Table Format: Ideal State
Hex Shape:
Binary Circle
Hex Size:

5%

Symbol Shape:

Bars

Eye Length: Code Order:

2 Bit Reverse

Time Unit:

sym v Show 2D Avg Line
Frequency Unit:

carrier
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DVB-S2X Signal Generation and Analysis — Multi-
Carrier
In this demo, we will use 16APSK 3/5 .

Note: It's assumed the DVB-S2X measurement system has been connected and set up.

DVB-S2X multi-carrier signal generation

We will generate three DVB-S2X single carrier waveforms separately using N7623 Signal Studio for
Digital Video and combine the three waveforms into a multi-carrier signal.

1. Launch N7623C Signal Studio for Digital Video and select the simulation mode.

N7623C
Signal Studio
for Digital Vidao

o

2. Select Format as DVB-S2/S2X

B Keysight Signal Studio for Digital Video
File Control System Tuw\s Help
el &1 DVB-T/H
[~ Quick Setups DVB-T2
EF Hardware DVB-C, 1.83 A/C |
-~ Instrument
= e { Troma
Carrier 0 « DVB-S2/52X DVB-52/52X
1SDB-T
1SDB-Tmm
ATSC |
ATSC-M/H
183 B, DOCSIS DS
DOCSIS 3.1 Downstream
DOCSIS 3.1 Upstream I
DTMB (CTTB) L
cMMB !

Note: CRC-8 Encoder is set to False because VSA2024 doesn’t support it.

3. On the Carrier page, set DVB-S2/S2X Settings as follows.

| 2. DVB-32/32X Settinas

Filter Tvoe

Roll-off Factor
Svmbol Rate
Support DVE-S2X
VL-SNR Header
FEC Frame
Modulation Tvoe
Code Rate

Insert Pilot

CRC-8 Encoder
Number of LDPC Blocks
Multi-path Channel

Root Myquist
0.35
400.0000000 MHz
True

False

Nomal

16 APSK
3/5

True

False

20

OFF

4. On the Carrier page, set Data Source Settings as follows.

Note: Select the payload as PN15. It's recommended to use different PN sequences for three
waveforms, so the combined multi-carrier CCDF can be improved compared with the same PN
sequence for all carriers.
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* 4 _Data Source Settinas . ; —
Useful Bit Rate 925 518 Mbit /e e Data Pattern Selection O =

Supported File Size 72154 MByte

« Pavload Test Patiem " Allls " All0s | @ User Defined
Test Pattem
I Pattern Bits User-defined bits |

SYNC Insertion False = Import |.Expart ‘ &P Clear ‘ il Insert vI

Total: 32767 PNS

01000110100110100110100010100010
10100001100001100011101011101011 Truncated PN9
1000110000110100110101 1101000101
01100001000011001011100111010100 Truncated PN15
00011100011100011011011011011010 TS NULL
01001001001010100100100100000010.
0100100011100010010011011011001001010010010100100001001000010
0111001001110010110100101101000100010001000110011001100110101
0101010101] v

OK Cancel

5. Generate the waveform and save the waveform file as DVBS2X 16APSK 400MHz_1.wfm.

= Keysight Signal Studio for Digital Video - = Keysight Signal Studio for Digital Video -

File Contral System Tools Format Help Control System Tools Format Helg

S| &N New Ctri+N
Open Settings File Ctrl+O
Save Settings File Ctrl+S

I Export Waveform Data I

Exit

Change the PN sequence as appropriate, and generate and save the waveform file “DVBS2X
16APSK 400MHz_2.wfm”.

Change the PN sequence as appropriate, and generate and save the waveform file “DVBS2X
16APSK 400MHz_3.wfm”.

Note: The three waveform files need to be saved in a USB disk where the VXG-C and the AWU
application can access and load the files.

6. You can select one of the following two options to combine the three waveforms to a multi-carrier
signal.

Note: M9484C VXG Signal Generator with frequency up to 14 GHz or above and bandwidth 2.5
GHz is used in this demo. The instrument is connected successfully in the DVB-S2X
measurement system.

Option 1: Using option M9484C-8SG

Combine three waveforms of DVB-S2X single carrier using M9484C VXG with Option M9484C-
8SG.

1. Load and enable three waveforms. Set the Frequency Offset as follows.
DVBS2X 16APSK 400MHz_1.wfm Frequency Offset = -600 MHz, Attenuation = 0 dB
DVBS2X 16APSK 400MHz_2.wfm Frequency Offset = 0 MHz, Attenuation = 0 dB

DVBS2X 16APSK 400MHz_3.wfm Frequency Offset = 600 MHz, Attenuation = 0 dB

AN KEYSIGHT 20


http://www.keysight.com/
http://www.keysight.com

> Group 1: Signal Summary

Frequency Offset Attenuation Status

{ 460MHz. -600.000 000 MHz 0ds Playing

< 460MH, 0Hz 0d8 Playing

16APSK 460MHz. 600.000 000 MHz 0dB Playing

2. Set Center Frequency = 10 GHz, Amplitude = 0 dBm, RF Output = On, as shown
below.

Adjustments Output Mod RF Output
10.000 000 000 000 00 GHz

Option 2: Using the PWSG AWU application
Combine three waveforms of DVB-S2X single carrier using the PWSG AWU application.

1. Launch the PathWave Signal Generation Desktop 2024 and start the application
Advanced Waveform Utility (AWU).

PATH B File -

(A Home

(7 Keysight PathWave Signal Generation

© Open Recent 35 Applications

5GNR

Advanced Waveform Utility

2. Connect to the instrument.

Panel access: System > Change Hardware > M9384B/M9484C VXG Signal Generator
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PATH 3 File v System ~ i il

(R Home Advanced Waveforn Change Hardware > X-Series Signal Generator

‘ Generate + Generate & Download
M9384B/M9484C VXG Signal Generator

Update to Instrument  Update from Instrument Preset F .
M9471xA VXT PXI Vector Transceiver

~ Hardware

7 M8195A Arbitrary Waveform Generator DUC
M9384B/M9484C VXG Signal Generator

N5186A MXG Signal Generator

3. Select Hardware tab.

In Address, input the IP address of the VXG and click Connect.
Set Baseband Channel Assignment = 1

Set Frequency = 10 GHz

Set Amplitude = 0 dBm

PATH 5 File System B -.B_S2X_3CC_AWU 400 MHZpwsg (1) B a7 e [
(A Home Advanced Waveform Utility

, Generate 4 Generate & Download Waveform Hardware [» Export Data

Update to Instrument ~ Update from Instrument Preset  Power Search Connect

~ Hardware ~ 1, Configuration
TCPIP0::K-M3484C-40102.815.0s | v

M9384B/M9484C VXG Signal Generator

Instrument

Baseband Channel Assignment 1

1/Q DC Alignment v
v 2. Basic

Frequency

Amplitude

RF Qutput

4. Select Waveform tab.

Select Carrier Setup.

Click “+” icon to add two carriers CC1, CC2.

Select Carrier0 and load the waveform “DVBS2X 16ASPK 400 MHz_1.wfm”
Select Carrier1 and load the waveform “DVBS2X 16ASPK 400 MHz_2.wfm”

Select Carrier2 and load the waveform “DVBS2X 16ASPK 400 MHz_3.wfm”
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Frequency Offset
Adjustment

Carrier Setup Length Adjustment

= , A N

Carrier 0 Length

Carrier 1 E3E3s

Carrier 2

v Segment
Segment Type
Waveform Type Keysight Signal Studio (.wfm) v
DVBS2X 16APSK 400MHz_1.wfm| >
Sample Rate 800 MHz
Number of Samples

Select Frequency Offset Adjustment and set parameter as follows.
CarrierQ Frequency Offset = -600 MHz
Carrier1 Frequency Offset = 0 MHz

Carrier2 Frequency Offset = 600 MHz

-| Frequency Offset |

e Length Adjustment

Carrier Setup

Sample Rate
Frequency Offset Sample Rate Resampling Ratio Enabled

-600 MHz 800 MHz
0Hz 800 MHz

600 MHz 800 MHz

5. Click Generate & Download
5 File - System 0O = i ..hnologies\Markekting\WLAN\Proje

Advanced Waveform Utility ™

+ Generate & Download ‘Waveform Hardware

Calibrate
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You can select the Spectrum window to check the combined DVB-S2X 3 Carriers
Spectrum.

um CCDF

You can select the CCDF window to check the combined DVB-S2X 3 Carriers CCDF
trace compared to Gaussian reference.

1Q Spectrum CCDF Reference  Acquire Reference Burst ~

10% 3.64dB

0.001%

0.0001% 8.22dB

DVB-S2X multi-carrier signal analysis

Analyze the signal using VSA DVB-S2/S2X application.

Note: the signal analyzer need to have 2 GHz bandwidth in order to analyze the three-carrier signal in this
demo.

3. Refer to DVB-S2X Signal Analysis step 1 ~ step 4 to set up the VSA DVB-S2/S2X application.
4. Setthe frequency and span.

Panel access: MeasSetup > Frequency... > Center = 10 GHz, Span =2 GHz
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Note: If you cannot set the span to 2 GHz, check the analyzer bandwidth option.
5. Configure the 89600 VSA with Multi-carrier Configuration.
Panel access: MeasSetup > DVB-S2/S2X Demod Properties...

2.1 Select Carrier Aggregation tab and click “+ Add CC” to add CC1 and CC2. Set carrier
parameters as below.

ﬁ Meas01 - DVB-52/52X Demod Properties 7 X
Frame Definition Measurement Control Time Carrier Aggregation
Preset Measurement
Selected CC for Trace Display: = €CO
Component Carriers
Reference Frequency: | 10 GHz

Ena

-600 MHz 400 MHz Copy CCOto... »

0Hz 400 MHz Copy CC1 to... »

600 MHz 400 MHz Copy CC2 t0... »

11.14 GHz

Correlated EVM

Enabled Configure...

& Overall Status: No Error

2.2 Select Frame Definition tab and set parameters for each carrier as below.

Note: MODCOD=16APSK 3/5
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E Meas01 - DVB-52/52X Demod Properties ? X
Frame Definition Measurement Control Time Carrier Aggregation

Component Carrier: | All >

A [<a ac2

886 GHz | | | 11.14 GHz
9.4 GHz 10 GHz 10.6 GHz

Frame Payload

Standard: DVBS2X Payload Header: Unknown

Symbol Rate: 400 MHz Payload: PN15
Roll-off Factor: 0.35 BCH/LDPC Encode On: v

FECFrame Type: Normal Soft Decision Decoding Enabled: ¥

MODCOD: 16APSK 3/5 (4+12APSK 3/5) ~ BER Enabled: L4

Pilot Insertion: v

6. Adjust the Range without Overload.

7. You will get the measurement result as the following if you make all of the configuration correctly.

Trace A: Constellation for the DVB-S2X as 16APSK

Trace B: Spectrum with 3 DVB-S2X carrier, each with 400 MHz

Trace E: DVB-S2X Decoded Info

Trace C: DVB-S2X Syms/Errors

Trace D: DVB-S2X Summary (Each Frame Part with SOF, PLSCODE, Pilot, and Data are
shown with EVM, Power, First Symbol Location, Num. of Symbol, Modulation Format, and
BER)

e Trace F: DVB-S2X Carrier Summary (CF, Offset, Symbol Rate, EVM, Channel Power,
Frequency Error, Symbol clock error, Mag Error, Phase Error, BER Error are all shown here
for all of the selected carriers)

file Edit Control Souce Input MeasSetup Trace Markers Window Utilites Help
[] 1] \E ~ Range To Peak Power (Defautt) ~ = H 5=5- I R 50 1 22 Ui A 5% o =
A (CC2) DVBS2X Meas Time - x [ECCoDVBS2X Decoded Info - x [ (cc2) DVBS2X Syms/Errs ~

D: (CC2) DVBS2X Summary
Power

EVM
FramePartAllocation o' (dpry
.04

First Symbol Num. of Symbols Modulation Format BER

PLFrame 0 Mixed
SOF 6 QPSK
PLSCODE 6 QPSK
Pilot 3 QPSK
Data -3 APSK

F:Ch1 DVBS2X Carrier Summary

Center Offset ~ Symbol RateEVM  Channel PowerFreq Err Sym Clk Err Mag Error Phase Error
(Hz) (Hz)  (H2) (@) (dBm) (Hz) (ppm) (%) )
cco 9. 600 M 460 M 5 919m 0877
106 0 460 M -37.40 6 437m 0944
CC2 106G 600M 460 M 6 541m 0913

BER

< Meas01: Measurement running MeasO1: EXTREF & | Meas0t: CALOK 3
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Conclusion

The 89600 VSA software’s DVB-S2/S2X Satellite Modulation Analysis measurement extension, Option
89601DVBC, supports BER metrics with full channel decoding and multi-carrier configuration within a
single measurement for DVB-S2 and DVB-S2X signals.

By configuring result traces for spectrum, acquisition time, and DVB-S2 / S2X specific modulation quality
traces and tables, engineers can easily identify signal characteristics and troubleshoot issues such as
intermittent errors or recurring synchronization failures.

Additional Information
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