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ISDB-T with Tmm Digital Video Test Measurement Details

This demonstration guide
follows the list on this page,
which shows the demonstra-
tions included in this document.
Each demonstration is given

a brief description of its func-
tion and the corresponding
measurement steps on the
signal generator and/or signal
analyzer.

Most of the RF transmitter measure-
ments as defined by the ISDB-T
standard, as well as a wide range of
additional measurements and analysis
tools, are available with a press of a
button. These measurements are fully
remote controllable via the IEC/IEEE
bus or LAN, using SCPI commands.

Analog baseband measurements

are available on the Keysight
Technologies, Inc. PXA or MXA
signal analyzer equipped with BBIQ
hardware. Supported baseband
measurements include all of the
modulation quality plus 1/Q waveform
measurements.

Technology

ISDB-T

ISDB-Tsg

ISDB-Tmm

Measurement application

N6155A, W6155A N6155A, WE155A N6155A, W6155A

X-Series analyzer

PXA, MXA, EXA,  PXA, MXA, EXA, PXA, MXA, EXA,

CXA'

CXA'

CXA!

Measurements

Channel power
RF spectrum
Shoulder attenuation

Adjacent channel power

Spectrum emission mask

Power statistic CCDF

Occupied BW

Modulation accuracy

RMS EVM (%)

Peak EVM (%)

Position of peak EVM

RMS MER (dB)

Peak MER (dB)

Position of peak MER

RMS mag error (%)

Peak mag error (%)

Position of peak Mag error

RMS phase error (deg)

Peak phase error (deg)

Position of peak phase error

Frequency error (Hz)

Tx power (dBm)

Quadrature error (deg)

Amplitude imbalance (dB)

In-band spectrum ripple
Amax-Ac (dB)
Amin-Ac (dB)

MER/EVM vs. subcarriers/
frequency

MER by layer A/B/C (dB)

MER by data, pilot, TMCC and

AC1 (dB)

MER vs. segment

Amplitude vs. subcarriers (dB)

Phase vs. subcarriers (deg)

Group delay vs. subcarriers (ns)

Channel impulse response (dB)

Spectral flatness (dB)

TMCC decoding

AC decoding

ISDB-Tmm config

1.

signal analyzer.

2

2. This measurement on the ISDB-Tmm signal requires manual configuration.

N6155A operates in the PXA, MXA, and EXA signal analyzers. W6155A operates in the CXA



Demonstration Preparation

The following demonstrations use
the X-Series signal analyzer and

Minimum equipment configuration requirements

the MXG N5182A vector signal

Model number

Required options

Product type
generator. Keystrokes surrounded
by [ ] indicate front-panel keys; MXG vector
keystrokes surrounded by { } indicate signal
generator

softkeys located on the display.

N5182A
(Firmware revision
A.01.20 or later)

— 651,652 or 654 — internal baseband
generator (30 M/60 M/125 MSa/s, 8 MSa)

— 019 — Upgrade baseband generator memory to
64 MSa (recommended)

Signal Studio
for Digital
Video, ISDB-T
option

— N7623B — RFP
advanced ISDB-T

— N7623B — MFP
advanced ISDB-
Tmm (software
revision 4.1.0.0 or
later )

Please check N7623B signal studio
web page for the latest version
www.keysight.com/find/signal_studio

X-Series
signal
analyzer

N9000A, N9010A,
N9020A, or N9030A
firmware revision
A.08.xx or later

Recommended:

— EA3 - Electric attenuator, 3.6 GHz

— POx — Preamplifier

— POx (P03, P08 (P07 for CXA))

— BBA — Analog baseband IQ inputs (for analog
baseband 1Q analysis)

Required:

— 503, 508, 507, (EXA and CXA), 513 or 526-513
and 526 not available on CXA

— B25 — Analysis bandwidth, 25 MHz

ISDB-T
measurement
application

N6155A — N9010A,
N9020A, N9030A
W6155A — N900OA
only

Required:

— 2FP: ISDB-T measurement application,
fixed perpetual license

— 3FP: ISDB-Tmm measurement application, fixed
perpetual license

OR

— 2TP: ISDB-T measurement application,
transportable license (Only for PXA/MXA/EXA)

— 3TP: ISDB-T measurement application,
transportable license (Only for PXA/MXA/EXA)

Controller PC
for Digital
Video

Signal Studio’

Install N7623B to generate and download the
signal waveform into the Keysight MXG via GPIB
or LAN (TCP/IP)—please refer to the online
documentation for installation and setup

1. Keysight X-Series PXA/MXA/EXA/CXA signal analyzers can be used as the controller PC to install
the N7623B Signal Studio software and download waveforms into the MXG via LAN or GPIB.

Helpful tip:

Update your instrument firmware and software
to the latest version, available at

www.keysight.com/find/xseries_software and
www.keysight.com/find/signalstudio


http://www.keysight.com/find/signal_studio
http://www.keysight.com/find/xseries_software
http://www.keysight.com/find/signalstudio

Demonstration Setup

Connect the PC, X-Series, and MXG

Connect a PC (loaded with Keysight e —

N7623B Signal Studio for Digital Video = LAN/GPIB

software and Keysight 1/0 libraries) — VIXG

to the N5182A MXG via GPIB or LAN. N7623B Digital R . R

Follow the Signal Studio instructions Video Signal Studio Out

to complete the connection, and 10 MHz Ref

then perform the following steps

to interconnect the X-Series signal

analyzer (see Figure 1 for a graphical T

overview): g |° X-Series
signal

A. Connect the MXG RF Qutput port g 2o

= & 'REin

to the X-Series signal analyzer RF

Input port Figure 1. Demonstration setup
B. Connect the MXG 10 MHz Out to

the X-Series signal analyzer Ext

Ref In port (rear panel)



Demonstrations

Demonstration 1;

Set up ISDB-T/ISDB-Tmm
Digital Video Signal Studio
on MXG

The Keysight N7623B Signal Studio
for Digital Video is a Windows-based
utility that simplifies the creation

of standards-based or customized
digital video signals. The waveform
is downloaded into the MXG vector
signal generator, which generates RF
or 1Q signals.

Instructions Keystrokes
On the MXG
Preset the MXG [Preset]

Check the IP address

[Utility] {1/0 Config} {LAN Setup}

On the Signal Studio software

Run the Keysight Signal Studio for
Digital Video

Double-click on the Digital Video shortcut on the desktop
or access the program via the Windows start menu

Verify the software is communicating
with the instrument via the GPIB or
LAN (TCP/IP) link

To establish a new connection, click on the {System} pull-
down menu at the top of the Signal Studio program win-
dow. Next, select {Run System Configuration Wizard}.

To generate ISDB-T signals

Select the ISDB-T format

Click on the {Fermat} pull-down menu at the top of the
Signal Studio program window. Next, select {ISDB-T}

Set the parameters of the signal
generator with center frequency
713.142857 MHz, amplitude

—20 dBm, RF output turned On, and
ALC On

Click Signal Generator at the left on the Explorer menu.
Instrument Model Number: N5162A/N5182A

Press [Preset] green button on the top.

Frequency = 713.142857 MHz, Amplitude =-20 dBm,
RF Output = On, ALC = On

Confirm the waveform setup from
upper level

Click Waveform Setup to see the fundamental waveform
signal setups. The default settings are used in this demo.

Configure a test signal for
demonstrations

Click Carrier0 under Waveform Setup on the left of the

Explorer menu to see the setups on Carrier0, set the

parameters for each layer as follows and leave the others

as default.

— Layer A: 1 Segment; Code Rate = 2/3; QPSK; I (Time
Interleaving length) = 4

— Layer B: 4 Segment; Code Rate = 3 /4; 640AM; | = 2

— Layer C: 8 Segment; Code Rate = 5/6; 16QAM; | = 4

Then select AC Builder Tool in the AC setup cell and

configure the earthquake alarm information using the AC

Builder in the AC cell.

Figure 2 shows the look of the window after the ISDB-T

setup finishes.

To Generate ISDB-Tmm signals

Select the ISDB-Tmm format

Click on the {Fermat} pull-down menu at the top of the
Signal Studio program window. Next, select {ISDB-Tmm}.

Set the parameters of the signal
generator with center frequency
214.714286 MHz, amplitude

—20 dBm, RF output turned On, and
ALC On

Click Signal Generator at the left on the Explorer menu.
Instrument Model Number: N5162A/N5182A

Press [Preset] the green button on the top.

Frequency = 214.714286 MHz, Amplitude =-20 dBm,
RF Output = On, ALC = On

Confirm the waveform setup from
upper level

Click Waveform Setup to see the fundamental waveform
signal setups. The default settings are used in this demo.

Configure a test signal for
demonstrations

Click Carrier0 under Waveform Setup on the left of the
Explorer menu to set the parameters of the ISDB-Tmm
signal, and then click Super Segment x and 1-seg x

(if the super segment type is type B) to configure the
ISDB-Tmm frame.

In this demo, the default settings, which are compliant to
the configuration A defined in the ISDB-Tmm operational
guide, are used.

Download the signal to the MXG

Click ! (generate and download button) on the top tool
bar. If you encounter any errors, please refer to the online
help in the Signal Studio software

Save the signal file for future use

File > Save Setting File > ISDB.scp (name it)

Export the waveform file for future use

File > Export Waveform Data > ISDB.wfm (name it)
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Signal Studio for Digital Video

File Conirol System Tools Format Help

\000next_geniselene)iSDB.scp

<l |

Ready  Conmectsd

[ = 1
Quick Setups [Earrer
= Hardware
Signal Generator +|X[2%|
Licenses Carier [ State | Format | Frequency Offset | Power [
=1 Wraveform Satup Catier 0 On 1SDB-T 0.00Hz 0.00d8
Carer T Hint
e =)
State an
Frequency Offset 0.000000 Hz
Initial Phase 000 deg
Fover 000 B
Window Length 4
=]
Region Japan
Number of Frames 1
Number of Segments 13
Mode Mods 3 | |
Guard Interval
Partial Reception/Transmission‘segment Identification [TMCC B27 True
RS Encoder On
Layer & 1 Segment; Code Rate = 2/3; APSK; 1 = 4;
Layer B 4 Segments; Code Rat 374; 64 QAM: |
Layer C 8 Segments: Code Rate = 5/6; 16 GAM: |
Inital Synehranizing Signal wd
Broadzasting Type 15081 s
CCOF | Wavefom |
B Gaussian B Reference  MAcquire Ref.

Figure 2. ISDB-T/ T, signal setup in the Keysight Signal Studio software

Signal Studio for D

ital Video - Untitled

File Control ‘System  Tools Format  Help
DEH &1
Quick Setups Carrier
Hherae Carien [State [ Fomat [ Frequency Offset__[ Power |
Clenshapnenar Catrer 0 On 15DE-Tmm 000H: 000dE
Licenses
E-Waveform Setup
= Carrier 0
o 3uper Segment 0
E S_uper Segment 1
Carrier ™ Hint
B 1. Basic .
State On
Farmat ISDB-Trnim
Fiequancy Offset £.000000 He
Initial Phase 0.00 deg
i Power 0.00dB
S lnerseamnents ‘window Lenath i
El 2 ISDB-Tmm Settings )
Mumber of Frames 2
Mode Mode 3
Guard Interval 1/
Multi-path Channel OFF

CCOF | Wwaveform |

Gaussian B Reference i Acquie Ref

0% —d5 -
1% -dE

(RS —~dB

0.01% —de

0.001% - dB

10001 %

Ready |Connected |

0.00 de

Figure 3. ISDB-Tmm signal setup in the Keysight Signal Studio Software




Demonstration 2:

Channel power

The channel power measurement
has two views: RF spectrum and
shoulder attenuation.

— RF spectrum view measures and
reports the integrated power in
an ISDB-T defined bandwidth
and power spectral density (PSD)
displayed in dBm/Hz or dBm/MHz.

— Shoulder attenuation view
measures shoulder attenuation
compliant with the ISDB-T standard.

Helpful tip:

To make RF spectrum
and shoulder attenuation
measurements according
to the ISDB-T,
standard, change

the integration BW,
shoulder offset start,
and shoulder offset stop
values under the meas
setup menu manually
as needed.during the
demonstration.

Instructions

Keystrokes

On the X-Series signal analyzer:

Preset the signal analyzer

[Mode Preset]

Select ISDB-T mode

[Mode] {ISDB-T}

Choose ISDB-T standard

[Mode Setup] {Radio Std} {ISDB-T}

Set a center frequency at 713.142857 MHz

[FREQ Channel] {Center Freq}
{713.142857} {MHz}

Select channel power measurement
(RF spectrum default)

[Meas] {Channel Power}

Switch to shoulder attenuation view

[View/Display] {Shoulder Attenuation}

| ISDB-T - Channel Power
| | AC

Center Freq 713.142857 MHz CHF
Input: RF

Trig: e Run
Atten: 10 dB (Elec 0)

=
#IFGain:Low

Ref -20 dBm

Center 713.1 MHz

Res BW 30 kHz VBW 300 kHz

Channel Power

-19.34 dBm/ 5.6 MHz

| SENSEINT| AUGNAUTO |
713.142 857 MHz (CH Num: 53)
Avg|Hold: 10110

EEE

EUTYTECAS e ViewiDisplay

Display»

RF Spectrump

Shoulder
Attenuation

Span 10 MHz|
Sweep 13.33 ms

Power Spectral Density

-86.82 dBm/Hz

AC | SEWSEINT|

EIBIE

| ALIGNAUTO |

CH Freq: 713.142 867 MHz (CH Num: 53)
Avg|Hold: 10110

Trig: Free Run

Input: RF
Atten: 10 dB (Elec 0)

—-—
#IFGain:Low

Stop 710.6 MHz | Start 715.6 MHz

#Res BW
10.00 kHz

CenterFreq
713.14 MHz

Span
10.00 MHz

Shoulder Attenuation
55.25 dB
55.25 dB
55.55 dB

Overall Lovwer

Lower

Upper Upper

#VBW
1.00 kHz

Radio Std: ISDBT ViewlDisplay

Display»|
I
| RFSpectrum>
I
Shoulder
Attenuation

Ref -20 dBm

Stop 718.1 MHz

SweepTime
785.20 ms

Shoulder Point Information
-95.57 dBm@ 709.65 MHz
-95.86 dBm@ 716.46 MHz

Figure 5. Channel power measurement with shoulder attenuation view
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Demonstration 3;

Adjacent channel
power (ACP)

The ACP test verifies the ability of
the modulator or transmitter to limit
the interference produced by the

Instructions

Keystrokes

On the X-Series signal analyzer:

Activate adjacent channel power (ACP)
measurement

[Meas] {ACP} {More 1 of 2}

Compare the measurement result with
noise correction turned on (default is off).
A better ACP result is achieved with noise

[Meas Setup] {More 1 of 3} {More 2 of 3}
{Noise Correction On}

transmitted signal to other receivers SO ([

operating in the adjacent in-band or
gdj.acent out-ba.nd RF channel. The — e
limit can be.deflned to measure t.he =0, L ——— L —
power in adjacent channels relative Inpu: RE LIETesBun g | alteledone

to the transmitted power.

Measurements

)
IFGain:Low Atten: 10 dB (Elec 0)

Channel Power|

The ACP measurement results should
look like Figure 6. The text window
shows the power in the adjacent
channels.

Power Stat|
CCDF

Spectrum|
|| Emission Mask

Center 713.1 MHz |
tRes BW 39 kHz

Span 30 MHz|
Sweep 23.6 ms|

Occupied BW|

Total Carrier Power -1

Carrier Power Filter
m/ 5600MHz OFF

Helpful tip:

To make the adjacent
channel power measure-
ment according to ISDB-
Tmm standard, change
the settings under the
Meas Setup menu
manually, as needed.

Figure 6. ACP measurement with noise correction on



D emaon St rat | on 4 Instructions Keystrokes

On the X-Series signal analyzer:

Power stat CCDF

Activate the power stat CCDF measurement [Meas] {Power Stat CCDF}

The power stat complementary Store a reference trace [Trace/Detector] {Store Ref Trace}

cumulative distortion function (CCDF)

is a statistical method used to inter- Turn on reference trace [Trace/Detector] {Ref Trace On}

pret the peak-to-average ratio of
digitally modulated noise-like signals.
It is a key tool for the power amplifier

ISDB-T - Power Stat CCDF g@@

() % | S0 Q | | CORREC | AC | SENSEINT] | M
. . . Center Freg 713.142857 MHz Cl 713.142 857 MHz(CH Num: Radio Std:ISDBT
design in ISDB-T/T_./Tmm transmit- e B i FrasRun . Counts:.48 MO0 Mot
SB HFGainLow * Atten: 10 B (Elec0)

| Channel Power|

ters, which is particularly challenging
because the amplifier must be

100 % Gaussian
for

Average Power

capable of handling the high peak- -19.26 dBm ACP
to-average ratio while maintaining 36.82 % at 0dB e
good adjacent channel leakage Power Stat
performance. £

Spectrum

10.0 % 3.63dB Emission Mask|

1.0 % 6.63 dB
0.1% 8.37 dB
0.01 % 9.60 dB
0.001% 10.61dB
0.0001% 11.03 dB

Peak 11.20 dB
-8.06 dBm

Mod Accuracy

0.001 %} Occupied BW|

il

More
10f2

STATUS

|

| | | CORREC | AC | SENSEINT] | ALIGNAUTO

= 2 |
Center Freq 713.142857 MHz CH Freq: 713.142 857 MHz(CH Num: 53) Radio Std:ISDBT
Input: RE o, Trig:Free Run Counts:5.01 M/10.0 Mpt

HIFGaimiLow — Atten: 10 dB (Elec 0) o
RefTrace

Average Power i
g 100 %isaussmn

-19.27 dBm \ RefTrag:
36.87 % at 0dB I I

GaussianLine
on Off|

10.0 % 3.63 dB
1.0% 6.62 dB
0.1% 8.37 dB
0.01 % 9.59 dB
0.001% 10.62dB
0.0001 % 11.20dB

Peak 11.46 dB

-7.81 dBm .
0.0001 A]OdB

Info BW 6.0000 MHz

Figure 8. Power stat CCDF measurement with reference trace



D emaon St rat | on 5 . Instructions Keystrokes

On the X-Series signal analyzer:

Spectrum emission mask
Activate spectrum emission mask [Meas] {Spectrum Emission Mask}

The spectrum emission mask (SEM) Input the value of the attenuator .

measurement can compare the total (for the actual ISDB-T transmitter) [Input/Output] {External Gain} {Ext Preamp}
power level within the defined car- )

rier bandwidth and the given offset Recall or edit the correction table E:EIL';tl;tg?[u[?;zEII{]N{I;:a1} of 2} {Corrections}
channel on both sides of the carrier

frequency to levels allowed by the Turn correction on [Input/Output] {More 1 of 2} {Corrections} {On}

ISDB-T/T,/Tmm standard. This
measurement rebounds to the design
of the power amplifier in the ISDB-T/
T,/ Tmm transmitter, and it is a key
o 1 pe 11 ISDB-T - Spectrum Emission Mask (=13

measurement linking amplifier | T T R —ETE —
. . Y Reference Value 30.0 dBm CH Freq: 713.142 857 MHz (CH Num: 53)  Radio Ste:ISDBT View/Display
inearity and other performance T RE BN Trig: Fraa Run i

. . . IFGain:Low Atten: 10 4B (Elec 0) Ext Gain: 60.00 dB
characteristics to the stringent
system specifications.

Select the limit type [Meas Setup] {Limit Type} {JEITA} {Auto Sense}

AbsPwrFreq
During the SEM measurement
process, the amplitude correction

] X . Rel PwrFreq
f_unctlon is employed tq address situa- |—
tions where the dynamic range of the e

Power

input signal may be larger than that of
the signal analyzer. For more details,
refer to Appendix A.

Center 713.1 MHz

Total Power Ref
To support all spectrum limits defined L ) ; I Smilines
in ISDB-T/T, standards, six limit o
types are available under the Meas
Setup, Limit Type panel, as follows:

Off|

— Manual
— JEITA: defined in ARIB STD B31

— ABNT non-critical:
defined in ABNT NBR 15601

— ABNT sub-critical: Helpful tips:
defined in ABNT NBR 15601

Figure 9. Spectrum emission mask measurement after amplitude correction

— ABNT critical: To get the format of the file to be recalled, first edit
defined in ABNT NBR 15601 several points using the onscreen editor, then press Save,
— ISDB-T,; defined in ARIB STD B29 Data (Export) Correction 1, Save As... to save the

correction data to a file. Open the file and view the format.
For JEITA limit type, there are another

four options (auto sense, 30 dB mask, To measure the spectrum mask on ISDB-Tmm signals,
40 dB mask, and 50 dB mask) that you need to use the Manual limit type and specify the
enable you to set the spectrum mask .

compliant with ARIB STD B31 version spectrum mask by setting the parameters unde_r Meas
1.7. For more details about ARIB STD Setup, Ref Channel and Meas Setup, Offset/Limit

B31 V.17 spectrum mask definition, manua”y_

use case, and settings in the N6155A
and W6155A SEM measurement,
refer to Appendix B.



Demonstration 6:

Modulation accuracy

The modulation accuracy measure-
ment is necessary to perform the
ISDB-T-defined tests and to ensure
proper operations. It provides the
EVM, MER, magnitude error, phase
error, frequency error, quadrature
error, amplitude imbalance, channel
frequency response, and channel
impulse response results for ISDB-T/
Tsg/Tmm signals. Additionally, for
ISDB-T/Tsg signals, you can measure
the EVM/MER results on each layer
or segment in 1/Q error view, TMCC
decoding results in the TMCC decod-
ing view, and AC decoding results

in AC decoding view which lists the
earthquake information carried in the
AC bits. For ISDB-Tmm signals, you
can measure the EVM/MER results
on each super segment, layer, or
segment and check the ISDB-Tmm
configurations for the current signal
in the ISDB-Tmm config view.

The procedure for and the results
from making modulation accuracy
measurements on ISDB-T/Tgs and
ISDB-Tmm signals are different and
are introduced separately in this demo.

Helpful tip:

The peak table window
in the channel impulse
response view is very
helpful in identifying the
multi-paths existing in
the channel. Figure 10
is an example of a four-
path channel with 0, 10,
20, and 30 ps delay
respectively.

To make modulation accuracy
measurements on ISDB-T/Tgg signals

Instructions

Keystrokes

On the X-Series signal analyzer:

Select the radio standard and Channel BW

[Mode Setup] {Radio Std} {ISDB-T}
[Mode Setup] {Channel BW} {6 MHz}

Activate the modulation accuracy
measurement

[Meas] {Mod Accuracy}

Select demodulation options; there are
two methods

[Mode Setup]

Select the demodulation options under this
menu according to the transmitted signal’s
format or

[Meas Setup] {Auto Detect}

View the 1/Q measured polar graph
(Figure 11)

[View/Display] {I/Q Measured Polar
Graph}

Switch to the I/Q error view (Figure 12)

[View/Display] {I/Q Error (Quad View)}

View the channel frequency response
(Figure 13)

[View/Display] {Channel Frequency
Response}

View the channel impulse response and turn
on the equalizer (Figure 14)

[View/Display] {Channel Impulse Response}
[Meas Setup] {Advanced} {Equalization} On

View the spectrum flatness (Figure 15)

[View/Display] {Spectrum Flatness}

View the TMCC decoding results
(Figure 16)

[View/Display] {TMCC Decoding}

View the AC decoding results (Figure 17)

[View/Display] {AC Decoding}

View the MER vs. Segment results
(Figure 18)

[View/Display] {MER vs. Segment}

View result metrics (Figure 19)

[View/Display] {Result Metrics}

ISDB-T - Mod Accuracy

20.06 -
39.99 <
60.05

(=T ST S, B N

o o o
wl o
Rl 2| =
Qf @ a
S| & o

=

ViewlDisplay

Display>

l/QMeasured
Polar Graph

l
4 Iv

VQError
(Quad View)

Channel
Frequency
Response

|

Channel
Impuise >
Response

Spectral
Flatness

sTATUS

Figure 10. Channel impulse response view with multi-paths
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Available views and traces in ISDB.T - Mo hcourasy

| sensEExT] M\ ALIGN OFF |

modulation accuracy: Center Freg 713.142857 MHz __ — ?:?;Eii’iﬁﬁmﬁ"m bl
. Atten: 10 dB (Elec 0)

— 1/Q measured polar graph view Display>
(Figure 11): A view of 1/Q measured S /Q Measured Polar Graph |
data of the selected sub-carriers at carrier 2808 IQ Measured

Polar Graph
4145 dB P
. —
— Results metrics (left) 2540 dB pk e
7 l'")lD
i at carrier 2808 (Quad View)
— 1/Q measured polar graph (right) 071 % —
3.26 % pk _ = Fr:::;:;l
t carrier 2808 C i Response
at carrier g I
Phase Err: 040 deg F—
I Isel>
1.31 degpk Reg‘;;‘::
at carrier 3736 [ —
-0.32Hz
-19.32 dBm

Figure 11. Modulation accuracy measurement with I/Q measured polar graph view

— 1/Q error view (Figure 12): 15057 o ooy
F . . . E— — CH rrfE-NﬁEa% 857 MHz (CH r%ﬁ;fcs%;w Radio 5td: [SDBT Layer/Segment
This is a four-window view which - e : i
. . Atten: 10 dB (Elec 0) Displa e
includes: & Layer: B (Segment 1 - 4) P y:ﬁ,’

Modulation: 84QAM

— MER/EVM vs. sub-carrier/
frequency (top left)

— Segment map (top right) I 0 '. I Layer,

— Data segment/layer polar graph
(bottom left)

. i Layer: B (Segment 1 - 4)
— Results metrics (bottom right) 1/Q Measured Polar Graph EVM: 056 % 162 % pk
MER: 4501 dB 3678 B pk
Mag Err: 039 % 145 % pk
Phase Err: 0.34 deg 320 deg pk

Quad Error: 0.0243 deg
Amptd Imbalance: -0.0051 dB

Mse STATUS!

Figure 12. Modulation accuracy measurement with 1/Q error view

Helpful tip:

In 1/Q Error view, you can see the measurement results
of each layer or segment by setting the display type.
Four windows are displayed in Figure 12. The MER
versus sub-carrier (top-left) window displays the MER
result for the entire frame. The segment map window
(top right), datasegment/layer polar graph window
(bottom left), and result metrics window (bottom right)
indicate the results for the selected display data.



— Channel frequency response view TUISODT - Hod Accuracy CE®
(Figure 13) This is a three-window = . CH FreaE:hf‘lE:i].’:Ta‘z 857 MHz (‘CH N:Sf:;;ﬂo Rladio Std:1SDBT ViewlDisplay

. ) . Trig:Free Run
view which includes:

' jatten: 10 dB
Display?|

— Amplitude vs. sub-carrier (top)

I/QMeasured,

— Phase vs. sub-carrier (middle) Polar Graph

Subcarrier

— Group delay vs. sub-carrier
(bottom)

I ErrorI>
(Quad View)

Channel
Frequency
Response

Subcartier

Subcartier

Figure 13. Modulation accuracy measurement with channel frequency response view

— Channel impulse response view ISDE-T o Acciuracy
loxt T+ RF [50Q  AC | SENSEEXT| | ANALIGN OFF ) z o
(Figure ]4) This two-window view X Scale/Div 60.00 ps CH Freq: 713.142 867 MHz (CH Num:§3)  Radio Std:ISDBT View/Display
. MM T 1ig: Free Run
displays the state of the channel in
Peak Table

7 atten: 10 48 (Elec 0)
time domain which the signal has Time (55

dB
gone through. | o00]  0000]

o Peak table (left)
o Amplitude vs. time (right)

Display>,

I/Q Measured,
Polar Graph

VQError
—_— - (Quad View)

Channel
Frequency
Response

Channel
Impulse»
Response

Spectral
Flathess

Jss STATUS i |

Figure 14. Modulation accuracy measurement with channel impulse response view




— Spectrum flatness view (Figure 15): [ I = =
This two-window view can be used - : - fEE.;;ﬁJ"”“""”“"““’
to verify whether the spectrum
flatness meets the transmitter
or exciter device standard with a
PASS/FAIL indicator and shows:

— Amplitude vs. sub-carrier (top)

— Results metrics (bottom)

Subcarrier

Inband Spectrum Ripple

— TMCC decoding view (Figure 16): 2 1 iy ] — I

Rafo Std, IS0BT Viewiisplay

This view displays TMCC decoding
results and the corresponding
current settings.

Layer A: =

Layer B:

Layer C:

sTATUS

Figure 16. Modulation accuracy measurement with TVICC decoding view
The results in yellow with the title ‘Current’ show the current hierarchical
configuration and transmission parameters, while the results in purple with
the title ‘Next’ show the information for the next hierarchical configuration.
The results in white in the right-most row indicate the current settings
under mode setup, demod.

— AC decoding view (Figure 17): S
This view displays the earthquake s T — .ﬁfiﬁ:{{ﬁﬁ’:““"“mm”" Fude BRRT
alarm information carried in the T— B
AC bits. '

Viewiisplay

STATIIE

uzs i Algnment Comaleted

Figure 17. Modulation accuracy measurement with AC decoding view
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— MER vs. Segment view (Figure 18):

This view displays the MER result
of each segment. The segment
indexes numbered 13 to 32 are
designed for ISDB-Tmm signals,
so when the signal under test is
an ISDB-T signal, the MER results
for these indexes are all displayed

7] "

as “---".

Result metrics view (Figure 19):
This view displays the summary
of all the detailed numeric result
metrics.

ISDB-T - Mod Accuracy
D EEETREE 0 T NALIGN OFF . "
CH Freg: 713.142 857 MHz (CH Num: 53) Radio Std: ISDBT View/Display
G Trig:Free Run
Atten: 10 dB (Elec 0)

TMCC Decoding

MER vs. Segment

Seg# SuperSeg# Layer MER(JB) | Seg# SuperSeg# Layer MER (dB)
00 A 45.14 17 AC Decoding
01 45.25 18

02 4513 19

03 45.35 20

04 4535 21

] 45.07 22

06 4517 23 MER vs.
07 44.96 24 Segment
08 4531 25
09 45.28 26
10 4535 27
1 45.09 28
12 4517 29
13 30
14 31
15 32
16

ISDB-Tmm
Config

Result Metrics

O0O0000000DDDD

Figure 18. Modulation accuracy measurement with MER vs. Segment view

ISDB-T - kod Accuracy
QS =S| < I S S| 5. | [\ ALIGN AUTO/NORF T
Center Freq 713.052857 MHz CH Freq: 713.052 857 MHz (CH Num: -—) Radio Std:1ISDBT View/Display
(&) Trig:Free Run
Atten: 10 dB (Elec 0)

TMCC Decoding
Numeric Results Summary

EVM: 045 283 % pk at carrier 2808
MER: 47.03 3097 pk at carrier 2808
Mag Err: 0.33 % 176 % at carrier 2808
Phase Err: 025 2.36 at carrier 5385 ISDB-Tmm

For ISDB-T/Tsb Layer A Layer B Layer C (]
EVM: 050 % 049 % 048 %

MER: 46.02 dB 4622 dB 4639  dB MER vs.
Segment

AC Decoding

Data Pilot TMCC
048 % 005 % 038 %
4631 dB 6559 dB 48.28 dB Result Metrics

Freq Err: 89999 .98 Hz Tx Power: -19.31 dBm
Quad Error: 0.0145 deg Clock Err: -0.06 Hz
Amptd Imbalance: -0.0062dB

Inband Spectrum Ripple
Amax - Ac:

Amin - Ac:

Figure 19. Modulation accuracy measurement with results metrics view

Helpful tip:

You can check the MER results using all the sub-
carriers, layer A/B/C, data, pilot, TMCC, and AC1 in
the result metrics view.



Available views and traces in
modulation accuracy for ISDB-Tmm
signals:

— 1/Q measured polar graph view
(Figure 20): A view of 1/Q measured
data of the specified sub-carriers

— Result metric (left)

— 1/Q measured polar graph (right)

To make modulation accuracy
measurements on ISDB-Tmm signals

Instructions

Keystrokes

On the X-Series signal analyzer:

Select ISDB-Tmm standard

[Mode Setup] {Radio Std} {ISDB-Tmm}

Select the modulation accuracy
measurement

[Meas] {Mod Accuracy}

If the signal under test is not compliant with
the configuration A defined in the ISDB-Tmm
operation guideline, import the configuration
file "into the instrument.

[Recall] {Data} {ISDB-Tmm Config}
{Open ...}

View the 1/Q measured polar graph results
(Figure 20)

[View/Display] {I/Q Measured Polar Graph}

View the 1/Q error results (Figure 21)

[View/Display] {I/Q Error (Quad View)}

View the channel frequency response results
(Figure 22)

[View/Display] {Channel Frequency
Response}

View the channel impulse response results
(Figure 23)

[View/Display] {Channel Impulse Response}

View the spectral flatness results (Figure 24)

[View/Display] {Spectral Flatness}

View the frame configuration of the current
ISDB-Tmm signal (Figure 25)

[View/Display] {ISDB-Tmm Config}

View the MER vs. Segment results (Figure 26)

[View/Display] {MER vs. Segment}

View the result metrics (Figure 27)

[View/Display] {Result Metrics}

1. The configuration file needs to be created according to the configuration of the Tmm signal
under test. The configuration file of the default settings, named “ISDB-TmmConfig_Demo.csv”
and located in the directory “D:\User_My_Documents\Instrument\My Documents\ISDBT\
data\EVM", can be used as an example.

ISDB-T - Mod Accuracy
i i S i o |

[ | SENSEEXT]  [/MALIGNAUTO/NORE |
Center Freq 214.714286 MHz

CH Freq: 214.714 286 MHz (CH Num: --) Radio Std: [SDBTmm View/Display

¥ Trig: Free Run
" Atten: 10 dB (Elec 0)
Display>
074 %
2274 % pk 1/Q Measured Polar Graph |
at carrier 7128 [ Measuredb
Polar Graph
42586 d8 eEm—
1286 dB pk IQError
at carrier 7128 (Quad View)
053 % T
Channel
2148 % pk Rierere]
at carrier 7128 Response
[
Phase Err:  0.38 deg Channel
11.77 deg pk Impulse>
9P Response
at carrier 7128 [ e |
FreqErr: 0.18 Hz Spectral
Tx Power:  -19.29 dBm Llalness

Figure 20. 1/Q measured polar graph view for ISDB-Tmm signals
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— 1/Q error (Quad View) view ISDB-T - Mod Accuracy

. .. . Q5 5 50 .5 55 1T |AMALIGN AUTO/NGRE
(Figure 21): This is a four-window CH Frea: 214.714 286 MHz (CH Num: ~)

Radio Std: [SDBTmm View/Display

&0 Trig:Free Run
view which includes e — :
) All: 33 Segments Dispilay»
— MER/EVM vs. sub-carrier/ Modulation: QPSK 180AM |
Segment Map I/QMeasured
frequency (top left) Polar Graph
o
— ISDB-Tmm frame structure
. h IIQEr.ror’
(tOp I‘Ig t) (Quad View)
)
— 1/Q Measured Polar Graph 0 Subwarrior T Channel
Frequen
(bottom Ieft) Regpnnsq;
. . All: 33 Segments T
— Results metrics (bottom right) I/Q Measured Polar Graph EVM: 063 % 2282 % ki
MER: 44.01 1283 dB Response
Mag Err: 045 % 1875 % i s
Phase Err: 0.31 11.97 deg Spectral
Flathess
Quad Error: -0.0247 deg
Amptd Imbalance: 0.0010dB

MSG STATUS

Figure 21. 1Q error (Quad View) view for ISDB-Tmm signals

— Channel frequency response view ISDB-T - od Accurscy
. P . QO 5555 e 150 QPP A | M5 T |A\ALIGN AUTO/NORF ool
(Flgure 22) This is a three window GHFTq: 214714 286 W (GHNumi —) — Radlo St ISDBTmm View/Display
i rig:Free Run

™ Atten: 10 dB (Elec 0)

view which includes: Display>

— Amplitude vs. sub-carrier (top)
I/IQMeasured

— Phase vs. sub-carrier (middle) Polar Graph

Subcarrier
I/Q Error

(Quad View)

— Group delay vs. sub-carrier
(bottom)

Channel
Frequency
Response

Channel
Subcarrier 142BE+04 Impulsel>

Response

Group Delay
Y Ref 0nis Spectral

Flatness

_ngl
e ©
sa\

Subcarrier

MSG STATUS |

Figure 22. Channel frequency response view for ISDB-Tmm signals

Helpful tip:

Press 1/Q Error (Quad View) again and then set
the data to display on the screen using the keys in
the menu. You can choose to see the results for a
specified super segment, segment, or layer in a type
A super segment.



— Channel impulse response view
(Figure 23): This two-window view
displays the state of the channel in Faak Tabe _
time domain which the signal has
gone through.

— Peak table (left)

CH Freq 214714 285 MHz (CH Num: —)  Rads Std: SD8Tmm Advanced

W Trig: Frae Run
Aeter: 10 dB {Ele< 6)

© o8 ol m o oA oW b —

— Amplitude vs. time (right)

=

— Spectrum flatness view (Figure 24): Ty — ——
This two-window view shows ATIEEET A
the spectrum ripples in the

transmission bandwidth.

— Amplitude vs. sub-carrier (top)

— Result metrics (bottom)

Subcarrier

R 32

Min at camier 13777

sTATUS

Figure 24. Spectrum flatness view for ISDB-Tmm signals

— ISDB-Tmm Config view (Figure 25): T ey ] _ _
This view shows the configurations ~ FTIEEEKD B e oM CHT L Fade SepaTn
Aetenc 10 dB (Elec 0

of each super segment of the
ISDB-Tmm signal under test.

ent Inform

Helpful tip:

Press ISDB-Tmm Config
again and enter the super
segment index to view
the configuration for a
specified super segment.

sz sTATUS

Figure 25. ISDB-Tmm config view for ISDB-Tmm signals



— MER vs. segment view (Figure 26): ISDE-T -l Accuracy

. . Qg i L i i) B, i | I A )l = 5
This view shows the MER result on Y Ref 2.55 B — CH Freq: 214.714 286 MHz (&Aﬁiﬁfwf NORFRadio Std: ISDBTmm View/Display
M 7 Free Run —_—

Atten: 10 dB (Elec 0)

each segment. TMCC Decoding
MER vs. Segment

Seg# SuperSeg# Layer MER(dB) | Seg# SuperSeg# Layer MER (dB)
00 00 A 4541 17 (] 45.37 AC Decoding
o1 00 4447 18 01 4525
02 00 44.52 19 o1 45.14
03 00 14.59 20 02 45.04
04 00 44.69 21 02 422
05 00 1944 22 02 44.19
06 00 1417 23 02 a2 MER vs.
o7 00 4459 2 02 4420 SEdent
08 00 4144 25 02 4428
09 00 4141 26 02 44,01
10 00 44.36 27 02 4349
" 00 4442 28 02 4111
12 00 4a.51 29 02 43.95
13 o1 4522 30 02 4335
14 o1 4522 31 02 aa.11
15 o1 4535 32 02 44.33
16 01 38.89

ISDB-Tmm
Config

Result Metrics

00D oDwDDDDODODD >

Figure 26. MER vs. Segment view for ISDB-Tmm signals

— Result metrics view (Figure 27): ISOR-T - ol Acpuracy
. . . L C ol ree oo guiach st | — I |2\ ALIGH ALITO/NORF P———
This view displays the summary Y Ref 2.55 dB CH Freq: 214.714 266 MHz (CH Num: ) Radio Std: ISDBTmm  [MERAGIIEICI0)
759 Trig:Free Run [ ———
; ; Atten: 10 dB (Elec 0)
of all the detailed numeric result TMCC Decoding
metrics. Numeric Results Summary ——

EVM: 0.51 % 2330 % pk at carrier 7128
MER: 45.91 12.65 pk at carrier 7128
Mag Err: 0.38 22.73 % pk at carrier 7128
Phase Err: 023 9.09 at carrier 7128 ISDB-Tmm

For ISDB-T/Tsh Layer G Config

AC Decoding

EVM: -
MER: - MER vs.
Segment

Result Metrics

Freq Err: 032 Hz Tx Power: -19.29 dBm
Quad Error: -0.0355 deg Clock Err: -0.27Hz
Amptd Imbalance: 0.0011 dB

Inband Spectrum Ripple
Amax - Ac:

Amin - Ac:

Figure 27. Result metrics view for ISDB-Tmm signals



Demonstration 7:
Occupied bandwidth

The ISDB-T specifications require the
occupied frequency bandwidth of the

ISDB-T signal to be less than 5.7 MHz.

The occupied frequency bandwidth is
defined as the bandwidth containing
99% of the total power.

Demonstration 8:

Monitor spectrum

The monitor spectrum measurement
is used as a quick, convenient means
of looking at the entire spectrum.
While the look and feel is similar

to the spectrum analyzer mode, the
functionality is greatly reduced for
easy operation. The main purpose

of the measurement is to show the
spectrum.

Instructions

Keystrokes

On the X-Series signal analyzer:

Measure the occupied bandwidth (Figure 28)

[Meas] {Occupied BW}

Adjust the parameters

[Meas Setup]

1SDB T - Occupied BY
I | CORREC |

1) T | AC SENSE:INT|
Center Freq 713.142857 MHz

PRI Trig: Free Run

)
#FGain:Low — Atten: 10 dB (Elec 0)

Ref -20 dBm

Center 713.1 MHz

#Res BW 10 kHz #VBW 300 Hz

Occupied Bandwidth Total Power

5.6301 MHz
-23 Hz OBW Power
5.640 MHz x dB

Transmit Freq Error
x dB Bandwidth

MsG

CH Freq: 713.142 857 MHz (CH Num:$3)  Radio Std:ISDBT
AuglHold: 210

EEX)

ALIGNAUTO. |
y Measurements

Channel Power|

Power Stat|
CCDF|

Spectrum
Emission Mask|

PTPTL | ModAccuracy

Sweep 5.202s

-17.17 dBm
Occupied BW|

99.00 %
-26.00 dB

Figure 28. Occupied bandwidth measurement

Instructions

Keystrokes

On the X-Series signal analyzer:

Activate monitor spectrum measurement

[Meas] {Monitor Spectrum }

ISDB-T - Monitor Spectrum

508 | | CORREC | AC | SENSENT|

BEX

ALIGNAUTO. |

L |
Center Freq 713.142857 MHz 1
Input: RF o, Trig:Free Run

G
\FGain:Low — Aften: 10 dB (Elec 0)

CH Freq: 713.142 857 MHz (CH Num: §3)

Radio 5td:ISDBT Measurements

Ref -10 dBm

Center 713.1 MHz
#Res BW 3.9 kHz

#VBW 39 kHz

MG

laWaveform|

Span 10 MHz
Sweep 606.9 ms

STATUS

Figure 29. Monitor spectrum measurement
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Demonstration 9:

IQ waveform

The 1Q waveform measurement is a
generic measurement for viewing the
input signal waveforms in the time
domain. Under this measurement
there is also an 1/Q waveform win-
dow, which shows the | and Q signal
waveforms in parameters of voltage
versus time to disclose the voltages
that comprise the complex modulated
waveform of a digital signal. The
waveform measurement can be used
to perform general-purpose power
measurements to a high degree of
accuracy as well.

Instructions Keystrokes

On the X-Series signal analyzer:

Activate |1Q waveform measurement

(RF envelope default) [Meas] {10 Waveform}

View the 1/Q waveform [View/Display] {I/Q Waveform}

ISDB-T - 10 Waveform (=3

X T [ soe | | CORREC | AC | SENSE:INT[ | ALIGNAUTO |
Center Freq 713.142857 MHz CHFreq: 713.142 857 MHz (CH Num:53)  Radio Std: ISDBET

ViewlDisplay

Input: RF G, Trig:Free Run
IFGain:Low Atten: 10 dB (Elec 0)

Display»|
Ref 10 dBm

RF Envelope
]

I'QWaveform

0.0000's ] 5.0000 ms
IFBVV €.0000 MHz Gaussian 75001 samples @ 66.67 ns

Mean Pwr (Entire Trace) Current Data

-19.82 dBm )
Pk-to-Mean 10.87 dB

ISDB-T - IQ Waveform g@@
0 l_soo | ac_ |
Scale/Div_50.00 mV CHFre:
3 T, Trig: Free Run
IFGain:Low Atten: 10 dB (Elec 0)

" Radio Std: ISDBT Measurements

IaWaveform

6.0000 MHz Gaussian

75001 samples

MG STATUS

Figure 31. Waveform measurement with I/Q waveform view
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Appendix A:

Using amplitude correction in the
spectrum emission mask measurement

The dynamic range of the RF output
of an actual ISDB-T/T, transmitter
typically exceeds the dynamic range
of the analyzer. Therefore, the direct
measurement result is always “FAIL"
and cannot reflect the actual RF
output.

To measure the spectrum mask of
the transmitter’s RF output, there are
two methods.

Method 1: Figure 32 shows a diagram
of the spectrum mask measurement
when the ISDB-T/T, transmitter has
an output filter.

The steps for measuring the spectrum
mask are as follows:

1. Measure the frequency response
of the output filter using a net-
work analyzer or a combination of
signal source and signal analyzer.

2. Measure the signal transmitted at
point A as shown in Figure 32.

3. Apply amplitude correction on the
spectrum value measured in (2)
using the filter's response from (1).

The correction data is typically a table
of the filter's frequency response, in
dB, at a number of frequency points
across the band.

ISDB-T/T, transmitter (UUT)

Power

Exciter

amplifier

Signal
analyzer

Attenuator

Mask
filter

RF output

Figure 32. Diagram for spectrum mask measurement on ISDB-T/T_, transmitter with mask filter

Method 2: If the transmitter does not
have an output filter, an external filter
with a band-block filter frequency
response should be added after the
transmitter for the measurement
arrangement, as shown in Figure 33.

The steps for measuring the spectrum
mask are as follows:

1. Measure the frequency response
of the output filter using a net-
work analyzer or a combination of
signal source and signal analyzer.

2. Measure the signal transmitted
at point B as shown in Figure 33.

3. Apply amplitude correction on the
spectrum value measured in (2)
using the filter's response from (1).

The correction data is typically a
table of the negative values of the
filter's frequency response, in dB, at
a number of frequency points across
the band.

ISDB-T/Tg, transmitter (UUT)

Input Power

- Exciter
signal

amplifier

Signal

RF output External B

filter

Attenuator

analyzer

Figure 33. Diagram for spectrum mask measurement on an ISDB-T/ T, transmitter without

output filter
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Appendix B:

The transmission spectrum mask
defined in ARIB STD B31 (Version 1.7)

The ISDB-T transmission-spectrum
mask defined in ARIB STD B31 is
shown in Figure 34 and the related
breakpoints are listed in Table 1.

Different spectrum masks should
be applied if the following factors
change:

— Whether an adjacent channel is
used for analog TV or not

— Whether the power in the adjacent
channel is more than or equal to
10 times the ISDB-T channel
power or not

To correctly apply the spectrum mask
in N6155A SEM measurement, follow
the actions in Table 2 according to
each use case.

-20

30 — - - When P< 0.025W
- - = *When P=0.25W
= -40
> —— When P>2.5W
=)
o -50
E
s Lol .l R P I
o / \
g p
=4 I3 .
E _______________ I R R (N D
< 70 / \
-80
-90
-15 -12 -9 -6 -3 0 3 6 9 12 15

Difference from the center frequency [MHz]

Figure 34. Transmission-spectrum mask for ISDB-T in ARIB STD B31 (Version 1.7)

Table 1. Breakpoints for the transmission-spectrum mask

Difference from the Attenuation relative to average power P Type of

center frequency (MIHz)  (dB/10 kHz) stipulation
+279 -21.4 Upper limit
+2.86 474 Upper limit
+3.00 -b4.4 Upper limit
+4.36 —17.4/-67.4/-57.4/—(73.4+10logP) Upper limit

Table 2. Actions required for compliance with the spectrum mask in ARIB STD B31 (Version 1.7)

Channel Is adjacent Does the analog Offset D limit Mask under
power P channel used TV have more (+(4.36~15) JEITA to be
for analog TV? than or equal MHz from carrier used

to 10 times the  frequency)
channel power? (dB/10 KHz)

P>25W Yes/No Yes/No 7174 Auto sense
No Yes/No —(73.4+10logP) Auto sense
g:gSWWZ i Yes Yes —(73.4+10logP) Auto sense
Yes No -717.4 50 dB mask
No Yes/No —(73.4+10logP) Auto sense
22050\9; fNP Yes Yes 674 40 dB mask
Yes No 774 50 dB mask
No Yes/No -57.4 Auto sense
0025W =P Yes Yes —67.4 40 dB mask
Yes No -774 50 dB mask
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Web Resources

Product page:
www.Keysight.com/find/n6155a and
www.Keysight.com/find/w6155a

X-Series signal analyzers:
www.Keysight.com/find/X-Series

X-Series advanced measurement applications:
www.Keysight.com/find/X-Series_Apps

Digital video industry web page:
www.Keysight.com/find/digitalvideo

Signal Studio software:
www.Keysight.com/find/SignalStudio

Signal generators:
www.Keysight.com/find/sg

Digital video solution table:
www.Keysight.com/find/digitalvideo_solution
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