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R&S ZVL-K1 Contents of this Manual

Contents of this Manual

The present documentation describes the application of an R&S ZVL for spectrum analysis, using the
software option R&S ZVL-K1, which can be supplemented by various additional spectrum analyzer
options. For a description of the general instrument functionality and the network analyzer mode please
refer to the R&S ZVL quick start guide and to the operating manual on your documentation CD-ROM.
The quick start guide also contains a general overview of the R&S ZVL user documentation.

This manual is available as online help system and as printable (*.pdf) version. The printable version
contains all chapters listed below. The help system contains only chapter 2 and chapter 3.

Chapter 1 Introduction

Provides a short description of the spectrum analyzer mode and the spectrum
analysis options

Chapter 2 Advanced Measurement Examples

Explains how to perform spectrum analysis with the R&S ZVL using typical
measurements as examples

Chapter 3 Instrument Functions

Describes the manual operation providing detailed information on all
functions of the user interface

Chapter 4 Remote Control - Commands

Describes all remote control commands for spectrum analysis
Chapter 5 Remote Control - Programming Examples

Provides programming examples
Chapter 6 Error Messages

Lists error messages

Conventions Used in the Documentation

To visualize important information quickly and to recognize information types faster, a few conventions
have been introduced. The following character formats are used to emphasize words:

Bold All names of graphical user interface elements as dialog boxes, softkeys,
lists, options, buttons etc.

All names of user interface elements on the front and rear panel as keys,
connectors etc.

Courier All remote commands (apart from headings, see below)

Capital letters All key names (front panel or keyboard)

The description of a softkey (Operating Manual and Online Help) always starts with the softkey name,
and is followed by explaining text and one or more remote control commands framed by two lines. Each
remote command is placed in a single line.

The description of remote control commands (Operating Manual and Online Help) always starts with the
command itself, and is followed by explaining text including an example, the characteristics and the
mode (standard or only with certain options) framed by two grey lines. The remote commands consist of
abbreviations to accelerate the procedure. All parts of the command that have to be entered are in
capital letters, the rest is added in small letters to complete the words and transport their meaning.
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Contents of Chapter 1

I 101 Xo [T o o 1.1
Spectrum Analysis (R&S ZVL-K1)......ccociiiiiiiiir s s ssssms s sssans 1.2
TV Trigger (R&S FSL-BB)......ccccciiiieeeeeieeee e s e sme s s s n s sme s me s eme s e e s n e s mesme s 1.3
Gated Sweep (R&S FSL-B8) .......cccciiiiiiiiii i s s s 1.3
AM/FM/pM Measurement Demodulator (R&S FSL-K7) .......cccccoiriimrmnniemninnersiness s ssssensnns 1.3
Bluetooth Measurements (R&S FSL-K8).......ccoiiiiiiiiii i 1.3
Spectrogram Measurements (R&S FSL-K14) ... 1.3
Noise Figure and Gain Measurements (R&S FSL-K30) .........cccooommiiiiiiiiinrrrr s 1.3
WCDMA Measurements (3GPP/FDD BTS) (R&S FSL-K72)......cccciiiiminiminirrncir e ssses e 1.4
WLAN OFDM Analysis (R&S FSL-KO1T).....cccoieieiieiieieecerrce e s s e s ems s e sme s 1.4
WiIMAX OFDM/OFDMA Analysis (R&S FSL-K93) .......ccceomrrmrimrrrrserssesssessseesseesssssssssssssssssssnessneas 1.4

1303.6573.42 I-1.1 E-2






R&S ZVL-K1 Introduction

1 Introduction

The R&S ZVL network analyzer can be upgraded with various hardware and software options, providing
enhanced flexibility and an extended measurement functionality. The available options are listed in the
SETUP — More — System Info — Versions + Options dialog. Options can be enabled by means of a
license key, to be entered in the SETUP menu after an appropriate firmware version has been installed.
The new supported options for each firmware version are listed in the "What's New..." section of the
network analyzer help system.

The R&S ZVL options can be grouped as follows:

e Measurement modes: The option enables a special operating mode. Only one measurement mode
can be active at a given time. The basic instrument modes are Network Analyzer (NWA, no option
required) and Spectrum Analyzer (SAN, with option R&S ZVL-K1). The SAN mode is described in
this operating manual; it provides a number of supplementary measurement modes, e.g. WiMAX
OFDM/OFDMA Analysis mode (with option R&S FSL.K93). The supplementary SAN modes also
require option R&S ZVL-K1.

e Additional measurements: The option extends a particular measurement mode, providing additional
measurement functionality. The analyzer provides additional measurements for the NWA and the
SAN modes.

The relationship between the R&S ZVL options and measurement modes is shown below.

ﬂ
ﬁ

WiIMAX OFDM/OFDMA
Analysis mode

-
: Other and future
Option R&S FSL-K93 '
|

|
|
operating modes |
|
|

NWA option R&S ZVL-K2,
Distance to fault
Other or future NWA options

Spectrogram Measurements

? Y

Spectrum analyzer (SAN) mode
Option R&S ZVL-K1

| SAN option R&S FSL-K14,
— Other or future SAN options

Vector Network Analyzer R&S ZVL

Accessing measurement modes, remote control

All measurement modes are accessed by means of the MODE front panel key. When a new mode is
selected, the appearance of the user interface and the control elements change. At the same time, the
instrument adjusts its remote-control command set to the functionality of the selected operating mode.

While a particular measurement mode is active, the functionality of the other modes is generally not
available. The same applies to the remote-control commands. Basic instrument functions, i.e. the
softkeys associated with the FILE, SETUP, PRINT, and MODE front panel keys and the related
commands, are available in all operating modes.

The present manual describes the SAN modes and options listed below. For a complete list of options,
accessories, and extras refer to the R&S ZVL product brochure.
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Introduction R&S ZVL-K1
Option Option Type Functionality
ZVL-K1, SAN option, Basis spectrum analyzer functions providing the frequency spectrum of
Spectrum measurement the measured RF signal. The option also provides a wide range of pre-
Analysis mode configured power measurements.
FSL-BS, SAN option TV trigger, especially for service in the analog TV field.
TV Trigger
FSK-BS, SAN option Gated sweep, especially for the modulation spectrum of GSM signals
Gated Sweep or bursted WLAN signals.
FSL-K7, SAN option Analog modulation analysis for amplitude, frequency or phase
AM/FM/eM modulated signals.
Measurement
Demodulator
FSL-K8, SAN option Bluetooth transmitter (TX) tests in line with the Bluetooth® RF test
Bluetooth specification, including EDR tests.
Measurements
FSL-K14, SAN option Spectrogram display and trace recording for general spectrum
Spectrogram measurements.
Measurements
FSL-K30, SAN option, Noise figure and noise temperature measurements, especially suited
Noise  Figure measurement for manufacturers of amplifiers.
and Gain mode
Measurements)
FSL-K72, SAN option, Transmitter (TX) tests on 3GPP/FDD downlink signals including
WCDMA measurement HSDPA and HSUPA channels.
Measurements mode
(3GPP/FDD
BTS)
FSL-K91, SAN option, Transmitter (TX) tests on WLAN signals in line with the WLAN
WLAN OFDM measurement standards |IEEE 802.11a/b/g/j.
Analysis mode
FSL-K93, SAN option, Transmitter (TX) tests on WLAN signals in line with standard IEEE
WIMAX measurement 802.16-2004 and IEEE 802.16e-2005 for mobile WiMAX-Signals
OFDM/OFDMA mode including WiBro.
Analysis

The following sections provide a short introduction to the software options.

Spectrum Analysis (R&S ZVL-K1)

The spectrum analysis option provides the basic functionality for measuring an arbitrary RF signal in the
frequency domain. Evaluation tools such as markers and limit lines allow a refined analysis of the

measurement results. A wide range of predefined power measurements cover typical RF measurement

tasks, in particular:

e Zero span power measurements

e Channel and adjacent channel power measurement
e Measurement of occupied bandwidth

e CCDF measurement (amplitude statistics of signals)

Option R&S ZVL-K1 is a prerequisite for all supplementary spectrum analyzer (SAN) options; see table

and figure above.

1303.6573.42 1.2

E-2



R&S ZVL-K1 Introduction

TV Trigger (R&S FSL-B6)

Option R&S FSL-B6 adds a TV trigger to option ZVL-K1, in order to select different sections of a TV
video signal for display and facilitate the analysis. This option is especially suited for all doing any
service in the analog TV field.

Gated Sweep (R&S FSL-B8)

The gated sweep mode removes switching transients from the spectrum. This is advantageous for the
analysis of pulsed-carrier signals, e. g. to investigate the modulation spectrum of GSM signals or WLAN
signals.

AM/FM/oM Measurement Demodulator (R&S FSL-K7)

The AM/FM/oM Measurement Demodulator option R&S FSL-K7 converts the ZVL into an analog
modulation analyzer for amplitude, frequency or phase modulated signals. It measures not only
characteristics of the useful modulation, but also factors such as residual FM or synchronous
modulation.

Bluetooth Measurements (R&S FSL-K8)

Option R&S FSL-K8 provides measurements on Bluetooth transmitters. All measurements are carried
out in line with the Bluetooth® RF test specification Rev. 2.0+DER and cover basic rate as well as
Enhanced Data Rate (EDR) packets.

Spectrogram Measurements (R&S FSL-K14)

Option FSL-K14 adds a spectrogram display and trace recording to the ZVL. The spectrogram view
gives a history of the spectrum and helps to analyze intermittent problems or variations in frequency and
level versus time.

Noise Figure and Gain Measurements (R&S FSL-K30)

Option R&S FSL-K30 adds the capability to measure noise figure and noise temperature. This enables
manufacturers of amplifiers to analyze all necessary characteristics, e.g. noise figure, nonlinear
parameters such as harmonics, intermodulation or ACPR, as well as S-parameters.

In addition to the spectrum analyzer option R&S ZVL-K1, option R&S FSL-K30 also requires option R&S
FSL-B5, Additional Interfaces (providing the noise source control voltage), and an external preamplifier
to specify the measurement uncertainties. DC supply for the external preamplifier can be derived from
the probe power socket; a matching connector can be ordered as spare part (1065.9480.00).

Noise source: E.g. NC 346 types from Noisecom.
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WCDMA Measurements (3GPP/FDD BTS) (R&S FSL-K72)

The R&S FSL-K72 adds transmitter (TX) measurements on 3GPP downlink signals including
HSDPA/HSUPA signals. The measurement types comprise code domain power, signal channel power,
adjacent channel power, and spectrum emission mask.

WLAN OFDM Analysis (R&S FSL-K91)

Option R&S FSL-K91 provides transmitter (TX) tests, especially spectrum and modulation
measurements, on signals in line with the WLAN standards IEEE 802.11a/b/glj.

WiMAX OFDM/OFDMA Analysis (R&S FSL-K93)

Option R&S FSL-K93 provides transmitter (TX) tests, especially spectrum and modulation
measurements on signals in line with IEEE 802.16-2004 and IEEE 802.16e-2005 for mobile WiMAX-
Signals including WiBro.
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2 Advanced Measurement Examples

This chapter explains how to operate the R&S ZVL using typical measurements as examples.
Additional background information on the settings is given. Examples of more basic character are
provided in the Quick Start Guide, chapter 5, as an introduction. The following topics are included in the
Quick Start Guide:

e Measuring a Sinusoidal Signal
— Measuring the Level and Frequency Using Markers
— Measuring the Signal Frequency Using the Frequency Counter
e Measuring Harmonics of Sinusoidal Signals
— Measuring the Suppression of the First and Second Harmonic of an Input Signal
e Measuring Signal Spectra with Multiple Signals
— Separating Signals by Selecting the Resolution Bandwidth
— Measuring the Modulation Depth of an AM—Modulated Carrier (Span > 0)
— Measuring of AM—Modulated Signals
e Measurements with Zero Span
— Measuring the Power Characteristic of Burst Signals
— Measuring the Signal-to—Noise Ratio of Burst Signals
— Measurement of FM-Modulated Signals
e Storing and Loading Instrument Settings
— Storing an Instrument Configuration (without Traces)
— Storing Traces
— Loading an Instrument Configuration (with Traces)

— Configuring Automatic Loading
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Test Setup

All of the following examples are based on the standard settings of the analyzer. These are set with the
PRESET key. A complete listing of the standard settings can be found in chapter "Instrument
Functions", section "Initializing the Configuration — PRESET Key".

In the following examples, a signal generator is used as a signal source. The RF output of the signal
generator is connected to the RF input of R&S ZVL.

If a 65 MHz signal is required for the test setup, as an alternative to the signal generator, the internal 65
MHz reference generator can be used:

1. Switch on the internal reference generator.

— Press the SETUP key.

— Press the Service softkey.

— Press the Input RF/Cal/TG softkey, until Cal is highlighted.

The internal 65 MHz reference generator is now on. The R&S ZVL's RF input is switched off.

2. Switch on the RF input again for normal operation of the analyzer. Two ways are possible:

— Press the PRESET key

— Press the SETUP key.

— Press the Service softkey.

— Press the Input RF/Cal/TG softkey, until RF is highlighted.

The internal signal path of the R&S ZVL is switched back to the RF input in order to resume
normal operation.
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Measurement of Harmonics

Measuring the harmonics of a signal is a frequent problem which can be solved best by means of a
spectrum analyzer. In general, every signal contains harmonics which are larger than others.
Harmonics are particularly critical regarding high—power transmitters such as transceivers because
large harmonics can interfere with other radio services.

Harmonics are generated by nonlinear characteristics. They can often be reduced by lowpass filters.
Since the spectrum analyzer has a nonlinear characteristic, e.g. in its first mixer, measures must be
taken to ensure that harmonics produced in the analyzer do not cause spurious results. If necessary,
the fundamental wave must be selectively attenuated with respect to the other harmonics with a
highpass filter.

When harmonics are being measured, the obtainable dynamic range depends on the second harmonic
intercept of the spectrum analyzer. The second harmonic intercept is the virtual input level at the RF
input mixer at which the level of the 2nd harmonic becomes equal to the level of the fundamental wave.
In practice, however, applying a level of this magnitude would damage the mixer. Nevertheless the
available dynamic range for measuring the harmonic distance of a DUT can be calculated relatively
easily using the second harmonic intercept.

As shown in Fig. 21, the level of the 2" harmonic drops by 20 dB if the level of the fundamental wave
is reduced by 10 dB.

Level display
/ dBm A
50 +

40 1+ // 2nd harmonic
/) intercept point /
30 + 7/ m
s
41 s
1st harmonic Vi /
10 + /
7
0o + / /
/
-10 1 /\

=20

-30 -

-30 =20 -10/0 10 20 30 40 50 RF level
=50 T /dBm
_eo 4

-70 4+

Fig. 2—1 Extrapolation of the 1st and 2nd harmonics to the 2nd harmonic intercept at 40 dBm

The following formula for the obtainable harmonic distortion d, in dB is derived from the straight-line
equations and the given intercept point:

d,=SHI-P, (1)

do = harmonic distortion
P = mixer level/dBm
S.H.L = second harmonic intercept
Note: The mixer level is the RF level applied to the RF input minus the set RF attenuation.
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The formula for the internally generated level P4 at the 2" harmonic in dBm is:
P;=2-P—S.H.l (2)

The lower measurement limit for the harmonic is the noise floor of the spectrum analyzer. The harmonic
of the measured DUT should — if sufficiently averaged by means of a video filter — be at least 4 dB
above the noise floor so that the measurement error due to the input noise is less than 1 dB.

The following rules for measuring high harmonic ratios can be derived:
— Select the smallest possible IF bandwidth for a minimal noise floor.
— Select an RF attenuation which is high enough to just measure the harmonic ratio.
The maximum harmonic distortion is obtained if the level of the harmonic equals the intrinsic noise level
of the receiver. The level applied to the mixer, according to (2), is:
P,,sc | dBm + IP2
P = 5 (3)

At a resolution bandwidth of 10 Hz (noise level =143 dBm, S.H.l. = 40 dBm), the optimum mixer level is
—51.5 dBm. According to (1) a maximum measurable harmonic distortion of 91.5 dB minus a minimum
S/N ratio of 4 dB is obtained.

Note: If the harmonic emerges from noise sufficiently (approx. >15 dB), it is easy to check (by
changing the RF attenuation) whether the harmonics originate from the DUT or are
generated internally by the spectrum analyzer. If a harmonic originates from the DUT, its
level remains constant if the RF attenuation is increased by 10 dB. Only the displayed noise
is increased by 10 dB due fto the additional attenuation. If the harmonic is exclusively
generated by the spectrum analyzer, the level of the harmonic is reduced by 20 dB or is lost
in noise. If both — the DUT and the spectrum analyzer — contribute to the harmonic, the
reduction in the harmonic level is correspondingly smaller.

High—-Sensitivity Harmonics Measurements

If harmonics have very small levels, the resolution bandwidth required to measure them must be
reduced considerably. The sweep time is, therefore, also increased considerably. In this case, the
measurement of individual harmonics is carried out with the spectrum analyzer set to a small span.
Only the frequency range around the harmonics will then be measured with a small resolution
bandwidth.

Signal generator settings (e.g. R&S SMU):
Frequency: 128 MHz

Level: — 25 dBm

Procedure:

1. Set the spectrum analyzer to its default state.
— Press the PRESET key.
The R&S ZVL is set to its default state.

2. Set the center frequency to 128 MHz and the span to 100 kHz.
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Press the CENTER key.

The frequency menu is displayed.

In the dialog box, enter 728 using the numeric keypad and confirm with the MHz key.
Press the SPAN key.

In the dialog box, enter 100 using the numeric keypad and confirm with the kHz key.

The R&S ZVL displays the reference signal with a span of 100 kHz and resolution bandwidth of
3 kHz.

3. Switching on the marker.

Press the MKR key.
The marker is positioned on the trace maximum.

4. Setthe measured signal frequency and the measured level as reference values

Press the Phase Noise/Ref Fixed softkey.

The position of the marker becomes the reference point. The reference point level is indicated
by a horizontal line, the reference point frequency with a vertical line. At the same time, the
delta marker 2 is switched on.

Press the Ref Fixed softkey.

The mode changes from phase noise measurement to reference fixed, the marker readout
changes from dB/Hz to dB.

AL O dB

Ref Point
Luvel

Ref Point
Timu

Peak
Search

Phase
foise
13y 4+ A

SPAN 1000 kHz

Fig. 2-2 Fundamental wave and the frequency and level reference point

5. Make the step size for the center frequency equal to the signal frequency

Press the CENTER key.
The frequency menu is displayed.

Press the CF-Stepsize softkey and press the = Marker softkey in the submenu.
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The step size for the center frequency is now equal to the marker frequency.

6. Set the center frequency to the 2" harmonic of the signal
— Press the CENTER key.
The frequency menu is displayed.
— Press the UPARROW key once.

The center frequency is set to the 2" harmonic.

7. Place the delta marker on the 2™ harmonic.
— Press the MKR-> key.
— Press the Peak softkey.

The delta marker moves to the maximum of the 2" harmonic. The displayed level result is
relative to the reference point level (= fundamental wave level).

Salact
1Pa 4 a

<3
MNext Peak

sak ||
E]

- [N -

ehter
= Mkr Frizg

SPAN 100.0 kHz

Fig. 2-3 Measuring the level difference between the fundamental wave (= reference point
level) and the 2™ harmonic

The other harmonics are measured with steps 5 and 6, the center frequency being incremented or
decremented in steps of 128 MHz using the UPARROW or DNARROW key.
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Measuring the Spectra of Complex Signals

Separating Signals by Selecting an Appropriate Resolution
Bandwidth

A basic feature of a spectrum analyzer is being able to separate the spectral components of a mixture
of signals. The resolution at which the individual components can be separated is determined by the
resolution bandwidth. Selecting a resolution bandwidth that is too large may make it impossible to
distinguish between spectral components, i.e. they are displayed as a single component.

An RF sinusoidal signal is displayed by means of the passband characteristic of the resolution filter
(RBW) that has been set. Its specified bandwidth is the 3 dB bandwidth of the filter.

Two signals with the same amplitude can be resolved if the resolution bandwidth is smaller than or
equal to the frequency spacing of the signal. If the resolution bandwidth is equal to the frequency
spacing, the spectrum display screen shows a level drop of 3 dB precisely in the center of the two
signals. Decreasing the resolution bandwidth makes the level drop larger, which thus makes the
individual signals clearer.

If there are large level differences between signals, the resolution is determined by selectivity as well as
by the resolution bandwidth that has been selected. The measure of selectivity used for spectrum
analyzers is the ratio of the 60 dB bandwidth to the 3 dB bandwidth (= shape factor).

For the R&S ZVL, the shape factor for bandwidths is < 5, i.e. the 60 dB bandwidth of the 30 kHz filter is
<150 kHz.

The higher spectral resolution with smaller bandwidths is won by longer sweep times for the same
span. The sweep time has to allow the resolution filters to settle during a sweep at all signal levels and
frequencies to be displayed. It is given by the following formula.

SWT =k e Span/RBW? (4)

SWT = max. sweep time for correct measurement

k = factor depending on type of resolution filter
= 1 for digital IF filters

Span = frequency display range

RBW = resolution bandwidth

If the resolution bandwidth is reduced by a factor of 3, the sweep time is increased by a factor of 9.

Note: The impact of the video bandwidth on the sweep time is not taken into account in (4). For the
formula to be applied, the video bandwidth must be > 3 x the resolution bandwidth.

FFT filters can be used for resolution bandwidths up to 30 kHz. Like digital filters, they have a shape
factor of less than 5 up to 30 kHz. For FFT filters, however, the sweep time is given by the following
formula:

SWT =k -span/RBW  (5)

If the resolution bandwidth is reduced by a factor of 3, the sweep time is increased by a factor of 3 only.

Intermodulation Measurements

If several signals are applied to a transmission two—port device with nonlinear characteristic,
intermodulation products appear at its output by the sums and differences of the signals. The nonlinear
characteristic produces harmonics of the useful signals which intermodulate at the characteristic. The
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intermodulation products of lower order have a special effect since their level is largest and they are
near the useful signals. The intermodulation product of third order causes the highest interference. It is
the intermodulation product generated from one of the useful signals and the 2nd harmonic of the
second useful signal in case of two—tone modulation.

The frequencies of the intermodulation Products are above and below the useful signals. Fig. 2—4
shows intermodulation products P,; and p? generated by the two useful signals Py, and Pys,.

Level

A
Pu1 Puz
A A
Aos
Ps1 Ps2
A A
Af Af Af
fs1 fu1 fuz fs2 Frequency -
Fig. 24 Intermodulation products Py, and Py,

The intermodulation product at f, is generated by mixing the 2nd harmonic of useful signal Py, and
signal Py, the intermodulation product at f;; by mixing the 2nd harmonic of useful signal Py, and signal
fu=2xf1—F2 (6)
ﬁ'2 =2x fu2 - fu1 (7)
The level of the intermodulation products depends on the level of the useful signals. If the two useful
signals are increased by 1 dB, the level of the intermodulation products increases by 3 dB, which

means that spacing ap; between intermodulation signals and useful signals are reduced by 2 dB. This is
illustrated in Fig. 2-5.
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A
Output
level

Intercept
point

Compression /

Intermodulation
product

Useful signal

/ Input IevVeI

Fig. 2-5 Dependence of intermodulation level on useful signal level

The useful signals at the two—port output increase proportionally with the input level as long as the two—
port is in the linear range. A level change of 1 dB at the input causes a level change of 1 dB at the
output. Beyond a certain input level, the two—port goes into compression and the output level stops
increasing. The intermodulation products of the third order increase three times as much as the useful
signals. The intercept point is the fictitious level where the two lines intersect. It cannot be measured
directly since the useful level is previously limited by the maximum two—port output power.

It can be calculated from the known line slopes and the measured spacing ap; at a given level
according to the following formula.

p3=203 , p
2 (8)

The 3™ order intercept point (TOI), for example, is calculated for an intermodulation of 60 dB and an
input level Py of —20 dBm according to the following formula:

IP3 =%+(—20d8m)=10d8m (9)
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Measurement example — Measuring the R&S ZVL's intrinsic intermodulation

Test setup:
Signal
Generator 1
A
Coupler o
L6 dB] »| R&SFSL
A
Signal

Generator 2

Signal generator settings (e.g. R&S SMU):

Level Frequency
Signal generator 1 —4 dBm 999.7 MHz
Signal generator 2 —4 dBm 1000.3 MHz

Procedure:

1. Set the spectrum analyzer to its default settings.
— Press the PRESET key.
The R&S ZVL is in its default state.

2. Set center frequency to 1 GHz and the frequency span to 3 MHz.
— Press the CENTER key and enter 1 GHz.
— Press the SPAN key and enter 3 MHz.

3. Set the reference level to —10 dBm and RF attenuation to 0 dB.
— Press the AMPT key and enter —10 dBm.
— Press the RF Atten Manual softkey and enter 0 dB.

4. Set the resolution bandwidth to 10 kHz.
— Press the BW key.
— Press the Res BW Manual softkey and enter 10 kHz.

The noise is reduced, the trace is smoothed further and the intermodulation products can be
clearly seen.

— Press the Video BW Manual softkey and enter 1 kHz.

5. Measuring intermodulation by means of the 3" order intercept measurement function
— Press the MEAS key.
— Press the TOI softkey.
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The R&S ZVL activates four markers for measuring the intermodulation distance. Two markers
are positioned on the useful signals and two on the intermodulation products. The 3" order
intercept is calculated from the level difference between the useful signals and the
intermodulation products. It is then displayed on the screen:

Marker 2 =

Functions
AT O B V2| -11.04 dBm OFf
Pef -10,0 dBm £, D0ms 1.000300000 GHe:

Tor

Tmu
Devmamn I3
Power

CF 1.0 GH SPAN 3.0 MHz

Fig. 2-6  Result of intrinsic intermodulation measurement on the R&S ZVL. The 3" order
intercept (TOI) is displayed at the top right corner of the grid.

The level of a spectrum analyzer's intrinsic intermodulation products depends on the RF level of the
useful signals at the input mixer. When the RF attenuation is added, the mixer level is reduced and
the intermodulation distance is increased. With an additional RF attenuation of 10 dB, the levels of

the intermodulation products are reduced by 20 dB. The noise level is, however, increased by 10
dB.

6. Increasing RF attenuation to 10 dB to reduce intermodulation products.
— Press the AMPT key.

— Press the RF Atten Manual softkey and enter 10 dB.

The R&S ZVL's intrinsic intermodulation products disappear below the noise floor.
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Fig. 2—-7 If the RF attenuation is increased, the R&S ZVL's intrinsic intermodulation products
disappear below the noise floor.

Calculation method:
The method used by the R&S ZVL to calculate the intercept point takes the average useful signal level

Py in dBm and calculates the intermodulation d3z in dB as a function of the average value of the levels of
the two intermodulation products. The third order intercept (TOIl) is then calculated as follows:

TOl/dBm = 22 d3 + P,

Intermodulation— free dynamic range

The Intermodulation — free dynamic range, i.e. the level range in which no internal intermodulation
products are generated if two—tone signals are measured, is determined by the 3" order intercept point,
the phase noise and the thermal noise of the spectrum analyzer. At high signal levels, the range is
determined by intermodulation products. At low signal levels, intermodulation products disappear below
the noise floor, i.e. the noise floor and the phase noise of the spectrum analyzer determine the range.
The noise floor and the phase noise depend on the resolution bandwidth that has been selected. At the
smallest resolution bandwidth, the noise floor and phase noise are at a minimum and so the maximum
range is obtained. However, a large increase in sweep time is required for small resolution bandwidths.
It is, therefore, best to select the largest resolution bandwidth possible to obtain the range that is
required. Since phase noise decreases as the carrier—offset increases, its influence decreases with
increasing frequency offset from the useful signals.

The following diagrams illustrate the intermodulation—free dynamic range as a function of the selected
bandwidth and of the level at the input mixer (= signal level — set RF attenuation) at different useful
signal offsets.
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Distortion free Dynamic Range

Dyn range / (1 MHz carrier offset)
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Fig. 2-8 Intermodulation—free range of the R&S ZVL as a function of level at the input mixer and the

set resolution bandwidth (useful signal offset = 1 MHz, DANL = —-145 dBm /Hz, TOI = 15 dBm); typical
values at 2 GHz)

The optimum mixer level, i.e. the level at which the intermodulation distance is at its maximum, depends
on the bandwidth. At a resolution bandwidth of 10 Hz, it is approx. —35 dBm and at 1 kHz increases to
approx. —30 dBm.

Phase noise has a considerable influence on the intermodulation—free range at carrier offsets between
10 and 100 kHz (Fig. 2-9). At greater bandwidths, the influence of the phase noise is greater than it
would be with small bandwidths. The optimum mixer level at the bandwidths under consideration
becomes almost independent of bandwidth and is approx. —40 dBm.
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Distortion free Dynamic Range
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Fig. 2-9 Intermodulation—free dynamic range of the R&S ZVL as a function of level at the input

mixer and of the selected resolution bandwidth (useful signal offset = 10 to 100 kHz, DANL = -145 dBm
/Hz, TOI = 15 dBm); typical values at 2 GHz).

Note: If the intermodulation products of a DUT with a very high dynamic range are to be measured
and the resolution bandwidth to be used is therefore very small, it is best to measure the
levels of the useful signals and those of the intermodulation products separately using a small
span. The measurement time will be reduced- in particular if the offset of the useful signals is
large. To find signals reliably when frequency span is small, it is best to synchronize the signal
sources and the R&S ZVL.
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Measuring Signals in the Vicinity of Noise

The minimum signal level a spectrum analyzer can measure is limited by its intrinsic noise. Small
signals can be swamped by noise and therefore cannot be measured. For signals that are just above
the intrinsic noise, the accuracy of the level measurement is influenced by the intrinsic noise of the
spectrum analyzer.

The displayed noise level of a spectrum analyzer depends on its noise figure, the selected RF
attenuation, the selected reference level, the selected resolution and video bandwidth and the detector.
The effect of the different parameters is explained in the following.

Impact of the RF attenuation setting

The sensitivity of a spectrum analyzer is directly influenced by the selected RF attenuation. The highest
sensitivity is obtained at a RF attenuation of 0 dB. The attenuation can be set in 10 dB steps up to 70
dB. Each additional 10 dB step reduces the sensitivity by 10 dB, i.e. the displayed noise is increased by
10 dB.

Impact of the resolution bandwidth

The sensitivity of a spectrum analyzer also directly depends on the selected bandwidth. The highest
sensitivity is obtained at the smallest bandwidth (for the R&S ZVL: 10 Hz, for FFT filtering: 1 Hz). If the
bandwidth is increased, the reduction in sensitivity is proportional to the change in bandwidth. The R&S
ZVL has bandwidth settings in 1, 3, 10 sequence. Increasing the bandwidth by a factor of 3 increases
the displayed noise by approx. 5 dB (4.77 dB precisely). If the bandwidth is increased by a factor of 10,
the displayed noise increases by a factor of 10, i.e. 10 dB.

Impact of the video bandwidth

The displayed noise of a spectrum analyzer is also influenced by the selected video bandwidth. If the
video bandwidth is considerably smaller than the resolution bandwidth, noise spikes are suppressed,
i.e. the trace becomes much smoother. The level of a sinewave signal is not influenced by the video
bandwidth. A sinewave signal can therefore be freed from noise by using a video bandwidth that is
small compared with the resolution bandwidth, and thus be measured more accurately.

Impact of the detector

Noise is evaluated differently by the different detectors. The noise display is therefore influenced by the
choice of detector. Sinewave signals are weighted in the same way by all detectors, i.e. the level
display for a sinewave RF signal does not depend on the selected detector, provided that the signal-to—
noise ratio is high enough. The measurement accuracy for signals in the vicinity of intrinsic spectrum
analyzer noise is also influenced by the detector which has been selected. For details on the detectors
of the R&S ZVL refer to chapter "Instrument Functions”, section "Detector overview" or the Online Help.
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Measurement example — Measuring level at low S/N ratios

The example shows the different factors influencing the S/N ratio.

Signal generator settings (e.g. R&S SMU):
Frequency: 128 MHz

Level: — 80 dBm

Procedure:

1. Set the spectrum analyzer to its default state.
— Press the PRESET key.
The R&S ZVL is in its default state.

2. Set the center frequency to 128 MHz and the frequency span to 100 MHz.
— Press the CENTER key and enter 128 MHz.
— Press the SPAN key and enter 700 MHz.

3. Set the RF attenuation to 60 dB to attenuate the input signal or to increase the intrinsic noise.
— Press the AMPT key.
— Press the RF Atten Manual softkey and enter 60 dB.

The RF attenuation indicator is marked with an asterisk (*Att 60 dB) to show that it is no longer
coupled to the reference level. The high input attenuation reduces the reference signal which
can no longer be detected in noise.

Detector
Marnual

TR

Swaap
Count
Hold fCont
More
CF 128.0 MHz SPAN 99 5 MHz -

Fig. 2-10 Sinewave signal with low S/N ratio. The signal is measured with the auto peak
detector and is completely hidden in the intrinsic noise of the spectrum analyzer.
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4. To suppress noise spikes the trace can be averaged.

Press the TRACE key.
Press the Trace Mode key.

In the Trace Mode dialog box, mark Average using the rotary knob or the arrow keys and
confirm using the rotary knob or the ENTER key.

The traces of consecutive sweeps are averaged. To perform averaging, the R&S ZVL
automatically switches on the sample detector. The RF signal, therefore, can be more clearly
distinguished from noise.

Detector
Manual
Selact

L Swaep
I Count
Il Hold /ot

SPAN 995 MH:

Fig. 2-11 RF sinewave signal with low S/N ratio if the trace is averaged.

5. Instead of trace averaging, a video filter that is narrower than the resolution bandwidth can be
selected.

Press the Trace Mode key.

In the Trace Mode dialog box, mark Clear Write using the rotary knob or the arrow keys and
confirm using the rotary knob or the ENTER key.

Press the BW key.
Press the Video BW Manual softkey and enter 10 kHz.

The RF signal can be more clearly distinguished from noise.
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Filter

CF 128.0 MHz SPAN 99 5 MH:z

Fig. 2-12 RF sinewave signal with low S/N ratio if a smaller video bandwidth is selected.

6. By reducing the resolution bandwidth by a factor of 10, the noise is reduced by 10 dB.

— Press the Res BW Manual softkey and enter 300 kHz.

The displayed noise is reduced by approx. 10 dB. The signal, therefore, emerges from noise by
about 10 dB. Compared to the previous setting, the video bandwidth has remained the same,
i.e. it has increased relative to the smaller resolution bandwidth. The averaging effect of the

video bandwidth is therefore reduced. The trace will be noisier.

AL O a2

Filter

SPAN 99.5 MH:z

Fig. 2-13 Reference signal at a smaller resolution bandwidth
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Noise Measurements

Noise measurements play an important role in spectrum analysis. Noise e.g. affects the sensitivity of
radio communication systems and their components.

Noise power is specified either as the total power in the transmission channel or as the power referred
to a bandwidth of 1 Hz. The sources of noise are, for example, amplifier noise or noise generated by
oscillators used for the frequency conversion of useful signals in receivers or transmitters. The noise at
the output of an amplifier is determined by its noise figure and gain.

The noise of an oscillator is determined by phase noise near the oscillator frequency and by thermal
noise of the active elements far from the oscillator frequency. Phase noise can mask weak signals near
the oscillator frequency and make them impossible to detect.

Measuring Noise Power Density

To measure noise power referred to a bandwidth of 1 Hz at a certain frequency, the R&S ZVL provides
marker function. This marker function calculates the noise power density from the measured marker
level.

Measurement example — Measuring the intrinsic noise power density of the R&S
ZVL at 1 GHz and calculating the R&S ZVL's noise figure

Test setup:
No signal connected to the RF input; RF input terminated with 50 Q.

Procedure:

1. Set the spectrum analyzer to its default state.
— Press the PRESET key.
The R&S ZVL is in its default state.

2. Set the center frequency to 1.234 GHz and the span to 1 MHz.
— Press the CENTER key and enter 1.234 GHz.
— Press the SPAN key and enter 1 MHz.

3. Switch on the marker and set the marker frequency to 1.234 GHz.

— Press the MKR key and enter 1.234 GHz.

4. Switch on the noise marker function.
— Switch on the Noise Meas softkey.
The R&S ZVL displays the noise power at 1 GHz in dBm (1Hz).

Note: Since noise is random, a sufficiently long measurement time has to be selected to obtain
stable measurement results. This can be achieved by averaging the trace or by selecting a
very small video bandwidth relative to the resolution bandwidth.
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5. The measurement result is stabilized by averaging the trace.
— Press the TRACE key.
— Press the Trace Mode key.

— Inthe Trace Mode dialog box, mark Average using the rotary knob or the arrow keys and
confirm pressing the rotary knob or the ENTER key.

The R&S ZVL performs sliding averaging over 10 traces from consecutive sweeps. The
measurement result becomes more stable.

Conversion to other reference bandwidths

The result of the noise measurement can be referred to other bandwidths by simple conversion. This is
done by adding 10 - log (BW) to the measurement result, BW being the new reference bandwidth.

Example

A noise power of —150 dBm (1 Hz) is to be referred to a bandwidth of 1 kHz.
Prikiz = —150 + 10 * log (1000) = —150 +30 = —120 dBm (1 kHz)

Calculation method for noise power

If the noise marker is switched on, the R&S ZVL automatically activates the sample detector. The video
bandwidth is set to 1/10 of the selected resolution bandwidth (RBW).

To calculate the noise, the R&S ZVL takes an average over 17 adjacent pixels (the pixel on which the
marker is positioned and 8 pixels to the left, 8 pixels to the right of the marker). The measurement result
is stabilized by video filtering and averaging over 17 pixels.

Since both video filtering and averaging over 17 trace points is performed in the log display mode, the
result would be 2.51 dB too low (difference between logarithmic noise average and noise power). The
R&S ZVL, therefore, corrects the noise figure by 2.51 dB.

To standardize the measurement result to a bandwidth of 1 Hz, the result is also corrected by —10 * log
(RBW uise), With RBW ;s being the power bandwidth of the selected resolution filter (RBW).

Detector selection

The noise power density is measured in the default setting with the sample detector and using
averaging. Other detectors that can be used to perform a measurement giving true results are the
average detector or the RMS detector. If the average detector is used, the linear video voltage is
averaged and displayed as a pixel. If the RMS detector is used, the squared video voltage is averaged
and displayed as a pixel. The averaging time depends on the selected sweep time (=SWT/501). An
increase in the sweep time gives a longer averaging time per pixel and thus stabilizes the measurement
result. The R&S ZVL automatically corrects the measurement result of the noise marker display
depending on the selected detector (+1.05 dB for the average detector, 0 dB for the RMS detector). It is
assumed that the video bandwidth is set to at least three times the resolution bandwidth. While the
average or RMS detector is being switched on, the R&S ZVL sets the video bandwidth to a suitable
value.

The Pos Peak, Neg Peak, Auto Peak and Quasi Peak detectors are not suitable for measuring noise
power density.
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Determining the noise figure

The noise figure of amplifiers or of the R&S ZVL alone can be obtained from the noise power display.
Based on the known thermal noise power of a 50 Q resistor at room temperature (—174 dBm (1Hz)) and
the measured noise power P,,;se the noise figure (NF) is obtained as follows:

NF = Pnoise + 174—9,
where g = gain of DUT in dB

Example

The measured internal noise power of the R&S ZVL at an attenuation of 0 dB is found to be —143
dBm/1 Hz. The noise figure of the R&S ZVL is obtained as follows

NF =—-143 + 174 = 31 dB

Note: If noise power is measured at the output of an amplifier, for example, the sum of the
internal noise power and the noise power at the output of the DUT is measured. The noise
power of the DUT can be obtained by subtracting the internal noise power from the total
power (subtraction of linear noise powers). By means of the following diagram, the noise
level of the DUT can be estimated from the level difference between the total and the
internal noise level.

Correction —
factorindB ~ L~
2 ///
-3
/
4 /
5
//
6
/
-7
sl
[
9
/
-10

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Total power/intrinsic noise power in dB

Fig. 2-14  Correction factor for measured noise power as a function of the ratio of total power to the
intrinsic noise power of the spectrum analyzer
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Measurement of Noise Power within a Transmission
Channel

Noise in any bandwidth can be measured with the channel power measurement functions. Thus the
noise power in a communication channel can be determined, for example. If the noise spectrum within
the channel bandwidth is flat, the noise marker from the previous example can be used to determine the
noise power in the channel by considering the channel bandwidth. If, however, phase noise and noise
that normally increases towards the carrier is dominant in the channel to be measured, or if there are

discrete spurious signals in the channel, the channel power measurement method must be used to
obtain correct measurement results.

Measurement example — Measuring the intrinsic noise of the R&S ZVL at 1 GHz in a
1.23 MHz channel bandwidth with the channel power function

Test setup:
The RF input of the R&S ZVL remains open—circuited or is terminated with 50 Q.

Procedure:

1. Set the spectrum analyzer to its default state.
— Press the PRESET key.
The R&S ZVL is in its default state.

2. Set the center frequency to 1 GHz and the span to 1 MHz.
— Press the CENTER key and enter 1 GHz.
— Press the SPAN key and enter 2 MHz.

3. To obtain maximum sensitivity, set RF attenuation on the R&S ZVL to 0 dB.
— Press the AMPT key.
— Press the RF Atten Manual softkey and enter 0 dB.

4. Switch on and configure the channel power measurement.
— Press the MEAS key.
— Press the CP, ACP, MC-ACP softkey.

The R&S ZVL activates the channel or adjacent channel power measurement according to the
currently set configuration.

— Press the CP/ACP Config softkey.
The submenu for configuring the channel is displayed.
— Press the Channel Settings softkey.
The submenu for channel settings is displayed.
— Press the Channel Bandwidth softkey and enter 1.23 MHz.

The R&S ZVL displays the 1.23 MHz channel as two vertical lines which are symmetrical to the
center frequency.

1303.6573.42 2.22 E-2



R&S ZVL-K1 Noise Measurements

— Press the Adjust Settings softkey.

The settings for the frequency span, the bandwidth (RBW and VBW) and the detector are
automatically set to the optimum values required for the measurement.

CP / ACP
Standard

-40 dBm

-50 dBm

-60 dBm
Fast ACP

70 dBm
On Off
|

-B80 dBm

-90 I‘JEI’H

TSR .
Vil i il

CF 1.0 GHz Span 2.5 MHz
Tx Channel

Ref L |

Fig. 2-15 Measurement of the R&S ZVL's intrinsic noise power in a 1.23 MHz channel
bandwidth.

Adjust

5. Stabilizing the measurement result by increasing the sweep time

— Press the A key twice.
The main menu for channel and adjacent channel power measurement is displayed.

— Press the Sweep Time softkey and enter 7 s.

The trace becomes much smoother because of the RMS detector and the channel power
measurement display is much more stable.

Method of calculating the channel power

When measuring the channel power, the R&S ZVL integrates the linear power which corresponds to the
levels of the pixels within the selected channel. The analyzer uses a resolution bandwidth which is far
smaller than the channel bandwidth. When sweeping over the channel, the channel filter is formed by
the passband characteristics of the resolution bandwidth (see Fig. 2—-16).
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-3dB

Resolution filter

Channel bandwith ——

Fig. 2-16  Approximating the channel filter by sweeping with a small resolution bandwidth

The following steps are performed:

e The linear power of all the trace pixels within the channel is calculated.
Pi= 10(1"/ 10)

where Pj = power of the trace pixel i
L; = displayed level of trace point i

e The powers of all trace pixels within the channel are summed up and the sum is divided by the
number of trace pixels in the channel.

e The result is multiplied by the quotient of the selected channel bandwidth and the noise bandwidth
of the resolution filter (RBW).

Since the power calculation is performed by integrating the trace within the channel bandwidth, this
method is also called the IBW method (Integration Bandwidth method).

Parameter settings

For selection of the sweep time, see next section. For details on the parameter settings refer to chapter
"Instrument Functions", section "Settings of the CP / ACP test parameters" or the Online Help.

Sweep time selection

The number of A/D converter values, N, used to calculate the power, is defined by the sweep time. The
time per trace pixel for power measurements is directly proportional to the selected sweep time.

If the sample detector is used, it is best to select the smallest sweep time possible for a given span and
resolution bandwidth. The minimum time is obtained if the setting is coupled. This means that the time
per measurement is minimal. Extending the measurement time does not have any advantages as the
number of samples for calculating the power is defined by the number of trace pixels in the channel.

If the RMS detector is used, the repeatability of the measurement results can be influenced by the
selection of sweep times. Repeatability is increased at longer sweep times.
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Repeatability can be estimated from the following diagram:

max. error/dB

0 T T T
[T //:———"
——=— 95 % Confidence e
o level H
05—
,,,,,, ,,,,,,,,,,,,,,,,,,;/,,z,,,,,,,,,,,,,,,,,,, BREII I e
/| /
/.
1 7
/ 99 % Confidence
level
1.5
/
/
2
/1 1/
/
/ /
25 i
|
[
3
10 100 1000 10000 100000

Number of samples

Fig. 2-17  Repeatability of channel power measurements as a function of the number of samples
used for power calculation

The curves in Fig. 2—-17 indicate the repeatability obtained with a probability of 95% and 99% depending
on the number of samples used.

The repeatability with 600 samples is + 0.5 dB. This means that — if the sample detector and a channel
bandwidth over the whole diagram (channel bandwidth = span) is used — the measured value lies within
+ 0.5 dB of the true value with a confidence level of 99%.

If the RMS detector is used, the number of samples can be estimated as follows:

Since only uncorrelated samples contribute to the RMS value, the number of samples can be calculated
from the sweep time and the resolution bandwidth.

Samples can be assumed to be uncorrelated if sampling is performed at intervals of 1/RBW. The
number of uncorrelated samples is calculated as follows:

Nyecorr = SWT - RBW (Ngecorr means uncorrelated samples)

The number of uncorrelated samples per trace pixel is obtained by dividing Ngecorr by 501 (= pixels per
trace).

Example

At a resolution bandwidth of 30 kHz and a sweep time of 100 ms, 3000 uncorrelated samples are
obtained. If the channel bandwidth is equal to the frequency display range, i.e. all trace pixels are used
for the channel power measurement, a repeatability of 0.2 dB with a probability of 99% is the estimate
that can be derived from Fig. 2—17.
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Measuring Phase Noise

The R&S ZVL has an easy-to—use marker function for phase noise measurements. This marker
function indicates the phase noise of an RF oscillator at any carrier in dBc in a bandwidth of 1 Hz.

Measurement example — Measuring the phase noise of a signal generator at a
carrier offset of 10 kHz

Test setup:

Signal

generator > R&SFSL

Signal generator settings (e.g. R&S SMU):
Frequency: 100 MHz

Level: 0 dBm

Procedure:

1. Set the spectrum analyzer to its default state.
— Press the PRESET key.
R&S ZVL is in its default state.

2. Set the center frequency to 100 MHz and the span to 50 kHz.
— Press the CENTER key and enter 100 MHz.
— Press the SPAN key and enter 50 kHz.

3. Setthe R&S ZVL's reference level to 0 dBm (=signal generator level).
— Press the AMPT key and enter 0 dBm.

4. Enable phase noise measurement.
— Press the MKR key.
— Press the Phase Noise/Ref Fixed softkey.

The R&S ZVL activates phase noise measurement. Marker 1 (=main marker) and marker 2 (=
delta marker) are positioned on the signal maximum. The position of the marker is the
reference (level and frequency) for the phase noise measurement. A horizontal line represents
the level of the reference point and a vertical line the frequency of the reference point. The
dialog box for the delta marker is displayed so that the frequency offset at which the phase
noise is to be measured can be entered directly.

5. Set the frequency offset to 10 kHz for determining phase noise.

— Enter 10 kHz.
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The R&S ZVL displays the phase noise at a frequency offset of 10 kHz. The magnitude of the
phase noise in dBc/Hz is displayed in the delta marker output field at the top right of the screen
(Phn2).
6. Stabilize the measurement result by activating trace averaging.
— Press the TRACE key.
— Press the Trace Mode key.

— Inthe Trace Mode dialog box, mark Average using the rotary knob or the arrow keys and
confirm using the rotary knob or the ENTER key.

Traci

AU 20 R BN 3 ks 65,17 dBe/Hz |1 B
Fef 10.0 dBm ! 3 10, 100000000 kHz

Detector

Manual
Balect

CF 128.0 MH#

Fig. 2-18 Measuring phase noise with the phase—noise marker function

The frequency offset can be varied by moving the marker with the rotary knob or by entering a
new frequency offset as a number.
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Measurements on Modulated Signals

For measurements on AM and FM signals refer to the Quick Start Guide, chapter 5, "Basic
Measurements Examples".

Measuring Channel Power and Adjacent Channel Power

Measuring channel power and adjacent channel power is one of the most important tasks in the field of
digital transmission for a spectrum analyzer with the necessary test routines. While, theoretically,
channel power could be measured at highest accuracy with a power meter, its low selectivity means
that it is not suitable for measuring adjacent channel power as an absolute value or relative to the
transmit channel power. The power in the adjacent channels can only be measured with a selective
power meter.

A spectrum analyzer cannot be classified as a true power meter, because it displays the IF envelope
voltage. However, it is calibrated such as to correctly display the power of a pure sinewave signal
irrespective of the selected detector. This calibration cannot be applied for non—sinusoidal signals.
Assuming that the digitally modulated signal has a Gaussian amplitude distribution, the signal power
within the selected resolution bandwidth can be obtained using correction factors. These correction
factors are normally used by the spectrum analyzer's internal power measurement routines in order to
determine the signal power from IF envelope measurements. These factors apply if and only if the
assumption of a Gaussian amplitude distribution is correct.

Apart from this common method, the R&S ZVL also has a true power detector, i.e. an RMS detector. It
correctly displays the power of the test signal within the selected resolution bandwidth irrespective of
the amplitude distribution, without additional correction factors being required. The absolute
measurement uncertainty of the ZVL is < 1.5 dB and a relative measurement uncertainty of < 0.5 dB
(each with a confidence level of 95%).

There are two possible methods for measuring channel and adjacent channel power with a spectrum
analyzer:

e IBW method (Integration Bandwidth Method)
The spectrum analyzer measures with a resolution bandwidth that is less than the channel
bandwidth and integrates the level values of the trace versus the channel bandwidth. This method
is described in section "Method of calculating the channel power".

e Using a channel filter
For a detailed description, refer to the following section.

Measurement using a channel filter

In this case, the spectrum analyzer makes zero span measurements using an IF filter that corresponds
to the channel bandwidth. The power is measured at the output of the IF filter. Until now, this method
has not been used for spectrum analyzers, because channel filters were not available and the
resolution bandwidths, optimized for the sweep, did not have a sufficient selectivity. The method was
reserved for special receivers optimized for a particular transmission method. It is available in R&S
FSQ, FSU, FSP, FSL and ZVL series.

The R&S ZVL has test routines for simple channel and adjacent channel power measurements. These
routines give quick results without any complex or tedious setting procedures.
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Measurement example 1 — ACPR measurement on an CDMA 2000 signal

Test setup:

Signal
generator

P R&S FSL

Signal generator settings (e.g. R&S SMU):
Frequency: 850 MHz

Level:

0 dBm

Modulation: CDMA 2000

Procedure:

1. Set the spectrum analyzer to its default state.

Press the PRESET key.

The R&S ZVL is in its default state.

2. Set the center frequency to 850 MHz and span to 4 MHz.

Press the CENTER key and enter 850 MHz.
Press the SPAN key and enter 4 MHz.

3. Set the reference level to +10 dBm.

Press the AMPT key and enter 10 dBm.

4. Configuring the adjacent channel power for the CDMA 2000 MCA1.

Press the MEAS key.
Press the CP, ACP, MC-ACP softkey.
Press the CP / ACP Standard softkey.

In the standards list, mark CDMA 2000 MC1 using the rotary knob or the arrow keys and
confirm pressing the rotary knob or the ENTER key.

The R&S ZVL sets the channel configuration according to the 2000 MC1 standard for mobile
stations with 2 adjacent channels above and below the transmit channel. The spectrum is
displayed in the upper part of the screen, the numeric values of the results and the channel
configuration in the lower part of the screen. The various channels are represented by vertical
lines on the graph.

The frequency span, resolution bandwidth, video bandwidth and detector are selected
automatically to give correct results. To obtain stable results — especially in the adjacent
channels (30 kHz bandwidth) which are narrow in comparison with the transmission channel
bandwidth (1.23 MHz) — the RMS detector is used.

5. Set the optimal reference level and RF attenuation for the applied signal level.

Press the Adjust Ref Level softkey.
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The R&S ZVL sets the optimal RF attenuation and the reference level based on the
transmission channel power to obtain the maximum dynamic range. Fig. 2—19 shows the result
of the measurement.

Continuous

Sweep

Continue
Single
Sweep

Sweeptime

Manual

Span 4.19 MHz [EhEE R
Tx Channel Auto

Power ~0.75 dBm

Adjacent Channel

Lower -62.42 db
Upper 62.11 dB

Alternate Channel

Sweep
Bandwidth 30.000 kHz | Lower -74.95 dB Pointe
Upper -75.93 dB

Fig. 2-19 Adjacent channel power measurement on a CDMA 2000 MC1 signal

The repeatability of the results, especially in the narrow adjacent channels, strongly depends on
the measurement time since the dwell time within the 30 kHz channels is only a fraction of the
complete sweep time. A longer sweep time may increase the probability that the measured
value converges to the true value of the adjacent channel power, but this increases
measurement time.

To avoid long measurement times, the R&S ZVL measures the adjacent channel power with
zero span (fast ACP mode). In the fast ACP mode, the R&S ZVL measures the power of each
channel at the defined channel bandwidth, while being tuned to the center frequency of the
channel in question. The digital implementation of the resolution bandwidths makes it possible
to select filter characteristics that is precisely tailored to the signal. In case of CDMA 2000 MC1,
the power in the useful channel is measured with a bandwidth of 1.23 MHz and that of the
adjacent channels with a bandwidth of 30 kHz. Therefore the R&S ZVL changes from one
channel to the other and measures the power at a bandwidth of 1.23 MHz or 30 kHz using the
RMS detector. The measurement time per channel is set with the sweep time. It is equal to the
selected measurement time divided by the selected number of channels. The five channels
from the above example and the sweep time of 100 ms give a measurement time per channel
of 20 ms.

Compared to the measurement time per channel given by the span (= 5 MHz) and sweep time
(= 100 ms, equal to 0.600 ms per 30 kHz channel) used in the example, this is a far longer
dwell time on the adjacent channels (factor of 12). In terms of the number of uncorrelated
samples this means 20000/33 ps = 606 samples per channel measurement compared to
600/33us = 12.5 samples per channel measurement.
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Repeatability with a confidence level of 95% is increased from + 1.4 dB to + 0.38 dB as shown
in Fig. 2—17. For the same repeatability, the sweep time would have to be set to 1.2 s with the
integration method. Fig. 2—20 shows the standard deviation of the results as a function of the

sweep time.
ACPR Repeatability 1IS95
IBW Method
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Fig. 2-20 Repeatability of adjacent channel power measurement on CDMA 2000 standard
signals if the integration bandwidth method is used

6. Switch to fast ACP mode to increase the repeatability of results.
— Switch the Fast ACP softkey to On.

The R&S ZVL measures the power of each channel with zero span. The trace represents
power as a function of time for each channel (see Fig. 2—23). The numerical results over
consecutive measurements become much more stable.

CP f ACP
Standard

CP f ACP
Config

A

-99 dBm

CF 850.0 MHz 23.5 ms/
Tx Channel

Power ~0.76 dBm

Adjacent Channel

Lower -62.57 db
Upper -62.37 dB

Alternate Channel

Adjust
Bandwidth 30.000 kHz | Lower -75.74 dB R ﬂ]_us |
Upper -75.76 dB |

Fig. 2-21 Measuring the channel power and adjacent channel power ratio for 2000 MC1
signals with zero span (Fast ACP)
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Fig. 2—22 shows the repeatability of power measurements in the transmit channel and of
relative power measurements in the adjacent channels as a function of sweep time. The
standard deviation of measurement results is calculated from 100 consecutive measurements
as shown in Fig. 2—22. Take scaling into account if comparing power values.
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Fig. 2-22 Repeatability of adjacent channel power measurements on CDMA 2000 signals in
the fast ACP mode

Note on adjacent channel power measurements on 2000 MC1 base-station signals:

When measuring the adjacent channel power of 2000 MC1 base—station signals, the frequency spacing
of the adjacent channel to the nominal transmit channel is specified as +750 kHz. The adjacent
channels are, therefore, so close to the transmit channel that the power of the transmit signal leaks
across and is also measured in the adjacent channel if the usual method using the 30 kHz resolution
bandwidth is applied. The reason is the low selectivity of the 30 kHz resolution filter. The resolution
bandwidth, therefore, must be reduced considerably, e.g. to 3 kHz to avoid this. This causes very long
measurement times (factor of 100 between a 30 kHz and 3 kHz resolution bandwidth).

This effect is avoided with the zero span method which uses steep IF filters. The 30 kHz channel filter
implemented in the R&S ZVL has a very high selectivity so that even with a + 750 kHz spacing to the
transmit channel the power of the useful modulation spectrum is not measured.

The following figure shows the passband characteristics of the 30 kHz channel filter in the R&S ZVL.

Fig. 2-23  Frequency response of the 30 kHz channel filter for measuring the power in the 2000 MC1
adjacent channel
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Measurement example 2 — Measuring adjacent channel power of a W-CDMA uplink

signal

Test setup:

Signal
generator

»| R&S FSL

Signal generator settings (e.g. R&S SMU):
Frequency: 1950 MHz

Level:

4 dBm

Modulation: 3 GPP W-CDMA Reverse Link

Procedure:

1.

Set the spectrum analyzer to its default state.

Press the PRESET key.

The R&S ZVL is in its default state.

Set the center frequency to 1950 MHz.

Press the CENTER key and enter 1950 MHz.

Switch on the ACP measurement for W—-CDMA.

Press the MEAS key.
Press the CP, ACP, MC-ACP softkey.
Press the CP / ACP Standard softkey.

In the standards list, mark W—CDMA 3GPP REV using the rotary knob or the arrow keys and
confirm pressing the rotary knob or the ENTER key.

The R&S ZVL sets the channel configuration to the 3GPP W-CDMA standard for mobiles with
two adjacent channels above and below the transmit channel. The frequency span, the
resolution and video bandwidth and the detector are automatically set to the correct values. The
spectrum is displayed in the upper part of the screen and the channel power, the level ratios of
the adjacent channel powers and the channel configuration in the lower part of the screen. The
individual channels are displayed as vertical lines on the graph.

Set the optimum reference level and the RF attenuation for the applied signal level.

Press the Adjust Ref Level softkey.

The R&S ZVL sets the optimum RF attenuation and the reference level for the power in the
transmission channel to obtain the maximum dynamic range. The following figure shows the
result of the measurement.
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Fig. 2-24 Measuring the relative adjacent channel power on a W—CDMA uplink signal

5. Measuring adjacent channel power with the fast ACP mode.
— Set Fast ACP softkey to On.
— Press the Adjust Ref Level softkey.

The R&S ZVL measures the power of the individual channels with zero span. A root raised
cosine filter with the parameters o = 0.22 and chip rate 3.84 Mcps (= receive filter for 3GPP W-
CDMA) is used as channel filter.
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CP / ACP
Standard
CP / ACP
Config l
Sweep
Time

Fast ACP

|_on_ I

ACP

abs N

Alternate Channel

Fig. 2-25 Measuring the adjacent channel power of a W—CDMA signal with the fast ACP
mode

Note: With W-CDMA, the R&S ZVL's dynamic range for adjacent channel measurements is
limited by the 12—bit A/D converter. The greatest dynamic range is, therefore, obtained with
the IBW method.

Optimum Level Setting for ACP Measurements on W-CDMA Signals

The dynamic range for ACPR measurements is limited by the thermal noise floor, the phase noise and
the intermodulation (spectral regrowth) of the spectrum analyzer. The power values produced by the
R&S ZVL due to these factors accumulate linearly. They depend on the applied level at the input mixer.
The three factors are shown in the figure below for the adjacent channel (5 MHz carrier offset).
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Fig. 2-26  The R&S ZVL's dynamic range for adjacent channel power measurements on W-CDMA
uplink signals is a function of the mixer level.

The level of the W—CDMA signal at the input mixer is shown on the horizontal axis, i.e. the measured
signal level minus the selected RF attenuation. The individual components which contribute to the
power in the adjacent channel and the resulting relative level (total ACPR) in the adjacent channel are
displayed on the vertical axis. The optimum mixer level is —21 dBm. The relative adjacent channel
power (ACPR) at an optimum mixer level is —65 dBc. Since, at a given signal level, the mixer level is set
in 10 dB steps with the 10 dB RF attenuator, the optimum 10 dB range is shown in the figure: it spreads
from —16 dBm to —26 dBm. In this range, the obtainable dynamic range is 62 dB.

To set the attenuation parameter manually, the following method is recommended:

e Set the RF attenuation so that the mixer level (= measured channel power — RF attenuation) is
between —11 dBm and —21 dBm.

e Set the reference level to the largest possible value where no overload (IFOVL) is indicated.
This method is automated with the Adjust Ref Level function. Especially in remote control mode, e.g.

in production environments, it is best to correctly set the attenuation parameters prior to the
measurement, as the time required for automatic setting can be saved.

Note: To measure the R&S ZVL's intrinsic dynamic range for W—-CDMA adjacent channel power
measurements, a filter which suppresses the adjacent channel power is required at the
output of the transmitter. A SAW filter with a bandwidth of 4 MHz, for example, can be used.
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Amplitude Distribution Measurements

If modulation types are used that do not have a constant zero span envelope, the transmitter has to
handle peak amplitudes that are greater than the average power. This includes all modulation types that
involve amplitude modulation —QPSK for example. CDMA transmission modes in particular may have
power peaks that are large compared to the average power.

For signals of this kind, the transmitter must provide large reserves for the peak power to prevent signal
compression and thus an increase of the bit error rate at the receiver.

The peak power or the crest factor of a signal is therefore an important transmitter design criterion. The
crest factor is defined as the peak power / mean power ratio or, logarithmically, as the peak level minus
the average level of the signal.

To reduce power consumption and cut costs, transmitters are not designed for the largest power that
could ever occur, but for a power that has a specified probability of being exceeded (e.g. 0.01%).

To measure the amplitude distribution, the R&S ZVL has simple measurement functions to determine
both the APD = Amplitude Probability Distribution and CCDF = Complementary Cumulative Distribution
Function.

In the APD display mode, the probability of occurrence of a certain level is plotted against the level.

In the CCDF display mode, the probability that the mean signal power will be exceeded is shown in
percent.

Measurement example — Measuring the APD and CCDF of white noise generated by
the R&S ZVL

1. Set the spectrum analyzer to its default state.
— Press the PRESET key.
The R&S ZVL is in its default state.

2. Configure the R&S ZVL for APD measurement
— Press the AMPT key and enter —60 dBm.
The R&S ZVL's intrinsic noise is displayed at the top of the screen.
— Press the MEAS key.
— Press the More softkey.
— Press the APD softkey.

The R&S ZVL sets the frequency span to 0 Hz and measures the amplitude probability
distribution (APD). The number of uncorrelated level measurements used for the measurement
is 100000. The mean power and the peak power are displayed in dBm. The crest factor (peak
power — mean power) is output as well.
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Fig. 2-27 Amplitude probability distribution of white noise

3. Switch to the CCDF display mode.
— Press the A key.
— Press the CCDF softkey.
The CCDF display mode is switched on.
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Fig. 2-28 CCDF of white noise

The CCDF trace indicates the probability that a level will exceed the mean power. The level
above the mean power is plotted along the x—axis of the graph. The origin of the axis
corresponds to the mean power level. The probability that a level will be exceeded is plotted
along the y—axis.

4. Bandwidth selection

When the amplitude distribution is measured, the resolution bandwidth must be set so that the
complete spectrum of the signal to be measured falls within the bandwidth. This is the only way of
ensuring that all the amplitudes will pass through the IF filter without being distorted. If the
resolution bandwidth which is selected is too small for a digitally modulated signal, the amplitude
distribution at the output of the IF filter becomes a Gaussian distribution according to the central
limit theorem and so corresponds to a white noise signal. The true amplitude distribution of the
signal therefore cannot be determined.

5. Selecting the number of samples

For statistics measurements with the R&S ZVL, the number of samples Nsamples is entered for
statistical evaluation instead of the sweep time. Since only statistically independent samples
contribute to statistics, the measurement or sweep time is calculated automatically and displayed.
The samples are statistically independent if the time difference is at least 1/RBW. The sweep time
SWT is, therefore, expressed as follows:

SWT = NSamp[es /RBW

1303.6573.42 2.39 E-2



Bluetooth Measurements (Option K8) R&S ZVL-K1

Bluetooth Measurements (Option K8)

This section gives background information on Bluetooth Measurements (option K8).

For further information on measurement examples refer also to the Quick Start Guide, chapter 5 "Basic
Measurement Examples".

Bluetooth Overview

This section provides general information on Bluetooth measurements:

Bluetooth technical parameters

Table 2-1 Common Parameters

frequency bands 2402 + (0...78) MHz
channel spacing 1 MHz

symbol rate 1 Msym/s

slot length 625 psec
(frequency hopping)

packet sizes 1, 3, 5 slot packets

Table 2—2 Modulation Parameters Basic Rate

modulation GFSK
TX filter Gaussian
BT/ 0.5
modulation index 0.28 — 0.35 nominal 0.32
frequency deviation 160 kHz settled
141 kHz 010101 suite

bandwidth

-3dB 220 kHz

-20dB 1 MHz
bit rate 1 Mbps

Table 2—3 Modulation Parameters Enhanced Data Rate

modulation m/4-DQPSK 8DPSK
TX filter RRC RRC
roll—off factor 0.4 0.4
bandwidth —3dB + 500kHz + 500kHz
bit rate 2 Mbps 3 Mbps
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Power classes

Power Class Maximum (Pax) Nominal Minimum (Ppin) Power Control

1 100 mW (20 dBm) 1 mW (0 dBm) from Ppin (< +4 dBm) to
Pmax

2 2.5 mW (4dBm) 1 mW (0 dBm) 0.25 mW (-6dBm) optional

3 1 mW (0dBm) optional

Structure of a Bluetooth data packet

Every Bluetooth data packet is divided into 3 basic section: access code, header and payload. The
following figures show the order and bit lengths of the individual sections:

access code 72 bits

4 bits 64 bits 4 bits 54 bits 240/ 1496 / 2744 bits

preamble sync word trailer header payload®)

*) During EUT evaluation the payload contains certain bit sequences: PRBS9 (Pseudo Random Bit
Sequence) or 11110000 or 10101010.

The sync word is transmitted as the major part of the access code. For this purpose, the LAP (lower
address part) of the BD address is expanded to 64 bit by adding the BCH code and baker.

sync word 64 bits

BCH code 34 bits LAP 24 bits Barker 6 bits

The LAP (lower address part) of the BD address serves as a basis for the sync word.

BD — address 48 bits

NAP 16 bits UAP 8 bits LAP 24 bits

In case of EDR packets the payload is divided into 6 other sections:

DPSK
guard SYNC payload user payload CRC trailer
5us header 0-2723Symb code

Supported Tests

The Bluetooth Measurements Option supports measurements according to the Bluetooth RF Test
Specification (Bluetooth SIG) , Revision 2.0.E.3, Mar 2005, on the R&S ZVL spectrum analyzer. The
following tests are currently implemented according to this specification:

= Output Power

= TX Output Spectrum — Adjacent Channel Power
= Modulation Characteristics

= Initial Carrier Frequency Tolerance (ICFT)

= Carrier Frequency Drrift
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= EDR Relative Transmit Power
= EDR Carrier Frequency Stability and Modulation Accuracy
= EDR Differential Phase Encoding
= EDR In—band Spurious Emissions
Overview of Transmitter Tests
Table 2—-4 Basic Rate Measurements
Output Power TX Output Modulation Initial Carrier Carrier
Spectrum — Characteristics Frequency Frequency
Adjacent Tolerance Drift
Channel Power
Hop on off off on / off on / off
Trigger extern - - _ _
Synchronization | Yes (p0), butalso | no yes (p0) yes (p0) yes (p0)
possible without
Packet Type longest supported | DH1 longest supported | DH1 all supported
packets
(DH1/3/5)
Payload PRBS 9 PRBS 9 11110000 PRBS 9 10101010
10101010
Test Mode loop back loop back loop back loop back loop back
Operating Mode 1Q mode analyzer zero IQ mode IQ mode 1Q mode
span
RBW 3 MHz 100 kHz - - -
VBW 3 MHz 300 kHz - - -
Power supported supported supported supported not specified
maximum maximum maximum maximum
Sweep Time one complete 79s per sweep one complete - one complete
packet (=100ms * 10 * packet packet
79)
Sweep Count - 10 10 (extern) 10 10
Trace Mode Maxh Maxh - - -
Detector Peak Aver — — _
Frequency in low / each channel low / low / low /
MHz middle / middle / middle / middle /
high high high high
Span - - - — _
Test cond norm / ext norm / ext norm / ext norm / ext norm / ext
Results peak and average | channel power of | all 8 bit peak carrier offset carrier offsets
power all channels deviations and within the 4 of the 4 bit
ble bits preamble, of all
1) Pay <100 mW | 1) Prx(f) < — 20 average pream mble,
(20 dBm) dBm for [M—N| = deviations 10 bit paylc?ad
2P <20 | 2
%SPdB"l)pAV ﬁéﬁﬁé? j,f,:’ |O - rate of all 10 bit
max = =
>Pmin at maximum | 3 Fs):gll?:r?ces at
it
powers e?:,AV <1 50 ps offset
mW (0 dBm)
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Bluetooth Measurements (Option K8)

Table 2-5 Enhanced Data Rate Measurements

EDR Relative TX EDR Carrier EDR Differential EDR In-band
Power Frequency Phase Encoding Spurious
Stability and Emissions
Modulation
Accuracy
Hop off off off off
Trigger - - - extern/
IF power
Synchronization | yes yes yes yes, needed for
gate adjustment
Packet Type longest supported longest longest supported longest supported
supported
Payload PRBS 9 PRBS9 PRBS9 PRBS9
Test Mode loop back loop back TX mode loop back
Operating Mode 1Q mode IQ mode IQ mode analyzer zero
span
RBW 3 MHz - - 100 kHz
VBW 3 MHz - - 300 kHz
Power supported supported supported supported
minimum/ minimum/ minimum/ minimum/
maximum maximum maximum maximum
Sweep Time one complete one complete one complete 10*79*
packet packet packet gate length
Sweep Count 10 200 blocks 100 10
Trace Mode CIrWr — - Maxh
Detector Aver - - Aver
Frequency in low / low / low / each channel
MHz middle / middle / middle /
high high high
Span - - - 79 MHz
Test cond norm / ext norm / ext norm / ext norm / ext
Results ratio of DPSK and | carrier frequency number of failed channel power of
GFSK power stability and packets all channels
error vector
magnitude
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Functional Description — Block Diagram

The Adjacent Channel Power and EDR In—-band Spurious Emissions measurements are performed in
the spectrum analyzer operating mode of the analyzer. For this test case the complete frequency band
is scanned using a sequence of zero span measurements.

All other test cases are based on a digital 1/Q demodulator which determines the temporal
characteristics of power and frequency. The output data of the demodulator are the basis for calculation
of all relevant measurement results like modulation characteristics or output power. The demodulator
reaches a maximum in accuracy and temperature stability by sampling the IF signal and converting it
digitally down into the base band (I/Q area).

The measurements are performed by passing the following signal processing steps:

= LAP (Lower Address Part) trigger detection
= Resampling

= Channel filtering

= Automated packet and bit pattern detection
= Limit check

= Parallel display of measurement curves and numeric results on the screen

Fig. 2-1 shows the analyzer hardware from the IF to the processor. The analog IF filter is fixed to
20MHz. The A/D converter samples the 20 MHz IF signal with a sampling frequency of 65.83 MHz.

Low pass filtering is performed after the signal has been down—converted into the complex base band
and the data rate is reduced in the sequence. The amount of decimation depends on the selected
oversampling factor = points / symbol. The default setting is 4, resulting in a 4 MHz sampling rate. For
EDR-measurements, the oversampling factor is always fixed to 4. The resulting 1/Q data are stored in a
memory of 512 k words for | and Q respectively. The hardware trigger (external or IF power) controls
the memory access.

Data aquisition hardware

Digital down conversion
+ decimation

I Memory
AD _\ >
Analogdfilter  sonverter * 512 k | data
Analyzer IF A decimation SW -
> —
47,9 MHz /_\ D filters T—‘ Processor | > Resampler
Bandwidths —\ * | @ Memory
20MHZ 65 83 MHz A| 512k Q data
sampling :
clock . :
sampling rate ! )
65,83 MHz /x Trigger

Fig. 2—29 Block diagram of the signal processing architecture of the analyzer
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Bandwidths

The Bluetooth RF Specification defines a minimal bandwidth of 3 MHz. The digital bandwidth depends
on the selected oversampling factor (= points / symbol). With the default setting of 4, the digital
bandwidth is 3 MHz. This digital filter has a flat amplitude characteristics and does not affect the
frequency deviation of the signal.

Measurement Filter (Meas Filter On)

The RF Specification allows high distortion power in the first adjacent channels. The 3 MHz filter does
not suppress this kind of distortion, which leads to a high interference in modulation. Therefore a
precise measurement of the frequency deviation is not possible.

In order to obtain correct deviation results, the analyzer supplies an optional filter with a passband only
appropriate for the channel to measure. This filter is used by default. The Bluetooth spectrum has a
bandwidth of 1 MHz. The filter is flat within 1.04 MHz (ripple: only 0.02 dB) and has steep edges. This
measurement filter is not dependent on the selected oversampling factor. As a result the displayed
deviation value is increased by 3.2%, but without the filter the displayed deviation value can increase
dramatically due to interference from adjacent channels. Generally the result is more precise, if the
displayed deviation is lower with filtering than without filtering. In these cases the inaccuracy caused by
the adjacent channel interference is higher than the systematic inaccuracy caused by the filter.

dB -30

R
“\

I ) Al |
- An

20 -16 -1.2 -0.8 -04 0 +0.4 +0.8 +1.2  +1.6 +20

Fig. 2—30 Selection of digital filters
Dashed-dotted curve: Standard filter with 4 points / symbol

Solid curve: Optional measurement filter, independent of the points / symbol setting
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Oversampling

The number of samples per symbol is equivalent to the sampling rate in MHz (due to the symbol length
of 1 us).

Digital Points per Sampling rate
bandwidth Symbol
(flat area)
10 MHz 32 32 MHz
8 MHz 16 16 MHz
5 MHz 8 8 MHz
3.0 MHz 4 4 MHz
1.6 MHz 2 2 MHz

According to the RF Test Specification an oversampling factor of 4 is required at minimum. For Basic
Rate measurements, this oversampling factor can be selected as oversampling factor in a range from 2
to 32. For EDR-measurements, the oversampling factor is fixed to 4 which is also the default value.

Although possible but not recommended is a value > 4. It increases the measurement time due to the
extended calculation effort. Additionally the resulting bandwidth will be larger than required, which leads
to lower measurement accuracy, unless the optional measurement filter (Meas Filter On) is used as
described in section Bandwidths.

The analyzer uses a timing offset correction in order to move the samples to the zero trespassing
points. As a result there is one sample per symbol time, which is especially important for a 0101 symbol
sequence in order to obtain the precise value for the peak frequency deviation.

Sampling times before timing offset correction Sampling times after timing offset correction

o . =Y

Fig. 2-31 Operation of the timing offset correction
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Advantages of the timing offset correction:

= No jitter with low sampling rates

= With one sample per zero, the trespassing point is always a sample in the middle of the bit length.
Therefore the maximum values in the frequency deviation of 0101 bit patterns can be detected
precisely also with low sampling rates.

= The immunity to interference when determining the data bits is improved.
= Higher suppression of the distortion during peak detection.

Determining Average or Max/Min Values

These functions are very useful in order to obtain more stable results or to find sporadic spurious
signals not included in every burst. In many cases the RF Test Specification defines measurements
over a 10 burst period.

The number of measurements can be selected using sweep count function, thus adapting the
measurement to the individual requirements.

In single sweep mode, the calculation of average or maximum / minimum values is performed over a
well-defined number of sweeps (= sweep count).

Continuous sweep mode yields continuous averaging and calculation of maximum / minimum values
over the whole measurement time.

Modulation measurements
They are performed in the Clear Write trace mode.

In continuous sweep mode, a "live" display is obtained, which allows e.g. an instant view of changes
during alignment of a DUT.

In single sweep mode and with the sweep count set to 10, the analyzer will evaluate 10 bursts as
required by the RF Test Specification. This means that a result is obtained after exactly 10 bursts.

Power measurements

They are performed in the Maxhold trace mode in relation with the defined measurement time. The
measurement time is selected in order to make sure that always one complete burst is acquired. In this
case, several sweeps are combined to one trace before this result trace is evaluated.
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Impact of the sweep count on the measurement results

Trace Mode Continuous Sweep Single Sweep & Sweep Count
Clear Write All measurement results (min., max., Starts a measurement with n sweeps (n
average) are updated with every sweep. = sweep count).

The corresponding values are

All measurement results (min., max.,
calculated based on the current curve.

average) are calculated based on these

n sweeps.
AVG, MaxHold, MinHold All measurement results (min., max., Starts a measurement with n sweeps (n
average) are updated with every sweep. = sweep count).

The corresponding values are

calculated based on the current curve. n defines the number of sweeps that

are taken into account for the trace

The trace is the continuous average math functions (AVG, MaxHold,
value (AVG) or the extreme value MinHold). The n sweeps result in one
(MaxHold, MinHold) since the start of trace and the measurement results
the measurement. (Min, Max, Average) are calculated

based on this summarized trace.

The functions described above differ from the detector functions of the instrument:

= Detectors combine the measurement data obtained by oversampling to one measurement point on
the screen. The kind of combination (Max Peak, Min Peak, Average, RMS) can be selected.

= The trace functions affect complete measurement curves: A resulting curve is calculated from
several subsequent sweeps. The method of calculation (Average, Maxhold, Minhold) can be
selected here as well.

Thus the detector is the arithmetic rule for how sample data collected with a high data rate are
combined to a measurement point of one individual measurement curve, whereas the trace mode is the
rule of how samples taken from several measurement curves are to be combined to a new resulting
curve.

For the ACP measurement, the Average detector is set.

Trigger Concepts

As the DUT (Device Under Test) uses frequency hopping, a trigger method is necessary for two
reasons:

= A measurement is only possible during the period of time, when there is a TX signal (burst) at the
frequency under request.

= |n order to determine the modulation characteristics correctly, a synchronization with the preamble
of the signal must be supplied.

If the Find Sync softkey is activated, the synchronization is supplied towards the 64 bit sync word. For
this purpose, in a first step a burst is searched automatically within the RF signal, or, if selected, the
external trigger or the IF power trigger are used to determine the burst position.

In a second step the sync word position is searched by correlation of the signal with the sync word
defined in the initialization phase. The correlation is performed directly with the FM signal, not with the
data bits, which are only available after the phase shifter has been processed. The find burst process is
continued as long as no sync word is found.

After the position of the sync word has been determined, the position of the pO0 bit is calculated from the
average value of all zero trespassing points, as defined in the RF test specification. Finally the samples
are moved in a way that each sample matches one zero trespassing point (phase shifting).

The only measurement possible without synchronization is the Output Power measurement. The
specified measurement time is 20% to 80% of the burst length. Without synchronization the burst length
is defined via the —3dB points of the power curve. With synchronization the burst starts with the pO bit.
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Therefore varying measurement results is possible if the power of the EUT is not constant within the
burst.

In order to supply stable synchronization the EUT must be operated in reduced hopping mode. The
EUT is only allowed to toggle between two frequencies, because otherwise the repetition time for the
same frequency would become higher than the record length.

If the test environment supplies an external trigger that marks the channel to be measured a
synchronization is also possible with normal hopping operation.

1303.6573.42 2.49 E-2



Noise Figure Measurements Option (K30) R&S ZVL-K1

Noise Figure Measurements Option (K30)

This chapter describes measurement examples for the Noise Figure Measurements option (K30). For
further information on measurement examples refer to the Quick Start Guide, chapter 5 "Basic
Measurement Examples”, or the Operating Manual on CD, chapter "Advanced Measurement
Examples".

Direct Measurements

Direct measurements are designed for DUTs without frequency—conversion, e.g. amplifiers. For details
refer also to the Operating Manual on CD, chapter "Instrument Functions", section "Noise Figure
Measurements Option (K30)".

Basic Measurement Example

This section provides step—by—step instructions for working through an ordinary noise figure
measurement. The following steps are described:

1. Setting up the measurement
2. Performing the calibration
3. Performing the main measurement

The gain and noise figure of an amplifier are to be determined in the range from 220 MHz to 320 MHz.

Setting up the measurement

1. Activate the Noise mode (for details refer to chapter "Instrument Functions", section "Measurement
Mode Selection — MODE Key").

2. Press the Freq Settings softkey to open the Frequency Settings dialog box.

Frequency Settings Frequency Table
RF LO IF
Start Freq (550 MHz 550.000 MHz |0.000 Hz 550000 MHz
Stop Freq (560 MHz 552.000 MHz |0.000 Hz 552000 hHz
Step Freqg |2 MHz 554000 MHz |0.000Hz  |554.000 MHz
ile]n] =R Fied LO, F=RF+LO = 556.000 MHz |0.000Hz  |556.000 MHz
Fixed LO |0 Hz 558.000 MHz |0.000 Hz 556,000 MHz
Image Rej [993.93 dB 560.000 MHz |0.000 Hz 550000 MHz

— Inthe Start Freq field, enter 550 MHz.
— Inthe Stop Freq field, enter 560 MHz.
— In the Step Freq field, enter 2 MHz.

A measurement at 6 frequency points is performed: 550 MHz, 552 MHz, 554 MHz, ..., 560
MHz.
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Noise Figure Measurements Option (K30)

Press the ENR Settings softkey to open the ENR dialog box.

ENR Settings

Selection
EMR Constant
Room Temperature

Measurement Settings

Calibration

2nd Stage Carrection |—

Analyzer Settings
REW

Sweep Time
Settling Time
Average

RF Attenuation
Automatic Ref Level
Ref Level

Range

Preamplifier

1 MHz

100 ms=
a0 ms

1
0de
v

30 dB

Performing the calibration

1.
2.

1303.6573.42

2.51

ENR Tahle
RF EMR
Constant 5250 MHz 5 dB
15 dB 560 MHz 10 dB
293 K 570 MHz 20 dB

In the ENR Constant field, enter the average ENR value of the used noise source for the
frequency range of interest, for example 75 dB.

Press the Meas Settings softkey to open the Measurement Settings dialog box.

Activate the 2nd Stage Correction option to perform the measurement as accurately as
possible.

Connect the noise source to the RF input of the spectrum analyzer (see Fig. 2—-32).

If you perform the measurement in an environment with radiated emissions, you may consider to
connect a lowpass filter to the voltage supply input of the noise source.

Provide the voltage supply for the noise source by connecting it to the +28 V connector of the
analyzer (labeled NOISE SOURCE CONTROL on the rear panel of the instrument) via a coax cable
and the lowpass filter. Connect the lowpass filter between the noise source itself and the NOISE
SOURCE CONTROL connector of the analyzer as shown in Fig. 2-32.

The purpose of the lowpass filter is to suppress any interference (e.g. due to RF interference),
including interference from the supply line. This makes it possible to perform very precise
measurements.
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NOéSCI)EN?%LCJ)IECE—m Noise Source | —— RF Input
(rear panel) (LT / (front panel}
ov
+28V
Fig. 2-32: Preparation for calibration
4. Start the calibration for the Noise Figure Measurements option.
— Press the SWEEP key.
— Press the Cal softkey.

The progress bar indicates the progress of the calibration measurement. After successful
calibration, in the status bar, a corresponding message is displayed and the title bar at the top of
the screen shows the status on the right—-hand—side.

Performing the main measurement

1. Insert the DUT (in this example, the amplifier) into the test setup between the noise source and RF
input of the R&S ZVL (see Fig. 2-33).

NOISE SOURCE

CONTROL Noise Source DUT I RFinput
filter (front panel}

(rear panel)

ov
+28V
Fig. 2-33: Test setup for the main measurement
To select the sweep mode, press the SWEEP key.
Press the RUN key to start the measurement.

Measurement results are updated as the measurement is in progress. The results are displayed in
graphical form. There are two traces, one for noise figure/temperature and one for the gain of the
DUT.

4. To change the display from the graphical form to a tabular list of measurement points, press the
Display List/Graph softkey.

Note: If a measurement is started while another measurement is still in progress, the first
measurement is aborted and the new measurement started immediately.

DUTs with very Large Gain

If the gain of the DUT exceeds 60 dB, the total gain must be reduced by an external attenuator. The
total gain of the DUT together with the external attenuator should lie within the range from 10 dB to
60 dB. A total gain of 20 dB to 30 dB is recommended. For a DUT with a gain of e.g. 64 dB, it is
recommended to use an external 40 dB—attenuator.

If an external attenuator is used, in the Measurement Settings dialog box, the entry in the Range field
should be modified according to the total gain ( = Gpyt — external attenuator).

The attenuation values of the external attenuator are entered in the Loss Settings dialog box under
Loss Output Settings.

Inaccuracies when entering this attenuation mainly influence the measured gain. The noise figure
remains to a large extent unaffected.
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Calibration

NOISE SOURCE
CONTROL filter
(rear panel) /

ov

Low pass RF Input

(front panel)

Noise Source

+28V

Measurement

NOISE SOURCE
CONTROL il
(rear panel) ey /

ov

Low pass External RF Input

Noise Source DUT
Attenuator (front panel}

+28V

Fig. 2-34: Calibration and measurement on DUTs with a high gain

Frequency-Converting Measurements

The frequency—converting measurement is used for DUTs with an output frequency that differs from the
input frequency, e.g. mixers and frequency converters. The frequency—converting measurement allows
many variations, which differ from each other in two criteria:

= Fixed LO Measurements

= Image-Frequency Rejection (SSB, DSB)

Fixed LO Measurements
In the Frequency Settings dialog box, select one of the following settings for the Mode parameter:
= fixed LO, IF=RF+LO, for up—converting devices

= fixed LO, IF=abs(RF-LO), for down converters or image measurements

Image-Frequency Rejection (SSB, DSB)

Frequency—converting DUTs often do not only convert the desired input frequency but also the image
frequency. A broadband noise source offers noise to the DUT not only at the input frequency but also at
the image frequency. If the noise power at the IF gate is measured, the origin of the noise can no longer
be determined. It may have been converted both from the input and from the image frequency range.

Test setup
IF (intermediate frequency) 100 MHz
RF (input frequency) 400 MHz

LO (local oscillator frequency) 500 MHz

Image (image frequency) 600 MHz
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If a DUT, which equally converts the useful signal and the image to the IF frequency, is measured using
the conventional y factor method or with the 2nd stage correction switched on, a measuring error of 3

dB is produced. The noise figure is displayed 3 dB lower and the gain 3 dB higher. The following
examples help to configure the test setup in order to measure the actual values.

Measurement on a single—sideband mixer

IF Lo freq. —»

In general, a single—sideband mixer with a very high image rejection causes very few problems. The

measurement is analogous to an amplifier. In this case, set the image rejection in the Frequency
Settings dialog box to a large value (e.g. 999.99 dB).

Measurement on a mixer without sideband suppression

IF

If the input and image frequencies are converted with the same application, an error of 3 dB occurs in

the measurement results if the image rejection is not taken into account. In this case, set the image
rejection in the Frequency Settings dialog box to a small value (e.g. 0.0 dB).
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Measurement on a mixer with an average sideband suppression

IF

For measurements on a mixer with a low image—frequency rejection, a measuring error of 0 to 3 dB is
obtained if the image—frequency rejection is not taken into account. In this case, set the image rejection

in the Frequency Settings dialog box to 4 dB to produce the correct results.

Measurement on a mixer with unknown sideband suppression

X dB

2y
77

7
7

77

77

77
7

NN
N\

IF LO Image freq. —

If the image rejection is not known, accurate noise results can still be produced. However, the gain of
the DUT must be known and an additional filter is required.

Test setup

NOISE SOURCE
CONTROL Noise Source — IF
(rear panel) liter (front panel)
ov

+28V

Fig. 2-35: Preparation for calibration

IF

NOISE SOURCE RF
CONTROL 1 Noise Source LD Mixer
filter Pass
(rear panel) (front panel}
ov

+28V

Fixed LO

Fig. 2-36: Test setup for the main measurement

In this test setup, a low pass filter prevents noise from the noise source from being fed in at the image
frequency. Depending on the position of the frequency bands, a highpass or bandpass filter may also
be necessary for the RF frequency instead of the lowpass filter. The important point is that noise from
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the noise source is not converted by a further receive path of the mixer. The noise of the noise source
at the receive frequency must not be reduced. The insertion loss must be considered, if applicable.

With this test setup, the measurement on a mixer without sideband suppression corresponds to the
measurement on a single—sideband mixer. As in that case, set the image rejection in the Frequency
Settings dialog box to a large value (e.g. 999.99 dB) to produce accurate results.

To take the characteristics of the filter into account, in the Loss Settings dialog box, enter the insertion
loss of the filter at the RF frequency. To consider the actual filter suppression at the image frequency,
do not enter 999 dB but the actual attenuation for the image rejection.

Measurement on a harmonics mixer

For a harmonics mixer, the input signals are not only converted to the IF by the wanted harmonic, but
also by the harmonic of the LO signal produced in the mixer. In many cases, the mixer even features a
lower conversion loss in the case of unwanted harmonics. For measurements on this type of mixer, a
bandpass filter must be used to make sure that that there is only noise at the desired input frequency at
the input of the DUT. This measurement is similar to measurements on a mixer with an average
sideband suppression.
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3GPP Base Station Measurements (Option K72)

This chapter explains basic 3GPP FDD base station tests by means of a setup with a signal generator,
e.g. an R&S SMU. It describes how operating and measurement errors can be avoided using correct
settings. The measurements are performed with an R&S ZVL equipped with the 3GPP Base Station
Measurements option (K72).

For measurements on base-station signals in line with 3GPP, test models with different channel
configurations are specified in the document "Base Station (BS) conformance testing (FDD)" (3GPP TS
25.141 V7.4.0).

For further information on measurement examples refer also to the Quick Start Guide, chapter 5 "Basic
Measurement Examples".

1303.6573.42 2.57 E-2



3GPP Base Station Measurements (Option K72) R&S ZVL-K1

Measurement 1: Signal Channel Power

The R&S ZVL measures the unweighted RF signal power in a bandwidth of
Jew =SMHz>2(1+a)-3.84MHz | a=0.22

The power is measured in zero span using a digital channel filter of 5 MHz in bandwidth. According to
the 3GPP standard, the measurement bandwidth (5 MHz) is slightly larger than the minimum required
bandwidth of 4.7 MHz.

Test setup:

Connect the RF output of the signal generator to the RF input of the R&S ZVL (coaxial cable with N
connectors).

Signal generator settings (e.g. R&S SMU):
Frequency: 21175 GHz

Level: 0 dBm
Standard: WCDMA/3GPP
Test model: 1, 32 DPCH channels

Procedure:

1. Set the spectrum analyzer to its default state.
— Press the PRESET key.
The R&S ZVL is set to its default state.

2. Change into the 3G FDD BTS mode.
— Press the MODE key and activate the 3G FDD BTS option.

3. Set the center frequency to 2.1175 GHz.
— Press the CENTER key.
The frequency menu is displayed.

— In the dialog box, enter 2.71175 using the numeric keypad and confirm with the GHz key.

4. Set the reference level to 0 dBm.

— Press the AMPT key and enter 0 dBm.

6. Start the Power measurement.
— Press the MEAS key.
— Press the Power softkey.

The signal channel power of the WCDMA signal is displayed.
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ef 0.0 dBm T 100.00ms
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Tx Channel Standard: W-CDMA 3GPP FWD
Ref Level
Bandwidth 5.000 MHz | Power -1.75 dBm

Fig. 2-37 Power measurement

Adjust
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Measurement 2: Spectrum Emission Mask

The 3GPP specification defines a measurement that monitors compliance with a spectral mask in a
range of at least £12.5 MHz around the WCDMA carrier. To assess the power emissions in the
specified range, the signal power is measured in the range near the carrier by means of a 30 kHz filter,
and in the ranges far away from the carrier by means of a 1 MHz filter. The resulting trace is compared
to a limit line defined in the 3GPP specification.

Test setup:

Connect the RF output of the signal generator to the RF input of the R&S ZVL (coaxial cable with N
connectors).

Signal generator settings (e.g. R&S SMU):
Frequency: 21175 GHz

Level: 0dBm

Standard: WCDMA/3GPP

Test model: 1, 32 DPCH channels

Procedure:

1. Set the spectrum analyzer to its default state.
— Press the PRESET key.
The R&S ZVL is set to its default state.

2. Change into the 3G FDD BTS mode.
— Press the MODE key and activate the 3G FDD BTS option.

3. Set the center frequency to 2.1175 GHz.
— Press the CENTER key.
The frequency menu is displayed.

— In the dialog box, enter 2.71175 using the numeric keypad and confirm with the GHz key.

4. Set the reference level to 0 dBm.

— Press the AMPT key and enter 0 dBm.

5. Start the Spectrum Emission Mask measurement.
— Press the MEAS key.
— Press the Spectrum Emission Mask softkey.

The spectrum of the 3GPP FDD signal is displayed.
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Fig. 2-38 Spectrum Emission Mask measurement
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Measurement 3: Relative Code Domain Power

A code domain power measurement on one of the test models (model 1 with 32 channels) is shown in
the following. To demonstrate the effects, the basic parameters of the Code Domain Power
measurements permitting an analysis of the signal are changed one after the other from values adapted
to the measurement signal to non—adapted values.

Test setup:
Connect the RF output of the signal generator to the input of the R&S ZVL.

Connect the reference input (EXT REF) on the rear panel of the analyzer to the reference input of the
signal generator (coaxial cable with BNC connectors).

Signal generator settings (e.g. R&S SMU):
Frequency: 21175 GHz

Level: 0 dBm
Standard: WCDMA/3GPP
Test model: 1, 32 DPCH channels

Procedure:

1. Set the spectrum analyzer to its default state.
— Press the PRESET key.
The R&S ZVL is set to its default state.

2. Change into the 3G FDD BTS mode.
— Press the MODE key and activate the 3G FDD BTS option.

3. Set the center frequency to 2.1175 GHz.
— Press the CENTER key.
The frequency menu is displayed.

— In the dialog box, enter 2.7175 using the numeric keypad and confirm with the GHz key.

4. Adjust the reference level and scrambling code.
—  Press the MEAS key.
The measurement menu is displayed.
— Press the Auto Level & Code softkey.

The firmware adjusts the reference level and then searches the scrambling code automatically.

5. Select the Code Domain Power measurement.
— Press the MEAS key.
— Press the Code Dom Power Diagram softkey.

The Code Domain Power of signal according to test model 1 with 32 channels is displayed.
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Fig. 2-39 Relative Code Domain Power measurement

Synchronization of the Reference Frequencies

Synchronization of the reference oscillators both of the DUT and the analyzer strongly reduces the
measured frequency error.

1. Press the SETUP key.
2. Press the Reference Int/Ext softkey to switch to external reference.

The displayed frequency error should be <10 Hz.

Behavior with Deviating Center Frequency Setting

In the following, the behavior of the DUT and the analyzer with an incorrect center frequency setting is
shown.

1. Tune the center frequency of the signal generator in 0.5 kHz steps.
2. Watch the analyzer screen.

A Code Domain Power measurement on the R&S ZVL is still possible with a frequency error of up
to approx. 1 kHz. Up to 1 kHz, a frequency error causes no apparent difference in the accuracy of
the Code Domain Power measurement.

Above a frequency error of 1 kHz, the probability of impaired synchronization increases. With
continuous measurements, all channels are at times displayed in blue with almost the same level.

Above a frequency error of approx. 2 kHz, a Code Domain Power measurement cannot be
performed. The R&S ZVL displays all possible codes in blue with a similar level.

3. Set the signal generator center frequency to 2.1175 GHz again.
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Behavior with Incorrect Scrambling Code

A correct Code Domain Power measurement can be carried out only if the scrambling code set on the
analyzer is identical to that of the transmitted signal.

1. Set the scrambling code of the signal generator to 0001.

With the scrambling code still set to 0 (default setting), the Code Domain Power Diagram result
display of the R&S ZVL shows all possible codes with approximately the same level.

2. Set the correct scrambling code on the R&S ZVL.
— Press the MENU key.
— Press the Scrambling Code softkey.
— In the submenu, press the Scrambling Code softkey and enter 71 using the numeric keypad.

The Code Domain Power display again shows the test model.
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Measurement 4: Triggered Measurement of Relative Code
Domain Power

If the code domain power measurement is performed without external triggering, a section of
approximately 20 ms of the test signal is recorded at an arbitrary moment to detect the start of a 3GPP

FDD frame in this section. Depending on the position of the frame start, the required computing time
can be quite long. Applying an external (frame) trigger can reduce the computing time.

Test setup:
Connect the RF output of the signal generator to the input of the R&S ZVL.

Connect the reference input (EXT REF) on the rear panel of the R&S ZVL to the reference input of the
signal generator (coaxial cable with BNC connectors).

Connect the external trigger input on the rear panel of the R&S ZVL (EXT TRIGGER/GATE IN) to the
external trigger output of the signal generator.

Signal generator settings (e.g. R&S SMU):
Frequency: 21175 GHz

Level: 0 dBm
Standard: WCDMA/3GPP
Test model: 1, 32 DPCH channels

Procedure:

1. Set the spectrum analyzer to its default state.
— Press the PRESET key.
The R&S ZVL is set to its default state.

2. Change into the 3G FDD BTS mode.
— Press the MODE key and activate the 3G FDD BTS option.

3. Set the center frequency to 2.1175 GHz.
— Press the CENTER key.
The frequency menu is displayed.

— In the dialog box, enter 2.1175 using the numeric keypad and confirm with the GHz key.

4. Adjust the reference level and scrambling code.
— Press the MEAS key.
The measurement menu is displayed.
— Press the Auto Level & Code softkey.

The firmware adjusts the reference level and then searches the scrambling code automatically.

5. Select the Code Domain Power measurement.
— Press the MEAS key.

— Press the Code Dom Power Diagram softkey.
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6. Select an external trigger source.
— Press the TRIG key.
— Press the Trigger Source softkey and select the External option.
The Code Domain Power of signal according to test model 1 with 32 channels is displayed.

The repetition rate of the measurement increases considerably compared to the repetition rate
of a measurement without an external trigger.

Trigger Offset

A delay of the trigger event referenced to the start of the 3GPP FDD frame can be compensated by
modifying the trigger offset.

1. Press the TRIG key.

2. Press the Trigger Offset softkey and enter 700 using the numeric keypad and confirm with the ps
key.
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Setup for Base Station Tests

This section describes how to set up the R&S ZVL for 3GPP FDD base station tests. As a prerequisite
for starting the test, the instrument must be correctly set up and connected to the AC power supply as
described in the Quick Start Guide, chapter 1. Furthermore, the R&S ZVL must be equipped with the
3GPP Base Station Measurements option (R&S FSL-K72). Installation instructions are provided in the
Quick Start Guide, chapter 3.:

Standard Test Setup

EXT TRIGGER
TX signal
Base ext. reference signal
Transmission R&S FSL -
i EXT
Station =l
Frame RE
Trigger INPUT

Fig. 2-40 Base Transmission station test setup

» Connect the antenna output (or TX output) of the base transmission station to RF input of the
R&S ZVL via a power attenuator of suitable attenuation.

The following values are recommended for the external attenuator to ensure that the RF input of the
analyzer is protected and the sensitivity of the analyzer is not reduced too much.

Max. power Recommended ext. attenuation
>55 to 60 dBm 35 to 40 dB

>50 to 55 dBm 30 to 35 dB

>45 to 50 dBm 25to 30 dB

>40 to 45 dBm 20 to 25 dB

>35 to 40 dBm 15 to 20 dB

>30 to 35 dBm 10 to 15 dB

>25 to 30 dBm 5to 10 dB

>20 to 25 dBm 0to5dB

<20 dBm 0dB

» For signal measurements at the output of two—port networks, connect the reference frequency of
the signal source to the reference input of the R&S ZVL (EXT REF).

» To ensure that the error limits specified by the 3GPP standard are met, the R&S ZVL should use an
external reference frequency for frequency measurements on base stations. For instance, a
rubidium frequency standard may be used as a reference source.

» If the base station is provided with a trigger output, connect this output to the trigger input of the
R&S ZVL (EXT TRIGGER/GATE IN).

Basic Settings
1. Enter the external attenuation).

2. Enter the reference level.
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3. Enter the center frequency.
4. Set the trigger.
5. Select the standard and measurement.
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WLAN TX Measurements (Option K91)

This section describes measurement examples for the WLAN TX Measurements option (K91) and gives
details to signal processing. For further information on measurement examples refer also to the Quick
Start Guide, chapter 5 "Basic Measurement Examples".

Basic Measurement Example

This section provides step—by—step instruction for working through an ordinary measurement. The
following steps are described:

1. Setting up the measurement
2. Performing the level detection
3. Performing the main measurement

In this example, a DUT using IEEE 802.11a is be used. The DUT is connected to the analyzer using the
RF input of the analyzer. The DUT generates a signal modulated using 16QAM.

Setting up the measurement

1. Activate the WLAN mode (for details refer to chapter "Instrument Functions", section "Measurement
Mode Selection — MODE Key").

2. Press the Settings softkey once to select and open the General Settings dialog box.

General Settings

Signal Characteristics tvanced Settings
Standard IEEE 802.11a Auto Level time |[100 ms
Freguency 1 GHz Ref. Level -10 dBm
Channel Ko Attenuation 0 dB

Sample Rate

Level Settings
Sore Lol uts L SR
Ext Att 0 dE

Data Capture Settings

Capture Time |1 ms |
Burst Count

Analyze Bursts
Sweep Count |1

Trigger Settings
Trigger Made Free Run
Trigger Offset ﬁ
Power Level Auto Lyl
0 Settings
Sweap |G [

Advanced Settings [«

— Inthe Frequency field, enter the desired frequency to measure.

If a frequency is entered, which maps to a specific channel, the Channel No field updates.
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— Under Level Settings, deactivate the Auto Lvl option. In this example the level detection
measurement is executed manually (for details see Performing the level detection).

3. Press the Settings softkey once to select and open the Demod Settings dialog box.

Demod Settings

Burst To Analyze

Signal Field Content
Burst Type Direct Link Burst |
Auto Demodulation
Demadulatar 54 hibps 64 QAN |
Equal Burst Length
in Data Symbols |1
lax Data Symbols (1366

Channel Estimation |Preamble

Tracking
Fhaze [v
Timing [
Level [

— In the Demodulator field, select the used modulation scheme.

Performing the level detection
1. Connect the DUT to the RF input of the spectrum analyzer.

DUT RF Input
(front panel)

2. Start the level detection measurement by pressing the SWEEP hardkey and then the Auto Level
softkey.

During the level detection measurement the text Running is displayed in the status bar at the
bottom of the screen.

After successful level detection, the status message Measurement Complete is displayed, the
signal level field for the selected input displays the detected signal level and the Magnitude Capture
Buffer (screen A) displays the zero span trace obtained during the measurement sequence.

Performing the main measurement

1. Select single sweep measurements by pressing the SWEEP hardkey and then the Meas softkey to
select Single.

2. Start the measurement by pressing the RUN hardkey.
During the measurement, the status message Running is displayed.

Measurement results are updated once the measurement has completed. The results are displayed
in graphical form. The display can be toggled to a tabular list of measurement points by pressing
the Display softkey (in the WLAN menu or trace menu).
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Signal Processing of the IEEE 802.11a application

Abbreviations

a;, symbol at symbol / of sub carrier k
EVM, error vector magnitude of sub carrier &
EVM error vector magnitude of current packet
g signal gain

Af frequency deviation between Tx and Rx
/ symbol index [ =[1,nof Symbols]

nof _symbols number of symbols of payload

H, channel transfer function of sub carrier &
k channel index &k =[-31,32]
K, o modulation dependant normalization factor

& relative clock error of reference oscillator

sub carrier k of symbol /

This description gives a rough view of the IEEE 802.11a application signal processing. Details are
disregarded in order to get a concept overview.

A diagram of the interesting blocks is shown in Fig. 2—41 First the RF signal is down converted to the IF
frequency f,. = 20.4 MHz. The resulting IF signal r,.(¢z) is shown on the left-hand side of the figure. After

bandpass filtering, the signal is sampled by an Analog to Digital Converter (ADC) at a sampling rate of
f., =81.6 MHz. This digital sequence is resampled to the new sampling frequency of 1., =80 MHz which is

a multiple of the Nyquist rate (20 MHz). The subsequent digital down converter shifts the IF signal to the
complex base band. In the next step the base band signal is filtered by a FIR filter. To get an idea, the rough
transfer function is plotted in the figure. This filter fulfills two tasks: first it suppresses the IF image frequency,
secondly it attenuates the aliasing frequency bands caused by the subsequent down sampling. After filtering,
the sequence is sampled down by the factor of 4. Thus the sampling rate of the down sampled sequence
r(i) is the Nyquist rate of f., = 20 MHz. Up to this point the digital part is implemented in an ASIC.
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| @lg FIR 4 -2
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Fig. 2-41  Signal processing of the IEEE 802.11a application

In the lower part of the figure the subsequent digital signal processing is shown. In the first block the
packet search is performed. This block detects the Long Symbol (LS) and recovers the timing. The
coarse timing is detected first. This search is implemented in the time domain. The algorithm is based on
cyclic repetition within the LS after N =64 samples. Numerous treatises exist on this subject, e.g. [1] to

[3]. Furthermore a coarse estimate Af

coarse

1ofthe Rx—Tx frequency offset Af is derived from the metric in
[6]. This can easily be understood because the phase of »(i)-7 (i+ N) is determined by the frequency
offset. As the frequency deviation Af can exceed half a bin (distance between neighbor sub—carriers)
the preceding Short Symbol (SS) is also analyzed in order to detect the ambiguity.

After the coarse timing calculation the time estimate is improved by the fine timing calculation. This is
achieved by first estimating the coarse frequency response H(" , with k =[-26, 26] denoting the channel

index of the occupied sub—carriers. First the FFT of the LS is calculated. After the FFT calculation the known
symbol information of the LS sub—carriers is removed by dividing by the symbols. The result is a coarse
estimate I:Ik of the channel transfer function. In the next step the complex channel impulse response is

computed by an IFFT. Next the energy of the windowed impulse response (the window size is equal to
the guard period) is calculated for every trial time. Afterwards the trail time of the maximum energy is
detected. This trial time is used to adjust the timing.

Now the position of the LS is known and the starting point of the useful part of the first payload symbol
can be derived. In the next block this calculated time instant is used to position the payload window.
Only the payload part is windowed. This is sufficient because the payload is the only subject of the
subsequent measurements.

In the next block the windowed sequence is compensated by the coarse frequency estimate Af . This is

coarse

necessary because otherwise inter channel interference (ICI) would occur in the frequency domain.

The transition to the frequency domain is achieved by an FFT of length 64. The FFT is performed
symbol-wise for every of the nof symbols symbols of the payload. The calculated FFTs are described

by .k with
the symbol index [ =[1, nof symbols ] and
the channel index £ =[-31,32].

In case of an additive white Gaussian noise (AWGN) channel the FFT is described by [4], [5]

1 The hat generally describes an estimate. Example: x is the estimate of x.
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(common (timing)

; ; ) ;
J(phase, +phase; -y (10)

7o = Kmod X apk x g1 x Hy xe

with

the modulation—dependant normalization factor K

mod ?

the symbol «,, of sub—carrier £ at symbol /,
the gain g, at the symbol / in relation to the reference gain g =1 at the long symbol (LS),

the channel frequency response H, atthe long symbol (LS),

the common phase drift phase

(common)
/

of all sub—carriers at symbol / (see below),

(timing)

the phase phase), of sub—carrier £ at symbol / caused by the timing drift (see below),
the independent Gaussian distributed noise samples n,, .
The common phase drift in equation (10) is given by
phase{ ™" =270 x Ny | N x Afyoqy T %1+ dlyy (11)
with
N, =80 being the number of Nyquist samples of the symbol period,

N =64 being the number of Nyquist samples N = 64 of the useful part of the symbol,

Af,,., being the (not yet compensated) frequency deviation,

dy, being the phase jitter at the symbol /.

In general, the coarse frequency estimate Af‘

coarse

(see figure 1) is not error—free. Therefore the remaining

frequency error Af,,, represents the not yet compensated frequency deviation in 7, . Consequently the

rest
overall frequency deviation of the device under test (DUT) is calculated by Af = Af,,., Remark:

The only motivation for dividing the common phase drift in equation (11) into two parts is to be able to
calculate the overall frequency deviation of the DUT.

+ Af,

rest *

The reason for the phase jitter dy, in equation (11) may be different. The nonlinear part of the phase

jitter may be caused by the phase noise of the DUT oscillator. Another reason for nonlinear phase jitter
may be the increase of the DUT amplifier temperature at the beginning of the burst. Please note that
besides the nonlinear part the phase jitter dy, also contains a constant part. This constant part is

caused by the not yet compensated frequency deviation Af, .. To understand this, please keep in mind

that the measurement of the phase starts at the first symbol /=1 of the payload. In contrast the channel

frequency response H, in equation (10) represents the channel at the long symbol of the preamble.
Consequently the not yet compensated frequency deviation Af,, produces a phase drift between the

long symbol and the first symbol of the payload. Therefore this phase drift appears as a constant value
("DC value") in dy, .

Referring to the IEEE 802.11a measurement standard Chapter 17.3.9.7 "Transmit modulation accuracy test"

(common)

[6], the common phase drift phase, must be estimated and compensated from the pilots. Therefore this
"symbol wise phase tracking" (Tracking Phase) is activated as the default setting of the R&S FSL-K91.

Furthermore the timing drift in equation (10) is given by

phasel(t]i{mmg):Zﬂst INxExkx] (12)
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with & being the relative clock deviation of the reference oscillator. Normally a symbol-wise timing jitter
is negligible and thus not modeled in equation (12). There may be situations where the timing drift has
to be taken into account. This is illustrated by an example: In accordance to [6] the allowed clock
deviation of the DUT is up to &, =20 ppm. Furthermore a long packet with nof_symbols = 400 symbols
is assumed. From equations (10) and (12), it results that the phase drift of the highest sub—carrier
k =26 in the last symbol [ =nof symbols is 93 degrees. Even in the noise—free case, this would lead to
symbol errors. The example shows that it is actually necessary to estimate and compensate the clock
deviation, which is accomplished in the next block.

Referring to the IEEE 802.11a measurement standard [6], the timing drift phase{™ is not part of the
requirements. Therefore the "time tracking" (Tracking Time) is not activated as the default setting of the
R&S FSL—K91.

The time tracking option should rather be seen as a powerful analyzing option.

In addition the tracking of the gain g, in equation (10) is supported for each symbol in relation to the
reference gain g =1 at the time instant of the long symbol (LS). At this time the coarse channel transfer

function I—?f,LS) is calculated. This makes sense since the sequence ', is compensated by the coarse

channel transfer function IQI},LS} before estimating the symbols. Consequently a potential change of the
gain at the symbol / (caused, for example, by the increase of the DUT amplifier temperature) may lead

to symbol errors especially for a large symbol alphabet M of the MQAM transmission. In this case the
estimation and the subsequent compensation of the gain are useful.

Referring to the IEEE 802.11a measurement standard [6], the compensation of the gain g, is not part

of the requirements. Therefore the "gain tracking" (Tracking Gain) is not activated as the default setting
of the R&S FSL-K91.

How can the parameters above be calculated? In this application the optimum maximum likelihood
algorithm is used. In the first estimation step the symbol-independent parameters Af,, and & are

rest

estimated. The symbol dependent parameters can be neglected in this step i.e. the parameters are set
to g, =1 and dy, =0 . Referring to equation (10) the log likelihood function?

nof _ symbols
LB = YY)
=1 k=-21-7,7,21

with (13)

ﬁhasel(wmm‘m) =27 x Ny / N % Afyo, T x1

]N)hasel(ﬁmmg) =27xNg INxExkxl

/((LS) o ej(;,hase;wmmon) +ﬁhase;1mmg)

I‘[)k —al’k X[‘AI

must be calculated as a function of the trial parameters Afm, and & . The trial parameters leading to

the minimum of the log likelihood function are used as estimates Aj}m, and 5 In equation (13)(13) the
known pilot symbols «,, are read from a table.

In the second step for every symbol / the log likelihood function

Ly(g.dyy) = Z

k=-21,-7,7,21

. 2
_ Lo~ ., (common) | ~ (timing)
k=g x @ < HE s P

with
]N)hasel(common) =27 X Ny /N X Af ype T x 1 +d7

ﬁhasel(timmg) =27 x Ny /I NxExkxl

2 The tilde generally describes an estimate. Example: X is the trial parameter of x.
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is calculated as a function of the trial parameters g, and dy, . Finally, the trial parameters leading to the
minimum of the log likelihood function are used as estimates g, and dy, .

This robust algorithm works well even at low signal to noise ratios with the Cramer Rao Bound being
reached.

After estimation of the parameters, the sequence r,, is compensated in the compensation blocks.

In the upper analyzing branch the compensation is user—defined i.e. the user determines which of the
parameters are compensated. This is useful in order to extract the influence of these parameters. The

resulting output sequence is described by ', .

In the lower compensation branch the full compensation is always performed. This separate
compensation is necessary in order to avoid symbol errors. After the full compensation the secure
estimation of the data symbols a,, is performed. From equation (10) it is clear that first the channel

transfer function H, must be removed. This is achieved by dividing the known coarse channel estimate

I:I,ELS) calculated from the LS. Usually an error free estimation of the data symbols can be assumed.

In the next block a better channel estimate A M of the data and pilot sub—carriers is calculated by using all
nof symbols symbols of the payload (PL). This can be accomplished at this point because the phase is
compensated and the data symbols are known. The long observation interval of nof symbols symbols (compared

to the short interval of 2 symbols for the estimation of H {5)) leads to a nearly error—free channel estimate.

In the following equalizer block ', is compensated by the channel estimate. The resulting channel-
compensated sequence is described by ", . The user may either choose the coarse channel estimate
H™ (from the long symbol) or the nearly error—free channel estimate A" (from the payload) for
equalization. In case of using the improved estimate A" a 2 dB reduction of the subsequent EVM

measurement can be expected.

According to the IEEE 802.11a measurement standard [6], the coarse channel estimation I—AIA‘,LS) (from
the long symbol) has to be used for equalization. Therefore the default setting of the R&S FSL-K91 is
equalization from the coarse channel estimate derived from the long symbol.

In the last block the measurement variables are calculated. The most important variable is the error
vector magnitude

nof _ symbols

1 " 2
EVM = | ————- Z "’l,k = Kmod @ a1,k (14)
nof _symbols

of the sub—carrier £ of the current packet. Furthermore the packet error vector magnitude

26
- fL Z 2
EVM = = EVM (15)
k=-26(k+0)

is derived by averaging the squared EVM, versus k . Finally the average error vector magnitude

. nof _ packets
EVM = |[——— ZEVMZ(counter) (76)
nof _ packets
counter=1

is calculated by averaging the packet EVM of all nof packets detected packets. This parameter is
equivalent to the so—called "RMS average of all errors Error,, " of the IEEE 802.11a measurement
commandment (see [6], Chapter 17.3.9.7).
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Signal Processing of the IEEE 802.11b application

Abbreviations

& timing offset

Af frequency offset

Ag phase offset

ARG{. ) } calculation of the angle of a complex value

EVM error vector magnitude

gl estimate of the gain factor in the I-branch

gQ estimate of the gain factor in the Q—branch

AgQ accurate estimate of the crosstalk factor of the Q—branch in the |-branch
};S ) estimated baseband filter of the transmitter

il,- v) estimated baseband filter of the receiver

0, estimate of the IQ-offset in the I-branch

5Q estimate of the IQ—offset in the I-branch

r(v) measurement signal

S(v) estimate of the reference signal

5.(v) estimate of the power normalized and undisturbed reference signal

REAL{. . } calculation of the real part of a complex value

IMAG{. . } calculation of the imaginary part of a complex value
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This description gives a rough overview of the signal processing concept of the IEEE 802.11b
application.

A block diagram of the measurement application is shown in Fig. 2-42. The baseband signal of an
IEEE 802.11b wireless LAN system transmitter is sampled with a sampling rate of 44 MHz.

PreAnalysis over IQ capture buffer

Signal Info Table

SearchBursts
SampleBuffer
ov=4
fs = 44MHz —
Timing Freq./Phase
—> Correction .
Correction
(Resampler)
i i
{
ov
Timing Freq./Phase
Estimation Estimation Receiver Filter|
Estimation
Timing . Time, Q- \L
Correction Freq./Ph_ase Gam_ Freq.Ph Ba_seb_and Imbal./
Correction Correction ase Filtering Offset ov
(Resampler) Correct. Correct.
X L
4 4 | i
o ov Tra;ﬁg:“er n. | Estimation of all
Lo Parameters k EVM
Partitioned Partitioned Partitioned Estimation | | ) 1Q Impairm
_ ) pairments,
—» Timing Freq./Phase Gain f s(v) Signal Constellation
Estimation Estimation Estimation [—
T
ov
0 s(v)
L—»f Symbol Estimation

Fig. 2-42  Signal processing of the IEEE 802.11b application

The first task of the measurement application is to detect the position of the bursts within the
measurement signal (V). The detection algorithm is able to find the positions of the beginning of
short and long bursts and can distinguish between them. The algorithm also detects the initial state of

the scrambler. This is required if IEEE 802.11 signals should be analyzed, because this standard does
not specify the initial state of the scrambler.

With the knowledge of the start position of the burst, the header of the burst can be demodulated. The
bits transmitted in the header provide information about the length of the burst and the modulation type
used in the PSDU.

After the start position and the burst length is fully known, better estimates of timing offset, timing drift,
frequency offset and phase offset can be calculated using the entire data of the burst.

At this point of the signal processing a demodulation can be performed without decision error. After
demodulation the normalized and undisturbed reference signal s(v) is available.

If the frequency offset is not constant and varies with time, the frequency— and phase offset in several
partitions of the burst must be estimated and corrected. Additionally, timing offset, timing drift and gain
factor can be estimated and corrected in several partitions of the burst. These corrections can be
separately switched off in the demodulation settings menu.

Knowing the normalized power and undisturbed reference signal, the transmitter baseband filter is
estimated by minimizing the cost function
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2

N-1 - L

L= z () x e IV oA _ Zhs(i)XE,,(v—i)—EI - jog (17)
v=0 i=—L

of a maximum-likelihood—based estimator, where r(v) is the over sampled measurement signal,

§,(v) the over sampled power normalized and undisturbed reference signal, N the observation

length, L the filter length, A}, A¢7, 0, 5Q and }Z(v) the variation parameters of the frequency—,

the phase, the IQ—offset and the coefficients of the transmitter filter. The frequency-, the phase- and
the 1Q—offset are estimated jointly with the coefficients of the transmitter filter to increase the estimation
quality.

Once the transmitter filter is known, all other unknown signal parameters are estimated with a
maximum-likelihood—based estimation, which minimizes the cost function

N-1

)

v=0

(v — ) x e IV x T IAP ~grxs; (V)= jgg xsg(V)+Agg xs9(V) =0} — jog (18)

where g, resp. §Q are the variation parameters of the gain used in the |- resp. the Q—branch, A§Q is

the crosstalk factor of the Q-branch into the I-branch and s, (V) resp. So (v) are the filtered reference

signal of the |- resp. the Q-branch. The unknown signal parameters are estimated in a joint estimation
process to increase the accuracy of the estimates.

The accurate estimates of the frequency offset, the IQ-imbalance, the quadratur—-mismatch and the
normalized IQ—offset are displayed by the measurement software. The IQ—imbalance

G A
1Q — Imbalance = g0 — £0
81

is the quotient of the estimates of the gain factor of the Q-branch, the crosstalk factor and the gain
factor of the I-branch, the quadrature—-mismatch

(19)

Quadrature — Mismatch = ARG{gQ +jx AgQ} (20)

is a measure for the crosstalk of the Q—branch into the I-branch. The normalized |Q—offset

A2 A2
0; +0,

1 . 2
\/2'[g’2+gé] (21)

is defined as the magnitude of the IQ—offset normalized by the magnitude of the reference signal.

1Q — Offset =

At this point of the signal processing all unknown signal parameters such as timing—, frequency—,
phase—, 1Q-offset and IQ—imbalance have been evaluated and the measurement signal can be
corrected accordingly.

Using the corrected measurement signal 7(v) and the estimated reference signal §(v) the modulation
quality parameters can be calculated. The mean error vector magnitude (EVM)

J2|r(v>—§(v)|2
EVM =

v=0
N-1 R )
230
v=0 (22)

is the quotient of the root-mean—square values of the error signal power and the reference signal
power, whereas the instant error vector magnitude
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EVM (v) = —|V(NV)1 —50)
> o)
v=0 (23)

is the momentary error signal magnitude normalized by the root mean square value of the reference
signal power.

In [2] a different algorithm is proposed to calculate the error vector magnitude. In a first step the 1Q—
offset in the I-branch

N-1
o, = 1 REAL{r(v)}
N3 (24)
and the |1Q—offset of the Q—branch
N 1 &
6= IMAG{r(v)}
v=0 (25)

are estimated separately, where r(v) is the measurement signal which has been corrected with the

estimates of the timing—, frequency— and phase offset, but not with the estimates of the IQ-imbalance
and |Q-offset. With these values the IQ—imbalance of the |-branch

N-1
g, = WZ|REAL{r(v) —6,
v=0

(26)
and the |Q—imbalance of the Q—-branch
R 1 & R
gp = NZ‘IMAG{V(V) - OQ}‘
v=0 (27)

are estimated in a non-linear estimation in a second step. Finally, the mean error vector magnitude

Verr(v)
: N-1 | N-1
\/2 > [REALY()}-5/] -2/ + 3 > ﬂlMAG{r(v)}— 50| eof (28)
v=0

v=0
1k

can be calculated with a non data aided calculation. The instant error vector magnitude

Verr(v)

) ‘/% ﬂREAL{r(V)}— 51| - él]z + % “IMAG{V(V)}_ 5Q| - gQ}Z (29)
(- lba)

is the error signal magnitude normalized by the root mean square value of the estimate of the
measurement signal power. The advantage of this method is that no estimate of the reference signal is
needed, but the IQ-offset and IQ—imbalance values are not estimated in a joint estimation procedure.
Therefore, each estimation parameter is disturbing the estimation of the other parameter and the
accuracy of the estimates is lower than the accuracy of the estimations achieved by equation (17). If the
EVM value is dominated by Gaussian noise this method yields similar results as equation (18).
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802.11b RF carrier suppression

Definition

The RF carrier suppression, measured at the channel center frequency, shall be at least 15 dB below
the peak SIN(x)/x power spectrum. The RF carrier suppression shall be measured while transmitting a
repetitive 01 data sequence with the scrambler disabled using DQPSK modulation. A 100 kHz
resolution bandwidth shall be used to perform this measurement.

Measurement with R&S spectrum analyzers

The RF carrier suppression as defined in the standard is a determination of peak ratios. The
unscrambled 01 data sequence provides a spectrum with distinct peaks enveloped by the transmit filter
spectrum. An IQ offset leads to an additional peak at the center frequency.

The following measurement sequence can be used in normal spectrum mode:
1. Use power trigger or external trigger

3. Use gated sweep with gate delay at payload start and gate length = payload length
(Delay—Comp ON and RBW = 50 MHz for gate settings)

Set RBW = 100 kHz
Set Sweep Time = 100 ms
Set Span = 20 MHz
Set Detector = RMS

Set Marker 1 to center frequency

© © N o a k&

Use Marker 2 as Delta Marker and set it to max. peak

Fig. 2—43 is a screenshot of this measurement. The delta marker shows directly the RF carrier
suppression in dB (white circled value).
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Fig. 2-43  RF carrier suppression measurement

Comparison to 1Q offset measurement in K91 list mode

The 1Q offset measurement in K91 returns the actual carrier feed through normalized to the mean
power at the symbol timings. This measurement doesn't need a special test signal and is independent
of the transmit filter shape.

The RF carrier suppression measured according to the standard is inversely proportional to the 1Q
offset measured in K91 list mode. The difference (in dB) between the two values depends on the
transmit filter shape and should be determined with one reference measurement.

The following table lists exemplary the difference for three transmit filter shapes (iO.S dB):

Transmit filter —1Q-Offset [dB] — RF-Carrier-Suppression [dB]

rectangular 11 dB
Root raised cosine, ¢ =0.22 10 dB

Gaussian, ¢ =0.3 9dB
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IQ Impairments

1Q Offset

An 1Q-Offset indicates a carrier offset with fixed amplitude. This results in a constant shift of the 1Q
axes. The offset is normalized by the mean symbol power and displayed in dB.
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Gain Imbalance

An ideal 1/Q modulator amplifies the | and Q signal path by exactly the same degree. The imbalance
corresponds to the difference in amplification of the | and Q channel and therefore to the difference in
amplitude of the signal components. In the vector diagram, the length of the | vector changes relative to
the length of the Q vector.

The entry is displayed in dB and %, where 1 dB offset is roughly 12 % according to the following:
Imbalance [dB] = 20log ( | Gaing | / | Gain, |)

Positive values mean that the Q vector is amplified more than the | vector by the corresponding
percentage:
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Negative values mean that the | vector is amplified more than the Q vector by the corresponding
percentage:
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Quadrature Error

An ideal 1/Q modulator sets the phase angle to exactly 90 degrees. With a quadrature error, the phase
angle between the | and Q vector deviates from the ideal 90 degrees, the amplitudes of both
components are of the same size. In the vector diagram, the quadrature error causes the coordinate
system to shift.

A positive quadrature error means a phase angle greater than 90 degrees:
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A negative quadrature error means a phase angle less than 90 degrees:
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WiIiMAX, WiBro Measurements (Option K93)

This chapter describes measurement examples for the WIiMAX IEEE 802.16 OFDM, OFDMA
Measurements option (R&S FSL-K93) and gives details to signal processing. For further information on
measurement examples refer also to the Quick Start Guide, chapter 5 "Basic Measurement Examples".

Basic Measurement Example

This section provides step—by-step instructions for working through an ordinary measurement.

Test setup

In this example, a DUT using IEEE 802.16—2004 is used. The DUT is connected to the analyzer using
the RF input of the analyzer. The DUT generates a signal modulated using 16QAM 2/3.

Setting up the measurement

1. Activate the WIMAX mode (for details refer to chapter "Instrument Functions", section "Measurement
Mode Selection — MODE Key").

2. Press the Settings General/Demod softkey once to select and open the General Settings dialog
box.

General Settings

Signal Characteristics input Settings Advanced

Standard [EEE 802.16 - 2004 Auto Level time |100 ms
Freguency 3 GHz Hef Level
Channel Mo ) Attenuation

Frequency Band ETSI 3.410-4.200 GHz e

Channel BYY 1.75 MHz Sweap 10 [
Sampling Rate |2 MHz T
G = Ty/Th 1/4 A
g | RSS!, CINR ave. [0.01

evel Settings List Results Lnit|dB
Signal Level Auto Levlw -30 dBm
Ext Att [0 dB

Data Capture Settings

Capture Tirme 15 ms |
Burst Count

snaeepurts NN
Sweep Time Autow |2 5

Sweep Count |1 |

Trigger Settings

Trigger Mode Free Run
Trigger Offset
Power Level At Lyl

Advanced Settings |?

— Inthe Frequency field, enter the desired frequency to measure.

If a frequency is entered, which maps to a specific channel, the Channel No field updates.
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— Inthe Frequency Band field, select the signal to be analyzed. The target band is either one of
the bands given as example in the IEEE 802.16—-2004 standard?® or an unspecified band.

— In the Channel BW or Sampling Rate field depending on the characteristics of the signal to be
analyzed, select a value. The second parameter is derived from the first according to the

standard?.

— Inthe G = Tg/Tb field, select a useful time ratio according to the characteristics of the signal to
be analyzed.

— Under Level Settings, deactivate the Auto Lev option. In this example, the level detection
measurement is executed manually (for details see Performing the level detection).

3. Press the Settings General/Demod softkey twice to select and open the Demod Settings dialog
box.

Demod Settings

Burst To Analyze
Burst Type QFDb hd
Link Mode DL

Ise FCH Content
fod. Detection All
Demodulator G4 Q&30
Subchannelization | Index |16
LIL Phys. Modifier |0
Equal Burst Length
fin Data Symbols |1
Max Data Symbols 2425
Channel Estimation |Preamble

Tracking
Phase vy
Tirning [
Level [

— Inthe Link Mode field, select the link mode of the bursts to be analyzed.

— In the Demodulator field, select the used modulation scheme.

Performing the level detection
1. Connect the DUT to the RF input of the spectrum analyzer.

DUT RF Input
(front panel)

2. Start the level detection measurement by pressing the SWEEP hardkey and then the Auto Level
softkey.

During the level detection measurement the status message Running is displayed in the status bar
at the bottom of the screen.

After successful level detection, the status message Measurement Complete is displayed, the
signal level field for the selected input displays the detected signal level and the Magnitude Capture
Buffer (screen A) displays the zero span trace obtained during the measurement sequence.

3 B.3.2 Wireless MAN-OFDM/OFDMA PHY symbol and performance parameters.

4 8.3.2.2 Derived Parameter definitions
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Note: An automatic level detection can be performed in two ways:
Once by pressing the Auto Level softkey in the sweep menu.
At the start of each measurement sweep by activating the Auto Lev option in the General

settings dialog box under Level Settings.

Performing the main measurement

1. Select single sweep measurements by pressing the SWEEP hardkey and then the Run softkey to
select Single.

2. Start the measurement by pressing the RUN hardkey.
During the measurement, the status message Running is displayed.

Measurement results are updated once the measurement has completed. The results are displayed
in graphical form. The display can be toggled to a tabular list of measurement points by pressing
the Display Graph/List softkey (in the WiMAX/WiBro menu or trace menu).

Signal Processing of the IEEE 802.16-2004 OFDM
Measurement Application

Abbreviation Description

Nppr =256 FFT length

a, symbol from the alphabet at symbol—-index / of sub carrier k&
EVM, error vector magnitude of sub carrier k&

EVM error vector magnitude of current packet

g signal gain

Af frequency deviation between Tx and Rx

/
nof _symbols

symbol index [ =[1,nof Symbols]
number of symbols of payload

H, channel transfer function of sub carrier &

k channel index &k =[-128,127]

K. o modulation dependent normalization factor

& relative clock error of reference oscillator

Tk received symbol at symbol-index [ of sub carrier k&

Pilots = {88, —63, —38, —13, 13, 38, 63, 88}

This description gives a rough view of the IEEE 802.16-2004 OFDM measurement application signal
processing. Details are disregarded in order to get a concept overview.

A diagram of the interesting blocks is shown in Fig. 2—44. First the RF signal is down—converted to the
IF frequency f, = 20.4 MHz. The resulting IF signal r,.(¢) is shown on the left—-hand side of the figure.
After bandpass filtering, the signal is sampled by an Analog to Digital Converter (ADC) at a sampling
rate of f,=81.6 MHz. This digital sequence is resampled to the new sampling frequency of
f., =80 MHz which is a multiple of the Nyquist rate (20 MHz). The subsequent digital down—converter

shifts the IF signal to the complex base band. In the next step the base band signal is filtered by a FIR
filter. To get an idea, the rough transfer function is plotted in the figure. This filter fulfils two tasks: first it
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suppresses the IF image frequency, secondly it attenuates the aliasing frequency bands caused by the
subsequent down—sampling. After filtering, the sequence is sampled down by the factor of 4. Thus the
sampling rate of the down—sampled sequence r(i) is the Nyquist rate of f,, =20 MHz. Up to this point

the digital part is implemented in an ASIC.

@
e v

)
r‘(1)4>{ | | ADC ‘ |Rcsamplcr| é FIR nd
' i | | | |
J=sl6MHr 3 f+— System Shmpling Rate
THA(F) L2
-
f >
payload frequency FFT |’ . user defined | 2

measurcment

of

paramelers

I N . .
window compensation ) compensation
N=256
&
cstimation PN
of Nra dy,
pilot | dpe gain, [requency, time J N
B
sequenee !
channel
~ cslimation
Lull cslimale 13
—»

liming compensation data symbols

packet scarch: pilots + data

L 1.coarse liming e data

2finctiming | H,

SP

Fig. 2-44  Signal processing of the IEEE 802.16 OFDM measurement application

In the lower part of the figure the subsequent digital signal processing is shown. In the first block the
packet search is performed. This block detects the Short Preamble (SP) and recovers the timing. The
coarse timing is detected first. This search is implemented in the time domain. The algorithm is based
on cyclic repetition within the SP after N = N, /2 =128 samples. Note this cyclic repetition occurs also
in the Long Preamble (LP). Numerous treatises exist on this subject, e.g. [1]-[3]. Furthermore a coarse
estimate Afwmﬁ of the Rx—Tx frequency offset Af is derived from the metric in [6]. This can easily be
understood because the phase of »(i)-7 (i+ N) is determined by the mod 2n frequency offset. As the
frequency deviation Af" can exceed several bins (distance between neighbor sub—carriers) the SP is

further used to solve this n2x [offset over several bins] ambiguities.

After the coarse timing calculation the time estimate is improved by the fine timing calculation. This is
achieved by first estimating the coarse frequency response H'S"), with k =[-100,100] denoting the

channel index of the occupied sub-carriers. First the FFT of the SP is calculated. After the FFT
calculation the known symbol information of the SP sub—carriers is removed by dividing by the symbols.
The result is a coarse estimate I:Ik of the channel transfer function. In the next step the complex
channel impulse response is computed by an IFFT. Next the energy of the windowed impulse response
(the window size is equal to the guard period) is calculated for every trial time. Afterwards the trail time
of the maximum energy is detected. This trial time is used to adjust the timing.

Now the position of the SP is known and the starting point of the useful part of the first payload symbol
can be derived. In the next block this calculated time instant is used to position the payload window.
Only the payload part is windowed. This is sufficient because the payload is the only subject of the
subsequent measurements.

5 In this paper the hat generally describes an estimate. Example: X is the estimate of x.
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In the next block the windowed sequence is compensated by the coarse frequency estimate Af

coarse *
This is necessary because otherwise inter channel interference (ICl) would occur in the frequency
domain.

The transition to the frequency domain is achieved by an FFT of length 256. The FFT is performed
symbol-wise for every of the nof symbols symbols of the payload. The calculated FFTs are described

by 7, with
the symbol index [ =[1, nof _symbols ] and
the channel index £ =[-28,127].

In case of an additive white Gaussian noise (AWGN) channel the FFT is described by [4], [5]

j(phase/(commom)+phase/(1mmg))

e = Kood 4y -8 Hy e +ny,

(30)
with
the modulation—dependent normalization factor K,
the alphabet symbol ¢,, at symbol-index / of sub—carrier k
the gain g, at the symbol / in relation to the reference gain g =1 at the Short Preamble (SP)

the channel frequency response H, atthe Short Preamble (SP)

(common)

the common phase drift phase), of all sub—carriers at symbol / (see below)

(timing)

the phase phase;; of sub—carrier k& at symbol / caused by the timing drift (see below)
the independent Gaussian distributed noise samples 7,

The common phase drift in equation (29) is given by

(common) __ . . .
phase', =27-N,/N A, Tl + dy, (31)

with
N; =N, + N, being the number of Nyquist samples of the symbol period
N =N, =256 being the number of Nyquist samples of the useful part of the symbol
Af,,.. being the (not yet compensated) frequency deviation

dy, being the phase jitter at the symbol /

In general, the coarse frequency estimate Afj,um (see Fig. 2-44) is not error—free. Therefore the
remaining frequency error Af, , represents the not yet compensated frequency deviation in 7, .
Consequently the overall frequency deviation of the device under test (DUT) is calculated by
Af = Af’wm +Af,., - Remark: The only motivation for dividing the common phase drift in equation (11)

into two parts is to be able to calculate the overall frequency deviation of the DUT.

The reason for the phase jitter dy, in equation (11) may be different. The nonlinear part of the phase

jitter may be caused by the phase noise of the DUT oscillator. Another reason for nonlinear phase jitter
may be the increase of the DUT amplifier temperature at the beginning of the burst. Please note that
besides the nonlinear part the phase jitter dy, also contains a constant part. This constant part is

caused by the not yet compensated frequency deviation Af, . To understand this, please keep in mind

rest
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that the measurement of the phase starts at the first symbol /=1 of the payload. In contrast the channel
frequency response H, in equation (29) represents the channel at the Short Preamble of the preamble.

Consequently the not yet compensated frequency deviation Af,,, produces a phase drift between the

Short Preamble and the first symbol of the payload. Therefore this phase drift appears as a constant
value ("DC value") in dy, .

Referring to the IEEE 802.16-2004 measurement standard Chapter 8.3.10.1.2 "Transmitter
constellation error and test method" [6], the common phase drift phase' ™™ must be estimated and
compensated from the pilots. Therefore the "symbol wise phase tracking" (Tracking Phase) is activated
as the default setting of the R&S FSL-K93.

Furthermore the timing drift in equation (29) is given by

(timing) __ X £ L.
phase);™™ = 2z -N [N -& k-1 (32)

with & being the relative clock deviation of the reference oscillator. Normally a symbol-wise timing jitter

is negligible and thus not modeled in equation (32). There may be situations where the timing drift has
to be taken into account. This is illustrated by an example: In accordance to [6] the allowed clock
deviation of the DUT is up to & = +8 ppm. Furthermore the maximal length of a frame

nof _symbols = 2420 symbols® is assumed. From equations (29) and (32), it results that the phase drift
of the highest sub—carrier k=100 in the last symbol [ =nof symbols is to—do degrees. Even in the

noise—free case, this would lead to symbol errors. The example shows that it is actually necessary to
estimate and compensate the clock deviation, which is accomplished in the next block.

Referring to the IEEE 802.16—2004 measurement standard [6], the timing drift phase;,"™" is not part of
the requirements. Therefore the "time tracking" (Tracking Time) is not activated as the default setting of
the R&S FSL—K93.

The time tracking option should rather be seen as a powerful analyzing option.

In addition the tracking of the gain g, in equation (29) is supported for each symbol in relation to the
reference gain g =1 at the time instant of the Short Preamble (SP). At this time the coarse channel

transfer function I:I,ESP) is calculated. This makes sense since the sequence ', is compensated by the

coarse channel transfer function IQI,((SP) before estimating the symbols. Consequently a potential change

of the gain at the symbol / (caused, for example, by the increase of the DUT amplifier temperature)
may lead to symbol errors especially for a large symbol alphabet M of the MQAM transmission. In this
case the estimation and the subsequent compensation of the gain are useful.

Referring to the IEEE 802.16—-2004 measurement standard [6], the compensation of the gain g, is not
part of the requirements. Therefore the "gain tracking" (Tracking Gain) is not activated as the default
setting of the R&S FSL-K93.

The unknown deviations of gain, frequency and time are calculated by an optimum maximum likelihood
procedure, which works well even at low signal to noise ratios with the Cramer Rao Bound being
reached. After estimation of these parameters, the received signal is fully compensated for the decision
of the ideal reference signal a,, and compensated according to the user settings to get the

measurement signal 7',, . Then the measurement signal is equalized by the inverse channel transfer

function. According to the chosen setting, either the preamble estimation of the channel transfer
function or a data aided estimation using the ideal reference signal is used. According to the IEEE

802.16-2004 measurement standard [6], the coarse channel estimaton H*” (from the short

preamble) has to be used for equalization. Therefore the default setting of the R&S FSL-K93 is
equalization from the coarse channel estimate derived from the short preamble.

6 Assuming the maximal System Sampling Rate Fs = 32MHz.
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In the last block the measurement variables are calculated. The most important variable is the error
vector magnitude

nof _Symbols

EVM, = \/m Z |’"”1,k _Kmod'az,k|
= (33)

of the sub—carrier & of the current packet. Furthermore the packet error vector magnitude

2

100
_ | 2
EVM = |55 E EVM;
k=-100
(k= 0) (34)

is derived by averaging the squared EVM, versus k . Finally the average error vector magnitude

nof _packets

EVM = \/m Z EVM?(counter)
counter =1 (35)
is calculated by averaging the packet EVM of all nof packets detected packets. This parameter is

equivalent to the so—called "RMS average of all errors Error,," of the IEEE 802.16-2004
measurement commandment (see [6], Chapter 8.3.10.1.2).
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Analysis Steps

Preamble related result

Remark

Rough frequency estimation

In case of subchannelization, a rough frequency estimation is obtained by
exploiting the cyclic prefix of the OFDM symbols.

Preamble power

Preamble EVM

Uses payload channel estimation for equalization.

Frequency error vs. preamble

Phase error vs. preamble

Channel estimation

Used for equalizing

Payload related result

Remark

Fine frequency estimation

Estimation on pilots used for phase correction if 'Phase Tracking' is
selected. Phase tracking needs at least one pilot.

In case of subchannelization, the value shown in the result summary table
is estimated on pilots and data.

Clock offset estimation

Estimation on pilots used for timing correction if 'Timing Tracking' is
selected. Timing tracking needs at least two pilots.

In case of subchannelization, the value shown in the result summary table
is estimated on pilots and data.

1Q Offset

Power at spectral line 0 normalized to the total transmitted power.

Gain Imbalance

Estimation not available in case of subchannelization.

Quadrature Error

Estimation not available in case of subchannelization.

Payload channel estimation

Combined with the preamble channel estimation.

Burst related result

Remark

EVM All carriers
EVM Data carriers
EVM Pilot carriers

According to standard normalized to the average power of all 200 used
carriers.

Burst Power

Crest Factor

Subchannelization

Subchannelization can be used in uplink bursts to allocate only a subset of the available OFDM sub
carriers. The measurement software can distinguish between downlink bursts, uplink bursts without
subchannelization and uplink bursts with a selectable subchannel index. Thus it is possible to analyze
the complete WirelessMAN traffic with one capture buffer shot.
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Synchronization

The synchronization of uplink bursts using subchannelization is performed after the synchronization on
standard downlink and uplink preambles:

1. Synchronization of downlink and uplink bursts without subchannelization.

2. Pre—analysis of the bursts without subchannelization to determine their length.
3. Extraction of TX power areas without already detected bursts.

4. Synchronization of uplink bursts with the selected subchannel index.

In the following sections, the influence of subchannelization on results is discussed.

Channel Results

The standard requires an interpolation of order O for the channel estimation on unallocated sub carriers,
i.e. the estimated channel coefficient of the nearest allocated sub carrier shall be used for those sub
carriers not part of the allocated subchannels.

For the derived channel results like group delay or flatness difference, the unallocated carriers are not
taken into account.

IEEE 802.16 - 2004 Settings

General

Demod
creen B: Flatness

I Ca rier Displa
crex et po dﬂh
Tpper List

S Lower Pa

ectrum
Group Delay
Spectrum
i R | 1EEE |63
= i---”----- Spectrum

- ABS SR

-100 Carrier 20 Carrier/div 100 Carrier

More I

Fig. 245  Spectrum Flatness

Frequency and Clock Offset

The measurement software allows selectable compensation of phase, timing and gain errors based on
pilot estimations. However, in case of subchannelization the number of pilots is decreased. Bursts with
odd subchannel indices do not provide pilots at all. The following table lists the restrictions on the
tracking ability for subchannelization:
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Tracking Subchannel Index
16 (8 Pilots) 2,6, 10, 14, 18, 22, 26, 30 1,3,5,7,9, 11,13, 15,17, 19,
8, 24 (4 Pilots) (1 Pilot) 21, 23, 25, 27, 29, 31 (No
4,12, 20, 28 (2 Pilots) Pilot)

Phase Available Available Available, but uses rough
frequency offset estimation
from the synchronization step
only

Timing Available Not available Not available

Gain Available Available Not available

While the tracking functionality has to use pilot based estimates, the actual results for frequency and
clock offset in the result summary can be data aided. In case of subchannelization the final estimation
of frequency and clock offset is done using the already decided data sequence, which gives stable
results even without pilots.

EVM

The error vector magnitude of a single constellation point is defined by

| b -a o)

k=N yoq/2

>, |atof

Nused k==Nyeq/2
k#0

EVM(LK) =

where r(l,k) is the received constellation point and a(l, k) is the transmitted constellation point at the
1™ symbol and carrier number & .

In case of subchannelization, it is required by the standard to include the unallocated carriers %,,,,;,. by
assuming a(l, k )=0 in the denominator of the EVM calculation.

unalloc

Thus the EVM All Carriers result for one burst in the result summary equals

1 & 1 k=Nysea/2

> |tk -alk)

L3 Nused k=—Nye/2
k#0

EVM_All Carr=

1& 10 a2

where L is the number of symbols in the burst.
This definition is according to the relative constellation error defined in the IEEE 802.16—-2004 standard.

Using the equations above, the error power is normalized by the average transmitted power in all 200
carriers. Please notify, that by this definition the same absolute error power leads to different EVM
results depending on the number of allocated carriers in case of subchannelization.
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IQ Impairments

IQ imbalance in an OFDM transmitter or receiver leads to an interference of the symbols 4, , with the
symbols a,, . In case of subchannelization, the used sub carriers are always situated in such a way, that
a4 =0,if a;;, #0.There is no impact of IQ imbalance on the actually allocated carriers of a

subchannelization transmission. The effect can only be seen on the unallocated carriers and yields a
pattern around the origin of the constellation diagram.

K92 WIMAX IEEE 802.16 - 2004

Settings
: General

5 OFDM DL Burst  |Madulation: B4 A 4 Jata Symbo iz Demod
* Screen B: Constellation vs Symbol

Marker[1] @ -0.0768 1 6.4270

Error

Phase
Constell vs
carrier
Carrier

Selection
All

Fig. 246  Constellation vs Symbol

The unsymmetrical allocation of the sub carriers prevents a measurement of gain imbalance and
quadrature error in case of subchannelization. The influence of the occupied carriers a;, on the

unoccupied carriers a,_, could be measured, but there is no possibility to distinguish them from an
unknown channel coefficient.
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RSSI

See [6] section "8.3.9.2 RSSI mean and standard deviation". The Received Signal Strength Indication
[RSSI] is basically the preamble power. The result summary provides the RSSI statistics according to
the standard. A possible method to compute RSSI[k] at the antenna connector is given in [6] equation
(87). RSSI[K] is the RSSI measurement based on the k—th signal/preamble.

The RSSI statistics of the result summary is calculated as follows:

1. RSSI row:
Statistic {min, mean, max} of the R[k]=RSSI[k].
The mean value is fizgq 45, [K] according to [6] formula (89).

2. RSSI Standard Deviation row:
Grssrap according to [6] formula (91).

CINR

See [6] section "8.3.9.3 CINR mean and standard deviation". The result summary provides the Carrier
Interference Noise Ratio [CINR] statistics according to the standard. One possible method to estimate
the CINR of a single message is to compute the ratio of the sum of signal power and the sum of
residual error for each data sample, using equation [6] (92).

N-1
> Jsthonl’
n=0

CINR[k] =

T ON-l 5
> Jrlk,n1=stk, ]
n=0
with
rik,n] received/measured sample n within message k
s[k,n] corresponding  detected/reference sample (with channel state weighting)

corresponding to received symbol n

The CINR statistics of the result summary is calculated as follows:

1. CINR row:
Statistic {min, mean, max} of the CINR[K].
The mean value is fiqyg 45 [K] according to [6] formula (94).

2. CINR Standard Deviation row
Gemnrap according to [6] formula (96).
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Signal Processing of the IEEE802.16—-2005 OFDMA/WiBro
Measurement Application
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CFO
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CP

CPE

CTF

1303.6573.42

Description

data symbol (actual, decided)

residual carrier frequency offset

carrier frequency offset between transmitter and receiver (actual, coarse estimate)
relative sampling frequency offset

gain

channel transfer function (actual, estimate)

time index

timing estimate (coarse, fine)

subcarrier index (general, pilot, data, subchannel »)
OFDM symbol index

length of FFT

number of samples in cyclic prefix (guard interval)
number of Nyquist samples

number of subcarriers

subchannel index, subframe index

noise sample

common phase error

I/Q imbalance (actual, estimate)

received sample in the time domain

received sample (uncompensated, fully compensated, partially compensated,
equalized) in the frequency domain

useful symbol time
guard time

symbol time

Description

additive white Gaussian noise

bit error rate

carrier frequency offset

carrier to interference and noise ratio
channel impulse response

cyclic prefix (guard interval)

common phase error

channel transfer function
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DL
EVM
FFT

ISI
OFDM
OFDMA
PAPR
RSSI
SFO

UL

Introduction

downlink

error vector magnitude

fast Fourier transformation

intermediate frequency

intersymbol interference

orthogonal frequency division multiplexing
orthogonal frequency division multiple access
peak to average power ratio

received signal strength indicator

sampling frequency offset

uplink

The following description provides a brief overview of the digital signal processing used in the IEEE
802.16 OFDMA measurement application.

From the received IF signal as the point of origin to the actual analysis results like EVM or CINR, the
digital signal processing can be divided into four major groups:

Analysis

Data capturing
Synchronization
Channel estimation / equalization ; OFDMA measurement application

The description of the IEEE802.16—2005 OFDMA/WiBro measurement signal processing is structured

accordingly.
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Signal Processing Block Diagram

- window & window ¥ ; > Mgl ==
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L fine timing
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gain ‘l
user defined ik . ik
N o equalizer
compensation

Fig. 2-47  Signal processing of the IEEE 802.16 OFDMA measurement application

The block diagram in Fig. 2-47 shows the OFDMA measurement application from the capture buffer
containing the I/Q data to the actual analysis block. Outcome of the fully compensated reference path
(green) are the estimates g,, of the transmitted data symbols «,,. Depending on the user defined
compensation, the received samples 7", of the measurement path (orange) still contain the transmitted
signal impairments of interest. The analysis block reveals these impairments by comparing the
reference and the measurement path. Prior to the analysis, diverse synchronization and channel
estimation tasks have to be accomplished.

Synchronization

The first of the synchronization tasks is to detect areas of sufficient power within the captured 1/Q data
stream. The subframe detection block determines the beginning and end of each subframe and
coarsely estimates both timing and carrier frequency offset. The fine timing block prior to the FFT allows
a timing improvement using a level-based search for the beginning and end of the coarsely estimated
channel impulse response. In the DL the coarse estimate of the CIR can be directly obtained from the
preamble. Other than that the UL consists only of payload information with scattered pilots in the
subcarrier—-symbol plane, thus several OFDM symbols have to be observed to get a reliable estimate of
the CIR. Since the OFDM symbols need to be phase synchronized prior to the channel estimation, the
blue blocks in Fig. 2-47 have to be carried out twice. In the first iteration the timing estimate i is
used to position the window of the FFT. Having found the pilot-based estimate of the CIR, the fine
timing estimate 7, is used in the second iteration.

After the time to frequency transformation by an FFT of length N..,, the tracking estimation block is
used to estimate the following:

relative sampling frequency offset ¢

residual carrier frequency offset Af,
common phase error @,

gain g,
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Corresponding to [3] and [4], the uncompensated samples 7, can be expressed as

rl,k = gl .al,k .Hl,k ﬂ . ejZ”'N</NFFT'¢'k'1 . ejz”'Ns/NFFT'Afres'T'l +nl,k (36)
CPE SFO res. CFO
with
e data symbol a,, on subcarrier k& at OFDM symbol /
e channel transfer function H,,
e number of Nyquist samples N_ within the symbol time T,
e useful symbol time 7 =T, -7,

e independent and Gaussian distributed noise sample #, ,

Within one OFDM symbol both the CPE and the residual CFO respectively cause the same phase
rotation for each subcarrier, while the rotation due to the SFO linearly depends on the subcarrier index.
A linear phase increase in symbol direction can be observed for the residual CFO as well as the SFO.

The results of the tracking estimation block are used to compensate the samples 7 ,. While a full
compensation is performed in the reference path, the signal impairments that are of interest to the user
are left uncompensated in the measurement path.

Channel Estimation / Equalization

According to Fig. 2-47, there are two coarse and one fine channel estimation blocks. Which of the two
coarse estimation blocks is used depends on the link direction. For DL subframes the coarse channel
estimation is based on the preamble and directly follows the coarse frequency compensation block. The
pilot-based estimation for UL subframes is tapped behind the full compensation block of the reference
path. Both of the coarse estimation blocks use available training symbols to determine initial estimates
H,, of the channel transfer function at fixed positions in the subcarrier—symbol plane. Based on these
nodes, the missing CTF values are obtained by interpolation in both time and frequency direction. The
coarse estimation results are used for the above mentioned fine timing and to equalize the samples 7/,
of the reference path prior to symbol decision. Based on the decided data symbols, a fine channel
estimation is performed and then used to equalize the partially compensated samples of the
measurement path.

Analysis

The analysis block of the OFDMA measurement application allows to calculate a variety of
measurement variables.

EVM

The most important variable is the error vector magnitude (EVM).

" ~
Tk — Qg

EVM,, = (37)

a i

on subcarrier k£ at OFDM symbol /. The subsequent average values can be derived from (37).
1. EVM of subchannel » at OFDM symbol /:

f 1
EVMI,subchannel n= N_Z EVMlz,kch” (38)
s¢ Kenn

2. EVM of all pilot subcarriers:

1
EVMpilots = \/N_Z Z EVMlz,kp (39)
sc |k
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3. EVM of all data subcarriers:

EVM 4, = \/NLZZ EVMlz,kd (40)
so I kg

4. EVM of all used subcarriers:

EVM,, = \/Nl Z{z EVM} +ZEVMfkd (41)
sc kd

1

The number of subcarriers respectively taken into account is denoted by N .

CINR

The carrier to interference and noise ratio is determined for each subframe n. The computation is
based on the partially compensated samples 1, , the decided symbols g, ,, and the channel estimates
H, (DL: preamble and fine; UL: fine).
ZZMM 'I:Ik |2

CINR(n) = (42)
ZZ | ”1 ‘11 .
Further CINR statistics are defined in the standards [5], [6].
. CINR(0) n=0
Heng (n) = A
(1 - aavg) : /uC[NR (n - 1) + aavg. CINR(”) n> 0

~ (dB)

A (n) =10-10g L1y (n) dB
(43)
) CINR*(0) n=0
Xepwg (1) = 2
(l-a,) x UNR (n=D+a,, CINR (n) n>0

avg

O-gi)r{ (n)=5-log ('xClNR (n)— /uCINR (n))dB

RSSI

The received signal strength indicator is determined for each subframe ». The computation is based on
the time domain samples (i) extracted by the subframe detection block.
RSSI(n)~|r(@) |’ (44)

Further RSSI statistics are defined in the standard [5], [6].

. RSSI(0) n=0

Hrssi (1) = A

(1 - aavg) : /uRSSI (l’l - 1) + aavg. RSSI(”) n> 0
IL’}I({dSBS)I (n)=10-log /&RSSI (n)dB
(45)

Az RSSI*(0) n=0
Xrss (1) =
(-a,,) Xpss (n =1+, RSSI*(n) n>0

avg

4 (dB)

Orsar (1) = 5108 (Xggq (1) = flggs (1)) dB
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1/Q Imbalance

The 1/Q imbalance estimation block allows to evaluate the

modulator gain balance =|1+ AQ | (46)

and the

quadrature mismatch = arg {1+ AQ} (47)

respectively based on the block's estimate AQ.

Other Measurement Variables

Without going into detail, the OFDMA measurement application additionally provides the following
results:

Burst power
Constellation diagram
Group delay

I/Q offset

PAPR

Pilot BER

Spectral flatness
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3 Instrument Functions

This chapter describes the analyzer functions of the R&S ZVL-K1 option in detail. For the basic settings
functions please refer to the NWA Help System, chapter "GUI Reference".

For every key a table is provided in which all submenus and corresponding commands are listed. The
description of the submenus and commands follows the order of the table. The commands for the
optional remote control (if any) are indicated for each softkey. The description is divided into the
following topics:

e "Measurement Parameters" on page 3.2

This section describes how to reset the instrument, to set up specific measurements and to set the
measurement parameters. Examples of basic operations are provided in the Quick Start Guide,
chapter 5 "Basic Measurement Examples". Advanced examples are described in chapter
"Advanced Measurement Examples".

e "Measurement Functions" on page 3.41

This section informs about how to select and configure the measurement functions. Examples are
described in chapter "Advanced Measurement Examples".

e "Measurement Modes" on page 3.91

This section describes the provided measurement modes, the change of measurement modes and
the access to the menus of all active measurement modes.

e "Options" on page 3.91

This section informs about optional functions and their application that are included in the basic unit
configuration.

More basic information on operation is given in the introductory chapters of the NWA Help System.
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R&S ZVL-K1

Measurement Parameters

In this section all menus necessary for setting measurement parameters are described. This includes
the following topics and keys. For details on changing the mode refer to "Measurement Mode Selection
— MODE Key" on page 3.92.

e "Initializing the Configuration — PRESET Key" on page 3.3

e "Selecting the Frequency and Span — CENTER Key" on page 3.5

e "Setting the Frequency Span — SPAN Key" on page 3.10
e "Setting the Level Display and Configuring the RF Input — AMPT Key" on page 3.12
e "Setting the Bandwidths and Sweep Time — PWR BW Key" on page 3.15

e "Configuring the Sweep Mode — SWEEP Key" on page 3.20

e "Triggering the Sweep — TRIG Key" on page 3.23
e "Setting Traces — TRACE Key" on page 3.31

Table 3—1: Sweep range variables

Abbreviation Definition R&S FSL3 R&S FSL6
value value
fnax max. frequency 3 GHz 6 GHz
frnin min. frequency available 0 Hz 0 Hz
Spanmin smallest selectable span > 0 Hz 10 Hz 10 Hz
1303.6573.42 3.2
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Initializing the Configuration — PRESET Key

The PRESET key resets the instrument to the default setting and therefore provides a defined initial
state as a known starting point for measurements.

Note: If the LOCAL LOCKOUT function is active in the remote control mode, the PRESET key is
disabled.

Further information

"Initial configuration" on page 3.3

Task

— To preset the instrument

To preset the instrument
1. Define the data set for the preset:

— To retrieve the originally provided settings file (see Initial configuration), in the file menu,
deactivate the Startup Recall softkey.

— To retrieve a customized settings file, in the file menu, activate the Startup Recall softkey,
press the Startup Recall Setup softkey, and select the corresponding file.

2. Press the PRESET key to trigger a preset.

= Remote: *RST or SYSTem: PRESet

Note: In order to save the current settings after reboot of the instrument, create a shutdown file by
switching the analyzer in the standby mode (press the On/Off key on the FRONT panel and
wait until the yellow LED is ON). With the battery pack option, use a USB keyboard and
terminate the analyzer firmware with ALT+F4 to create the shutdown file.

Initial configuration

The initial configuration is selected in a way that the RF input is always protected against overload,
provided that the applied signal levels are in the allowed range for the instrument.

The parameter set of the initial configuration can be customized by using the Startup Recall softkey in
the file menu.
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Table 3-2: Initial configuration

Parameter Settings
mode Spectrum Analyzer
center frequency fnax / 2

center frequency step size

0.1 * center frequency

span 3 GHz /6 GHz
(R&S FSL3/6)

RF attenuation auto (0 dB)

reference level —20 dBm

level range 100 dB log

level unit dBm

sweep time auto

resolution bandwidth

auto (3 MHz)

video bandwidth

auto (10 MHz)

FFT filters off
span / RBW 50
RBW / VBW 0.33
sweep cont
trigger free run
trace 1 clr write
trace 2/3/4/5/6 blank
detector auto peak
frequency offset 0 Hz
reference level offset 0dB
reference level position 100 %
grid abs

cal correction on
noise source off
input RF

1303.6573.42
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Selecting the Frequency and Span — CENTER Key

The CENTER key is used to specify the frequency axis, and to set the frequency offset and the signal
track function. The frequency axis can be specified either by the start and stop frequency or by the
center frequency and the span.

To open the frequency menu
» Press the CENTER key.

The frequency menu is displayed. The Frequency Center edit dialog box is displayed.

Menu and softkey description
"Softkeys of the frequency menu" on page 3.6

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Tasks

To specify the frequency axis by the start and stop frequency

To specify the frequency axis by the center frequency and the span

To specify the step size for the arrow keys and the rotary knob

To modify the frequency axis by an offset

To track signals (only possible if span >0)

To specify the frequency axis by the start and stop frequency
1. Press the Start softkey and enter a start frequency.

2. Press the Stop softkey and enter a stop frequency.

To specify the frequency axis by the center frequency and the span
1. Press the CENTER key and enter a center frequency in the Frequency Center edit dialog box.

2. Press the SPAN key and enter the bandwidth you want to analyze.

Note: Entering a value of 0 Hz will cause a change to the zero span analysis mode.

To specify the step size for the arrow keys and the rotary knob
1. Press the CF Stepsize softkey.

The softkeys are displayed according to the selected frequency span (zero span or span > 0).
2. To define the step size of the center frequency:

— Only if span > 0: Press 0.1*Span, 0.5*Span or x*Span to define the step size for the center
frequency as percentage of the span.

— Only if span = 0: Press 0.1*RBW, 0.5*RBW or x*RBW to define the step size for the center
frequency as percentage of the resolution bandwidth.
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— Press the =Center softkey to set the step size to the value of the center frequency and to
remove the dependency of the step size to span or resolution bandwidth.

— Press the =Marker softkey to set the step size to the value of the marker and to remove the
dependency of the step size to span or resolution bandwidth.

— Press the Manual softkey and enter a fixed step size for the center frequency.

Note: The step size assigned to arrow keys corresponds to the selected value; the step size of the

rotary knob is 1/10 of it.

To modify the frequency axis by an offset

» Press the Frequency Offset softkey and enter the offset to shift the displayed frequency span.

To track signals (only possible if span >0)

1.

o &~ 0D

Press the Signal Track softkey.

The softkeys of this submenu are displayed to start and stop signal tracking with specified
parameters.

Press the Track On/Off softkey to switch signal tracking on or off.
Press the Track BW softkey and enter a bandwidth for signal tracking.
Press the Track Threshold softkey and enter the threshold for signal tracking.

Press the Select Trace softkey and select the trace for signal tracking.

Softkeys of the frequency menu

The following table shows all softkeys available in the frequency menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command

Center

Start

Stop

CF Stepsize ¥ 0.1*Span/0.1*RBW
0.5*Span/0.5* RBW
x*Span/x*RBW
=Center
=Marker
Manual

Frequency Offset

Signal Track ¥ Track On/Off
Track BW
Track Threshold

Select Trace
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Center

Opens an edit dialog box to enter the center frequency. The allowed range of values for the
center frequency depends on the frequency span.

span > 0: spanyn/ 2 < feenter < frax — SP@Nmin / 2
span = 0: 0 Hz < foonter < Frnax

fmax @and spany,, are specified in the data sheet. To help analyze signals located at the end of the
frequency range, the f,. value is extended by 0.05 GHz for direct entry via the key pad. The
preset and full span values remain unchanged.

= Remote: FREQ:CENT 100MHz

Start

Opens an edit dialog box to define the start frequency. The following range of values is allowed:
fmin < fstan < fmax_ Spanmin

fmin, fmax @nd spang,n are specified in the data sheet. To help analyze signals located at the end of
the frequency range, the f,,,, value is extended by 0.05 GHz for direct entry via the key pad. The
preset and full span values remain unchanged.

= Remote: FREQ:STAR 20MHz

Stop

Opens an edit dialog box to define the stop frequency. The following range of values for the stop
frequency is allowed:

fmin + Spanmin < fstop < fmax

fmin, fmax @nd span,, are specified in the data sheet. To help analyze signals located at the end of
the frequency range, the f,,,, value is extended by 0.05 GHz for direct entry via the key pad. The
preset and full span values remain unchanged.

= Remote: FREQ:STOP 2000MHz

CF Stepsize

Opens a submenu to set the step size of the center frequency. In addition to the =Center,
=Marker and Manual softkeys, the other softkeys are displayed depending on the selected
frequency span.

The step size can be coupled to the span (span > 0) or the resolution bandwidth (span = 0) or it
can be manually set to a fixed value.

0.1*Span (span > 0)

Sets the step size for the center frequency to 10% of the span.

= Remote: FREQ:CENT: STEP:LINK SPAN
= Remote: FREQ:CENT: STEP: LINK:FACT 10PCT
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0.1*RBW (zero span)

Sets the step size for the center frequency to 10% of the resolution bandwidth. This is the
default setting.

= Remote: FREQ:CENT: STEP: LINK RBW
= Remote: FREQ:CENT: STEP: LINK:FACT 10PCT

0.5*Span (span > 0)

Sets the step size for the center frequency to 50% of the span.

= Remote: FREQ:CENT: STEP:LINK SPAN
= Remote: FREQ:CENT: STEP: LINK:FACT 50PCT

0.5*RBW (zero span)

Sets the step size for the center frequency to 50% of the resolution bandwidth.

= Remote: FREQ:CENT:STEP: LINK RBW
= Remote: FREQ:CENT:STEP: LINK:FACT 50PCT

x*Span (span > 0)

Opens an edit dialog box to set the step size for the center frequency as % of the span.

= Remote: FREQ:CENT:STEP: LINK SPAN
= Remote: FREQ:CENT:STEP: LINK:FACT 20PCT

x*RBW (zero span)

Opens an edit dialog box to set the step size for the center frequency as % of the resolution
bandwidth. Values between 1 and 100% in steps of 1% are allowed. The default setting is 10%.

= Remote: FREQ:CENT: STEP: LINK RBW
= Remote: FREQ:CENT: STEP: LINK:FACT 20PCT

=Center

Sets the step size to the value of the center frequency and removes the coupling of the step size
to span or resolution bandwidth. This function is especially useful during measurements of the
signal harmonic content because by entering the center frequency each stroke of the arrow key
selects the center frequency of another harmonic.

=Marker

Sets the step size to the value of the current marker and removes the coupling of the step size
to span or resolution bandwidth. This function is especially useful during measurements of the
signal harmonic content at the marker position because by entering the center frequency each
stroke of the arrow key selects the center frequency of another harmonic.
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Manual

Opens an edit dialog box to enter a fixed step size for the center frequency.

= Remote: FREQ:CENT:STEP 120MHz

Frequency Offset

Opens an edit dialog box to enter a frequency offset that shifts the displayed frequency range by
the specified offset. The allowed values range from —100 GHz to 100 GHz. The default setting is
0 Hz.

= Remote: FREQ:OFFS 10 MHz

Signal Track (span > 0)

Opens a submenu to modify the parameters for signal tracking: search bandwidth, threshold
value and trace.

The search bandwidth and the threshold value are shown in the diagram by two vertical lines
and one horizontal line, which are labeled as TRK. After each sweep the center frequency is set
to the maximum signal found within the searched bandwidth. If no maximum signal above the
set threshold value is found in the searched bandwidth, the track mechanism stops.

= Remote: CALC:MARK:FUNC:STR OFF

Track On/Off (span > 0)

Switches the signal tracking on or off.

= Remote: CALC:MARK:FUNC:STR OFF

Track BW (span > 0)

Opens an edit dialog box to set the search bandwidth for signal tracking. The frequency range is
calculated as a function of the center frequency.

= Remote: CALC:MARK: FUNC:STR:BAND 1MHZ

Track Threshold (span > 0)

Opens an edit dialog box to set the threshold value for signal tracking.

= Remote: CALC:MARK: FUNC:STR:THR —-70DBM

Select Trace (span > 0)

Opens an edit dialog box to select the trace on which the signal is tracked.

= Remote: CALC:MARK: FUNC:STR:TRAC 1
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Setting the Frequency Span — SPAN Key

The SPAN key is used to set the frequency span to be analyzed.

To open the span menu
» Press the SPAN key.

The span menu is displayed. For span > 0 an edit dialog box to enter the frequency is displayed.
For zero span, an edit dialog box to enter the sweep time is displayed.

Menu and softkey description
"Softkeys of the span menu" on page 3.10

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Task

— To specify the span (alternatives)

To specify the span (alternatives)
1. To set the span, use the Span Manual, Full Span, Zero Span and Last Span softkeys.
2. To define a frequency range, use the Start and Stop softkeys.

3. For zero span, press the Sweeptime Manual softkey and enter a sweep time.

Softkeys of the span menu

The following table shows all softkeys available in the span menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Command

Span Manual

Sweeptime Manual
Start
Stop

Full Span

Zero Span

Last Span

Span Manual

Opens an edit dialog box to enter the frequency span. The center frequency is kept constant.
The following range is allowed:

span =0:0Hz

span >0: spanmi; < fspan < frax
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fmax @and spany,, are specified in the data sheet. To help analyze signals located at the end of the
frequency range, the f,, value is extended by 0.05 GHz for direct entry via the key pad. The
preset and full span values remain unchanged.

= Remote: FREQ: SPAN 2GHz

Start

Opens an edit dialog box to enter the start frequency. For details see Start softkey in the
frequency menu.

= Remote: FREQ: STAR 20MHz

Stop

Opens an edit dialog box to enter the stop frequency. For details see Stop softkey in the
frequency menu.

= Remote: FREQ:STOP 2000MHz

Full Span

Sets the span to the full frequency range of the R&S FSL, useful for overview measurements.

= Remote: FREQ: SPAN: FULL

Zero Span

Sets the span to 0 Hz (zero span). The x—axis becomes the time axis with the grid lines
corresponding to 1/10 of the current sweep time (SWT).

= Remote: FREQ:SPAN 0OHz

Last Span

Sets the span to the previous value. With this function e.g. a fast change between overview
measurement and detailed measurement is possible.
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Setting the Level Display and Configuring the RF Input —
AMPT Key

The AMPT key (also called SCALE key) is used to set the reference level, the level range and unit, the
scaling and the RF attenuation.

To open the amplitude menu
> Press the AMPT key.

The amplitude menu is displayed. The Reference Level dialog box is displayed.

Menu and softkey description
"Softkeys of the amplitude menu" on page 3.12

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Task
— To specify the amplitude

To specify the amplitude

1. Set the reference level, offset and position, using the Ref Level, Ref Level Offset and Ref Level
Position softkeys.

Select the level range and the unit for the level axis, using the Range Log and Unit softkeys.
Set the scaling, using the Range Linear and/or Grid Abs / Rel softkeys.
Set the attenuation, using the RF Atten Manual or RF Atten Auto softkeys.

Softkeys of the amplitude menu

The following table shows all softkeys available in the amplitude menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

Command

Ref Level

Range Log

Range Linear
Preamp On/Off
RF Atten Manual
RF Atten Auto

More V¥
Ref Level Offset

Ref Level Position
Grid Abs / Rel
Unit

Input 50 Q /75 Q
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Ref Level

Opens an edit dialog box to enter the reference level in the currently active unit (dBm, dBuV,
etc).

The reference level value is the maximum value the AD converter can handle without distortion
of the measured value. Signal levels above this value will not be measured correctly, which is
indicated by the IFOVL status display.

= Remote: DISP:TRAC:Y:RLEV -60dBm

Range Log

Opens the Range Log dialog box to select a value for the level range.

= Remote: DISP: TRAC:Y:SPAC LOG
= Remote: DISP:TRAC:Y 120DB

Range Linear

Opens the Range Linear dialog box to select a value for the level range.

= Remote: DISP: TRAC:Y:SPAC LIN | LDB

Preamp On/Off (option RF Preamplifier, B22)

Switches the preamplifier on or off.

= Remote: INP:GAIN:STAT ON

RF Atten Manual

Opens an edit dialog box to enter the attenuation, irrespective of the reference level.

The attenuation can be set in 5 dB steps. The range is specified in the data sheet. If the defined
reference level cannot be set for the set RF attenuation, the reference level will be adjusted
accordingly.

The RF attenuation defines the level at the input mixer according to the formula:
levelnixer = levelin,, — RF attenuation

The maximum mixer level allowed is —10 dBm. Mixer levels above this value may lead to
incorrect measurement results, which are indicated by the OVLD status display.

= Remote: INP:ATT 30 DB

RF Atten Auto

Sets the RF attenuation automatically as a function of the selected reference level. This ensures
that the optimum RF attenuation is always used. It is the default setting.

= Remote: INP:ATT:AUTO ON
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Ref Level Offset

Opens an edit dialog box to enter the arithmetic level offset. This offset is added to the
measured level irrespective of the selected unit. The scaling of the y—axis is changed
accordingly. The setting range is 200 dB in 0.1 dB steps.

= Remote: DISP:WIND:TRAC:Y:RLEV:0FFS —-10dB

Ref Level Position

Opens an edit dialog box to enter the reference level position, i.e. the position of the maximum
AD converter value on the level axis. The setting range is from —200 to +200%, 0%
corresponding to the lower and 100% to the upper limit of the diagram.

= Remote: DISP:WIND:TRAC:Y:RPOS 100PCT

Grid Abs / Rel (not available with Range Linear)

Switches between absolute and relative scaling of the level axis.

Absolute scaling The labeling of the level lines refers to the absolute value of the
reference level. Absolute scaling is the default setting.
Relative scaling The upper line of the grid is always at 0 dB. The scaling is in dB

whereas the reference level is always in the set unit (for details on unit
settings see Unit softkey).

= Remote: DISP:WIND:TRAC:Y:MODE ABS

Unit

Opens the Unit dialog box to select the unit for the level axis. The default setting is dBm. If a
transducer is switched on, the softkey is not available.

In general, the spectrum analyzer measures the signal voltage at the RF input. The level display
is calibrated in RMS values of an unmodulated sinewave signal. In the default state, the level is
displayed at a power of 1 mW (= dBm). Via the known input impedance (50 Q or 75 Q),
conversion to other units is possible. The units dBm, dBmV, dBpV, V and W are directly
convertible.

= Remote: CALC:UNIT:POW DBM

Input 50 Q /75 Q

Uses 50 Q or 75 Q as reference impedance for the measured levels. Default setting is 50 Q .
= Changes the reference impedance for the measured levels

The setting 75 Q should be selected, if the 50 Q input impedance is transformed to a higher
impedance using a 75 Q adapter of the RAZ type (= 25 Q in series to the input impedance of the
instrument). The correction value in this case is 1.76 dB = 10 log ( 75 Q /50 Q).

All levels specified in this Operating Manual refer to the default setting of the instrument (50 Q).

= Remote: INP:IMP 500HM
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Setting the Bandwidths and Sweep Time — PWR BW Key

The PWR BW key is used to set the resolution bandwidth, video bandwidth (VBW) and sweep time
(SWT). The values available for resolution bandwidth and video bandwidth depend on the selected filter
type. For details on channel filters see also "List of available RRC and channel filters" on page 3.16.

To open the bandwidth menu
» Press the PWR BW key.
The bandwidth menu is displayed.

Menu and softkey description
"Softkeys of the bandwidth menu" on page 3.17

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

"List of available RRC and channel filters" on page 3.16

Tasks
— To specify the bandwidth

— To choose the appropriate filter type

To specify the bandwidth

1. Set the resolution bandwidth using the Res BW Manual or Res BW Auto softkey.
2. Set the video bandwidth using the Video BW Manual or Video BW Auto softkey.
3. Set the sweep time using the Sweeptime Manual or Sweeptime Auto softkey.
4

Press the Filter Type softkey and select the appropriate filters.

To choose the appropriate filter type

Analog and digital filters are used. All resolution bandwidths up to 3 MHz are realized using digital
band-passes. As far as the attenuation characteristic is concerned they behave like analog filters but
have a much higher measurement speed than comparable analog filters. This is due to the fact that the
transient response can be compensated as a result of an accurately defined filter behavior.

Note: Due to the LO feedthrough the overload display (OVLD) responds for digital filters if the
following combinations are set:
RBW < 100 kHz and start frequency < 6 * resolution bandwidth, or
RBW = 100 kHz and start frequency < 3 MHz.

With option Narrow IF Filters, R&S FSL-B7, the range is enlarged (for details refer to the data sheet).

The video filters serve for smoothing the displayed trace. Using video bandwidths that are small
compared to the resolution bandwidth, only the signal average is displayed and noise peaks and pulsed
signals are repressed. If pulsed signals are to be measured, it is recommended to use a video
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bandwidth that is large compared to the resolution bandwidth (VBW * 10 x RBW) for the amplitudes of
pulses to be measured correcitly.

The following filter types are available:

Gaussian filters

The Gaussian filters are set by default. The available bandwidths are specified in the data sheet.
EMI (6dB) filters

The available bandwidths are specified in the data sheet.

FFT filters

The available bandwidths are specified in the data sheet.

The FFT algorithm offers considerably higher measurement speeds with all the other settings
remaining the same. The reason is that for analog filters the sweep time required for a particular
span is proportional to (span/RBWZ). When using the FFT algorithm, however, the sweep time is
proportional to (span/RBW).

FFT filters are particularly suitable for stationary signals (sinusoidal signals or signals that are
continuously modulated in time). For burst signals (TDMA) or pulsed signals, normal filters are
preferable. When the tracking generator is used as signal source for the DUT, filtering with the FFT
algorithm is not useful. The FFT option is thus not available if the tracking generator is switched on.

If the FFT filters are activated, the sweep time display (SWT) is replaced by the acquisition time
(AQT) display. The sweep time is defined by the selected bandwidth and span, and cannot be
changed. The video bandwidth is not defined and therefore cannot be set.

The sample detector and the peak detector are available. If the Detector Auto Select softkey in the
trace menu is activated, the peak detector is selected.

channel filters
details see "List of available RRC and channel filters"
RRC filters

details see "List of available RRC and channel filters"

List of available RRC and channel filters

For power measurement a number of especially steep—edged channel filters are available (see the
following table).

For filters of type RRC (Root Raised Cosine), the filter bandwidth indicated describes the sampling rate
of the filter. For all other filters (CFILter) the filter bandwidth is the 3 dB bandwidth.

Table 3-3: Filter types

Filter Bandwidth Filter Application
Type

100 Hz (R&S FSL-B7 only) CFlLter

200 Hz (R&S FSL-B7 only) CFlLter A0

300 Hz CFlLter

500 Hz CFILter

1 kHz CFlLter

1.5 kHz CFlLter

2 kHz CFlLter

2.4 kHz CFlLter SSB

2.7 kHz CFlLter
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Filter Bandwidth Filter Application
Type
3 kHz CFILter
3.4 kHz CFILter
4 kHz CFILter DAB, Satelite
4.5 kHz CFILter
5 kHz CFILter
6 kHz CFILter
8.5 kHz CFILter ETS300 113 (12.5 kHz channels)
9 kHz CFILter AM Radio
10 kHz CFILter
12.5 kHz CFILter CDMAone
14 kHz CFILter ETS300 113 (20 kHz channels)
15 kHz CFILter
16 kHz CFILter ETS300 113 (25 kHz channels)
18 kHz, =0.35 RRC TETRA
20 kHz CFILter
21 kHz CFlLter PDC
24.3 kHz, 0=0.35 RRC IS 136
25 kHz CFILter
30 kHz CFILter CDPD, CDMAone
50 kHz CFILter
100 kHz CFILter
150 kHz CFILter FM Radio
192 kHz CFILter PHS
200 kHz CFILter
300 kHz CFILter
500 kHz CFlLter J.83 (8-VSB DVB, USA)
1 MHz CFlLter CDMAone
1.228 MHz CFlLter CDMAone
1.28 MHz RRC
1.5 MHz CFILter DAB
2 MHz CFlLter
3 MHz CFlLter
3.84 MHz, 0=0.22 RRC W-CDMA 3GPP
4.096 MHz, 0=0.22 RRC W-CDMA NTT DOCoMo
5 MHz CFILter

Softkeys of the bandwidth menu

The following table shows all softkeys available in the bandwidth menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

Command

Res BW Manual
Res BW Auto
Video BW Manual
Video BW Auto

Sweeptime Manual
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Command

Sweeptime Auto

Filter Type

Res BW Manual

Opens an edit dialog box to enter a value for the resolution bandwidth. The available resolution
bandwidths are specified in the data sheet. For details on the correlation between resolution
bandwidth and filter type refer to "To choose the appropriate filter type" on page 3.15.

Numeric input is always rounded to the nearest possible bandwidth. For rotary knob or
UP/DNARROW key inputs, the bandwidth is adjusted in steps either upwards or downwards.

The manual input mode of the resolution bandwidth is indicated by a green asterisk (*) at the
RBW display.

= Remote: BAND:AUTO OFF
= Remote: BAND 1MHz

Res BW Auto (span > 0)

Couples the resolution bandwidth to the selected span. If the span is changed, the resolution
bandwidth is automatically adjusted.

This setting is recommended, if a favorable setting of the resolution bandwidth in relation to the
selected span is desired.

= Remote: BAND:AUTO ON

Video BW Manual (not available for FFT filter)

Opens an edit dialog box to enter the video bandwidth. The available video bandwidths are
specified in the data sheet.

Numeric input is always rounded to the nearest possible bandwidth. For rotary knob or
UP/DOWN key inputs, the bandwidth is adjusted in steps either upwards or downwards.

The manual input mode of the video bandwidth is indicated by a green asterisk (*) at the VBW
display.

= Remote: BAND:VID:AUTO OFF
= Remote: BAND:VID 10 kHz

Video BW Auto (not available for FFT filter)

Couples the video bandwidth to the resolution bandwidth. If the resolution bandwidth is changed,
the video bandwidth is automatically adjusted.

This setting is recommended, if a minimum sweep time is required for a selected resolution
bandwidth. Narrow video bandwidths require longer sweep times due to the longer settling time.
Wide bandwidths reduce the signal/noise ratio.

= Remote: BAND:VID:AUTO ON
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Sweeptime Manual (not available for FFT filter)

Opens an edit dialog box to enter the sweep time.

Sweep time Option TV Trigger, B6
(available from version 1.10)

absolute max. sweep time value: 16000 s 100 ps (zero span)

absolute min. sweep time value: 1 ys (zero span) 25 ps (zero span)

2.5 ms (span > 0) -

Allowed values depend on the ratio of span to RBW and RBW to VBW. For details refer to the
data sheet.

Numeric input is always rounded to the nearest possible sweep time. For rotary knob or
UPARROW/DNARROW key inputs, the sweep time is adjusted in steps either downwards or
upwards.

The manual input mode of the sweep time is indicated by a green asterisk (*) at the SWT
display. If the selected sweep time is too short for the selected bandwidth and span, level
measurement errors will occur due to a too short settling time for the resolution or video filters. In
this case, the R&S FSL displays the error message UNCAL and marks the indicated sweep time
with a red asterisk (*).

= Remote: SWE: TIME:AUTO OFF
= Remote: SWE:TIME 10s

Sweeptime Auto (not available for FFT filter and zero span)

Couples the sweep time to the span, video bandwidth (VBW) and resolution bandwidth (RBW). If
the span, resolution bandwidth or video bandwidth are changed, the sweep time is automatically
adjusted.

The R&S FSL always selects the shortest sweep time that is possible without falsifying the
signal. The maximum level error is < 0.1 dB, compared to using a longer sweep time.

= Remote: SWE: TIME : AUTO ON

Filter Type

Opens the Filter Type dialog box to select the filter type.

For detailed information on filters see "To choose the appropriate filter" on page 3.15 and "List of
available RRC and channel filters" on page 3.16.

= Remote: BAND: TYPE NORM
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Configuring the Sweep Mode — SWEEP Key

The SWEEP key is used to configure the sweep mode. Continuous sweep or single sweep are
possible. The sweep time and the number of measured values are set.

To open the sweep menu
» Press the SWEEP key.

The sweep menu is displayed.

Menu and softkey description
"Softkeys of the sweep menu" on page 3.20

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Task

— To specify the sweep settings

To specify the sweep settings

1. Press the Sweep Count softkey and enter the sweep count.

Set the sweep time by using the Sweeptime Manual or Sweeptime Auto softkey.
Press the Sweep Points softkey and enter the number of sweep points.

Select the sweep mode using the Continuous Sweep or Single Sweep softkey.

o r 0D

To repeat the single sweep, press the Continue Single Sweep softkey.

Softkeys of the sweep menu

The following table shows all softkeys available in the sweep menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

If the Spectrogram Measurement option (K14) is activated, this menu provides additional functionality.
For details refer to "Softkeys of the sweep menu (Spectrogram view)" on page 3.151.

Command

Continuous Sweep

Single Sweep

Continue Single Sweep

Sweeptime Manual

Sweeptime Auto

Sweep Count

Sweep Points
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Continuous Sweep

Sets the continuous sweep mode: the sweep takes place continuously according to the trigger
settings. This is the default setting. The trace averaging is determined by the sweep count value
(see Sweep Count softkey).

If the Spectrogram Measurement option (K14) is activated, this softkey provides additional
functionality. For details refer to Continuous Sweep Start/Stop softkey in the sweep menu of
this option.

= Remote: INIT:CONT ON

Single Sweep

Sets the single sweep mode: after triggering, starts the number of sweeps that are defined by
using the Sweep Count softkey. The measurement stops after the defined number of sweeps
has been performed.

= Remote: INIT:CONT OFF

Continue Single Sweep

Repeats the number of sweeps set by using the Sweep Count softkey, without deleting the
trace of the last measurement.

This is particularly of interest when using the trace configurations Average or Max Hold to take
previously recorded measurements into account for averaging / maximum search. For details on
trace configuration refer to "Setting Traces — TRACE Key" on page 3.31.

= Remote: INIT:CONM

Sweeptime Manual

Opens an edit dialog box to enter the sweep time. For details see Sweeptime Manual softkey in
the bandwidth menu.

= Remote: SWE:TIME 10s

Sweeptime Auto

Sets the automatic sweep time mode. For details see Sweeptime Auto softkey in the bandwidth
menu.

= Remote: SWE: TIME : AUTO ON

Sweep Count

Opens an edit dialog box to enter the number of sweeps to be performed in the single sweep
mode. Values from 0 to 32767 are allowed. If the values 0 or 1 are set, one sweep is performed.
The sweep count is applied to all the traces in a diagram.

The sweep count set in the sweep menu is the same as that in the trace menu (for further details
see Sweep Count softkey). If the trace configurations Average, Max Hold or Min Hold are set,
the sweep count value also determines the number of averaging or maximum search
procedures (for details on trace configuration see "Setting Traces — TRACE Key" on page 3.31).
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Example:
TRACE key — Trace Mode softkey — Trace Mode dialog box: select Max Hold
SWEEP key — Sweep Count softkey — Average Sweep Count dialog box: enter 10
Single Sweep softkey: R&S FSL performs the Max Hold function over 10 sweeps.

= Remote: SWE: COUN 64

Sweep Points

Opens an edit dialog box to enter the number of measured values to be collected during one
sweep.

The following values are possible: 125, 251, 501 (default), 1001, 2001, 4001, 8001, 16001,
32001. If a value = 501 is set, the auto peak detector will be turned off automatically.

= Remote: SWE:POIN 501
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Triggering the Sweep — TRIG Key

The TRIG key (also called FORMAT key) is used to set trigger mode, trigger threshold, trigger delay,
trigger polarity and for gated sweep the gate configuration.

To open the trigger menu
» Press the TRIG key.

The trigger menu is displayed.

Menu and softkey description
"Softkeys of the trigger menu" on page 3.26

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

"Trigger mode overview" on page 3.26

Tasks
— To specify the trigger settings
— To use gated sweep operation (option Gated Sweep, B8)

— Totrigger on TV signals (zero span and option TV Trigger, B6)

To specify the trigger settings

1. Press the Trg / Gate Source softkey to select the trigger mode (for details see "Trigger mode
overview" on page 3.26).

2. Press the Trg / Gate Level softkey to set the trigger level.
3. Press the Trigger Offset softkey to set the trigger offset.
4. For details on gated sweep operation, see "To use gated sweep operation (option Gated Sweep,

B8)" on page 3.23.

5. For details on TV signal triggering, see "To trigger on TV signals (zero span and option TV Trigger,
B6)".

To use gated sweep operation (option Gated Sweep, B8)

By using a gate in sweep mode and stopping the measurement while the gate signal is inactive, the
spectrum for pulsed RF carriers can be displayed without the superposition of frequency components
generated during switching. Similarly, the spectrum can also be examined for an inactive carrier. The
sweep can be controlled by an external gate or by the internal power trigger.

Gated sweep operation is also possible for span = 0. This enables — e.g. in burst signals — level
variations of individual slots to be displayed versus time.
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1. Press the Gate Settings submenu softkey to define the settings of the gate mode.

At the center frequency a transition to zero span is made and the time parameters gate delay and
gate length are displayed as vertical lines to adjust them easily.

When quitting the Gate Settings submenu, the original span is retrieved so the desired
measurement can be performed with the accurately set gate.

2. To set the parameters gate delay and gate length highly accurate, press the Sweep Time softkey to
alter the x—axis in a way that the signal range concerned (e.g. one full burst) is displayed.

3. Press the Gate Delay softkey to set the sampling time in a way that the desired portion of the signal
is shown.

4. Press the Gate Mode Lvl/Edge softkey to set the gate mode.

If the Edge gate mode has been selected, press the Gate Length softkey to set the sampling
duration in a way that the desired portion of the signal is shown.

Press the Trg / Gate Polarity Pos/Neg softkey to set the polarity of the trigger source.
7. Press the Gated Trigger softkey to activate the gated sweep mode.

To indicate that a gate is used for the sweep, the enhancement label GAT is displayed on the
screen. This label appears to the right of the window for which the gate is configured.

Attt 10 dB
Ref 0.0 dBm = ST 100.00ms

CF 802.0 MHz SPAN 3.6 MHz

Fig. 3—1: TDMA signal with GATE OFF
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Fig. 3-2: Pulsed signal with GATE ON

Gate Mode LEVEL (zate Mode EDGE

Fig. 3-3: Timing diagram for GATE, GATE DELAY and GATE LENGTH

1303.6573.42 3.25 E-2



Triggering the Sweep — TRIG Key R&S ZVL-K1

To trigger on TV signals (zero span and option TV Trigger, B6)

1.

Press the TV Trig Settings submenu softkey to switch the TV trigger on and define the settings for
triggering on TV signal.

To configure the TV trigger, press the Vert Sync, Vert Sync Odd Field, Vert Sync Even Field or
Hor Sync softkey.

Press the Video Pol Pos/Neg softkey to set the polarity of the video signal.
Press the Lines 625/525 softkey to set the line system to be used.

Trigger mode overview

The R&S FSL offers the following trigger modes:

Free Run

The start of a sweep is not triggered. Once a measurement is completed, another is started
immediately.

External

Triggering via a TTL signal at the input connector EXT TRIG / GATE IN on the rear panel.
Video

Triggering by the displayed voltage.

A horizontal trigger line is shown in the diagram. It is used to set the trigger threshold from 0% to
100% of the diagram height.

IF Power
Triggering of the measurement via signals which are outside the measurement channel.

For this purpose, the R&S FSL uses a level detector at the second intermediate frequency. Its
threshold can be set in a range between —50 dBm and —10 dBm at the input mixer. The resulting
trigger level at the RF input is calculated via the following formula:

Mixerlevel,,, + RFAtt — PreampGain < Input Signal < Mixerlevel,., + RFAtt — PreampGain

The bandwidth at the intermediate frequency is 20 MHz. The R&S FSL is triggered as soon as the
trigger threshold is exceeded within a 10 MHz range around the selected frequency (= start
frequency in the frequency sweep).

Thus, the measurement of spurious emissions, e.g. for pulsed carriers, is possible even if the
carrier lies outside the selected frequency span.

TV (option TV Trigger, B6)

Triggering of the measurement on TV signals. In this trigger mode, only the Auto Peak and the
Sample detectors are available (for details refer to "Detector overview" on page 3.36).

In order to display different sections of a TV video signal, the R&S FSL derives several trigger
signals from the video signals. This allows triggering as well on the frame repetition as on each line
of the TV video signal.

The filter bandwidth is constant: 4.0 MHz for standards with 525 lines or 5.0 MHz for standards with
625 lines. The position of the filter is determined by the firmware in order to place the 3 dB filter
bandwidth on the center frequency, as shown in the diagramm below. For the center frequency, the
value of the vision carrier frequency should be set.
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HI

BW

0.5

fy

fv = vision carrier frequency

fc = chrominance sub—carrier frequency

Fig. 3—4: 3 dB Filter bandwidth (option TV Trigger, B6)

e Time Trigger

fa = aural carrier frequency

BW = —3dB filter bandwidth

Triggering of the measurement by a time intervall, set via the Repetition Intervall softkey.

Softkeys of the trigger menu

The following table shows all softkeys available in the trigger menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command

Command

Trg / Gate Source

Trg / Gate Level

Trg / Gate Polarity Pos/Neg

Trigger Offset / Repetition Intervall

Gated Trigger

Gate Settings ¥

Gate Mode Lvl/Edge

Gate Delay

Gate Length

Trg / Gate Source

Trg / Gate Level

Trg / Gate Polarity Pos/Neg

Sweep Time
More V¥
IF Power Retrigger Holdoff
IF Power Retrigger Hysteresis
TV Trig Settings Vert Sync

Vert Sync Odd Field

Vert Sync Even Field

Hor Sync

Video Pol Pos/Neg

Lines 625/525

TV Free Run On/Off
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Trg | Gate Source

Opens the Trigger / Gate Source dialog box to select the trigger / gate mode. For detailed
information on trigger modes see "Trigger mode overview" on page 3.26.

The gate—related settings are only available with option Gated Sweep, R&S FSL-B8. As gate
modes, all modes apart from the TV Trigger mode (option TV Trigger, B6) are available. For
details see also "To use gated sweep operation (option Gated Sweep, B8)" on page 3.23.

The default setting is Free Run. If a trigger mode other than Free Run has been set, the
enhancement label TRG is displayed.

= Remote: TRIG:SOUR IMM | VID | IFP | EXT | TV | TIM (Free Run, Video, IF Power,
Extern, TV Trigger, Time Trigger)

= Remote: SWE : EGAT: SOUR EXT (Extern)

Trg / Gate Level

Opens an edit dialog box to enter the trigger / gate level. The gate—related settings are only
available with option Gated Sweep, R&S FSL-B8. For details see also "Trigger mode overview"
on page 3.26 and "To use gated sweep operation (option Gated Sweep, B8)" on page 3.23.

In the Time Trigger mode, this softkey is not available.
= Remote: TRIG:LEV:VID 50PCT
= Remote: TRIG:LEV:IFP -30DBM

Trg | Gate Polarity Pos/Neg

Sets the polarity of the trigger / gate source. The gate-related settings are only available with
option Gated Sweep, R&S FSL-BS8.

The sweep starts after a positive or negative edge of the trigger signal. The default setting is
Pos. The setting applies to all modes with the exception of the Free Run mode.

level triggering  In the setting Pos the sweep is stopped by the logic ‘0" signal and
restarted by the logical "1” signal after the gate delay time has elapsed.

edge triggering  The sweep is continued on a ‘0" to "1” transition for the gate length
duration after the gate delay time has elapsed.

In the Time Trigger mode, this softkey is not available.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 3.23.
= Remote: TRIG: SLOP POS
= Remote: SWE:EGAT:POL POS

Trigger Offset

Opens an edit dialog box to enter the time offset between the trigger signal and the start of the

sweep. The time may be entered in multiples of 125 ns in the range —100 s to 100 s (default
0s).
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offset > 0: start of the sweep is delayed
offset < 0: sweep starts earlier (pre—trigger)

only possible for span = 0 and gated trigger switched off
not possible if RMS or average detector activated

maximum allowed range and the maximum resolution limited by the sweep time:
rangema.x = — 499/500 x sweep time
resolution ., = sweep time/500

Note: For the option TV Trigger, B6, the allowed offset ranges from —50 us to +50 us. If the trigger
source is changed to TV trigger and the set trigger offset is out of range, the trigger offset is
adopted to the closest value allowed.

In the External or IF Power trigger mode, a common input signal is used for both trigger and
gate. Therefore changes to the gate delay will affect the trigger delay (trigger offset) as well.

In the Time Trigger mode, this softkey is not available.

= Remote: TRIG:HOLD 10US

Repetition Intervall (Time Trigger mode)

Opens an edit dialog box to enter the time intervall after which the sweep is started. The
possible values range from 100 ms to 5000 s.

= Remote: TRIG: TIME:RINT 50

Gated Trigger (option Gated Sweep, B8)

Switches the sweep mode with gate on or off .
This softkey requires the following trigger mode:

span >0 External or IF Power

span =0 External or IF Power or Video

If a different mode is active, the IF Power trigger mode is automatically selected.

If the gate is switched on, a gate signal applied to the rear panel connector EXT
TRIGGER/GATE or the internal IF power detector controls the sweep of the analyzer.

In the Time Trigger mode, this softkey is not available.
For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 3.23.

= Remote: SWE:EGAT ON
= Remote: SWE:EGAT:SOUR IFP | EXT

Gate Settings (option Gated Sweep, B8)

Opens a submenu to make all the settings required for gated sweep operation.
In the Time Trigger mode, this softkey is not available.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 3.23.
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Gate Mode LvI/Edge (option Gated Sweep, B8)

Sets the gate mode. As settings level-triggered or edge—triggered gate mode can be selected.
For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 3.23.

= Remote: SWE:EGAT: TYPE EDGE

Gate Delay (option Gated Sweep, B8)

Opens an edit dialog box to enter the gate delay time between the gate signal and the
continuation of the sweep. Values between 125 ns and 100 s are allowed. The delay position on
the time axis in relation to the sweep is indicated by a line labeled GD.

This is useful for e.g. taking into account a delay between the gate signal and the stabilization of
an RF carrier.

As a common input signal is used for both trigger and gate when selecting the External or IF
Power trigger mode, changes to the gate delay will affect the trigger delay (trigger offset) as
well.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 3.23.

= Remote: SWE : EGAT : HOLD 1US

Gate Length (Gate Mode Edge)

Opens an edit dialog box to enter the gate length. Values between 125 ns and 100 s are
allowed. The gate length in relation to the sweep is indicated by a line labeled GL.

The length of the gate signal defines if the sweep is to be interrupted. Only in the edge—triggered
mode the gate length can be set, while in the level-triggered the gate length depends on the
length of the gate signal.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 3.23.

= Remote: SWE:EGAT:LENG 100US

Sweep Time (option Gated Sweep, B8)

Opens an edit dialog box to change the sweep time in order to obtain a higher resolution for
positioning gate delay and gate length. When quitting the Gate Settings submenu, the original
sweep time is retrieved.

For details also see "To use gated sweep operation (option Gated Sweep, B8)" on page 3.23.

IF Power Retrigger Holdoff (

Opens an edit dialog box to define the value for the IF power trigger holdoff. This softkey is only
available if the IF power trigger is selected as the trigger source. The holdoff value in s is the
time which must pass since another IF power trigger event may happen. The range of the value
is between 150 ns and 10 s in the step width of 10 ns.

= Remote: TRIG: IFP:HOLD 200 ns

IF Power Retrigger Hysteresis

Opens an edit dialog box to define the value for the IF power trigger hysteresis. This softkey is
only available if the IF power trigger is selected as the trigger source. The hysteresis in dB is the

1303.6573.42 3.30 E-2



R&S ZVL-K1 Triggering the Sweep — TRIG Key

value the input signal must decay below the IF power trigger level in order to allow an IF power
trigger starting the measurement. The range of the value is between 3 dB and 50 dB in the step
width of 1 dB.

= Remote: TRIG: IFP:HYST 10DB

TV Trig Settings (zero span and option TV Trigger, B6)

Switches the TV trigger on and opens a submenu to configure the TV signal parameters.

= Remote: TRIG:SOUR TV

Vert Sync (zero span and option TV Trigger, B6)

Sets the trigger on the vertical sync signal. The R&S FSL triggers on the frame repetition signal
without distinction between the two fields.

= Remote: TRIG:VID:FIEL:SEL ALL

Vert Sync Odd Field (zero span and option TV Trigger, B6)

Sets the trigger on the vertical sync signal of the first field.

= Remote: TRIG:VID:FIEL:SEL ODD

Vert Sync Even Field (zero span and option TV Trigger, B6)

Sets the trigger on the vertical sync signal of the second field.

= Remote: TRIG:VID:FIEL:SEL EVEN

Hor Sync (zero span and option TV Trigger, B6)

Sets the trigger on the horizontal sync signal and opens an edit dialog box to enter the
corresponding line. Depending on the selected line system (for details see Lines 625/525
softkey), values from 1 to 525 or 1 to 625 are allowed. If the range is exceeded, the maximum
possible line number will be set.

The default setting is 17, which is used to trigger according to CCIR 473—4 on test line 17.

= Remote: TRIG:VID:LINE:NUM 17

Video Pol Pos/Neg (zero span and option TV Trigger, B6)

Sets the polarity of the video signal. Default setting is Neg.

Positive video polarity is to be selected e.g. for standard L signals, negative video polarity for
signals according to the standards B/G/I/M (color standard PAL or NTSC).

= Remote: TRIG:VID:SSIG:POL NEG

Lines 625/525 (zero span and option TV Trigger, B6)

Sets the line system to be used. Default setting is 625 lines.

= Remote: TRIG:VID:FORM: LPFR 625
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TV Free Run On/Off (zero span and option TV Trigger, B6)

Activates or deactivates the free run trigger mode for option TV Trigger, B6. For details on
trigger modes refer to "Trigger mode overview" on page 3.26. In this mode, only the trace modes
Clear Write and View are available (see also "Trace mode overview" on page 3.34).

= Remote: TRIG:VID:CONT ON
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Setting Traces — TRACE Key

The TRACE key is used to configure the data acquisition for measurement and the analysis of the
measurement data.

The R&S FSL is capable of displaying up to four different traces at a time in a diagram. A trace consists
of a maximum of 501 measurement points on the horizontal axis (frequency or time). If more measured
values than measurement points are available, several measured values are combined in one
measurement point.

The trace functions are subdivided as follows:

e Display mode of trace (Clear Write, View and Blank). For details on trace modes see "Trace mode
overview" on page 3.34.

e Evaluation of the trace as a whole (Average, Max Hold and Min Hold). For details on trace modes
see "Trace mode overview" on page 3.34. For details on averaging see "Description of the
averaging method" on page 3.35.

e Evaluation of individual measurement points of a trace. For details on detectors see "Detector
overview" on page 3.36.

To open the trace menu
» Press the TRACE key.

The trace menu is displayed. The Trace Configuration dialog box is displayed.

Menu and softkey description
"Softkeys of the trace menu" on page 3.37

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— "Trace mode overview" on page 3.34

— "Detector overview" on page 3.36

— "Description of the averaging method" on page 3.35

— "ASCII file export file format" on page 3.40

Task

— To specify the trace settings

To specify the trace settings
1. Press the Trace 12 3 4 5 6 softkey to select the trace.

2. Press the Trace Mode softkey to select the trace mode for the selected trace (for details see "Trace
mode overview" on page 3.34).

3. Press the Detector Auto Select softkey for automatic detector selection or press the Detector
Manual Select softkey to select a detector (for details see "Detector overview" on page 3.36).

4. To change the sweep count setting, which also determines trace averaging, press the Sweep
Count softkey.
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To deactivate the reset of the traces in Min Hold and Max Hold mode after some specific parameter
changes, press the Hold/Cont softkey.

To copy a trace into another trace memory, press the Copy Trace softkey.

Upon copying, the contents of the selected memory are overwritten and the new contents are
displayed in the View mode.

To export the active trace in ASCII format:
— Press the More softkey.

— If necessary, press the Decim Sep softkey to change the decimal separator with floating—point
numerals.

— Press the ASCII File Export softkey to enter the ASCII file export name.

The active trace is saved in ASCII format on a floppy disk.

Trace mode overview

The traces can individually be activated for a measurement or frozen after completion of a
measurement. Traces that are not activated are hidden. Each time the trace mode is changed, the
selected trace memory is cleared.

The R&S FSL offers 6 different trace modes:

Clear Write

Overwrite mode: the trace is overwritten by each sweep. All available detectors can be selected.
This is the default setting.

Max Hold

The maximum value is determined over several sweeps and displayed. The R&S FSL saves the
sweep result in the trace memory only if the new value is greater than the previous one. The
detector is automatically set to Positive Peak.

This mode is especially useful with modulated or pulsed signals. The signal spectrum is filled up
upon each sweep until all signal components are detected in a kind of envelope.

This mode is not available for statistics measurements or if the TV trigger is active and the TV Free
Run On/Off softkey is set to ON (option TV Trigger, B6).

Min Hold

The minimum value is determined from several measurements and displayed. The R&S FSL saves
for each sweep the smallest of the previously stored/currently measured values in the trace
memory. The detector is automatically set to Negative Peak.

This mode is useful e.g. for making an unmodulated carrier in a composite signal visible. Noise,
interference signals or modulated signals are suppressed whereas a CW signal is recognized by its
constant level.

This mode is not available for statistics measurements or if the TV trigger is active and the TV Free
Run On/Off softkey is set to ON (option TV Trigger, B6).

Average

The average is formed over several sweeps. All available detectors can be selected. If the detector
is automatically selected, the sample detector is used. For details see also "Description of the
averaging method" on page 3.35.

This mode is not available for statistics measurements or if the TV trigger is active and the TV Free
Run On/Off softkey is set to ON (option TV Trigger, B6).
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e View
The current contents of the trace memory is frozen and displayed.

If a trace is frozen, the instrument settings, apart from level range and reference level (see below),
can be changed without impact on the displayed trace. The fact that the trace and the current
instrument setting do not correspond any more is indicated by the enhancement label "*" at the left
edge of the grid.

If level range or reference level are changed, the R&S FSL automatically adapts the measured data
to the changed display range. This allows an amplitude zoom to be made after the measurement in
order to show details of the trace.

e Blank

Hides the selected trace.

Description of the averaging method

Averaging is carried out over the measurement points derived from the measurement samples. Several
measured values may be combined in a measurement point. This means that with linear level display
the average is formed over linear amplitude values. The settings continuous or single sweep (for details
see "Configuring the Sweep Mode — SWEEP Key" on page 3.20) and running averaging apply to the
average display analogously.

There are two methods for calculating the average. For a sweep count = 0 , a continuous average is
calculated according to the following formula:

9* TRACE + meas. value
10

TRACE =

Due to the weighting between the new measured value and the trace average, past values have
practically no influence on the displayed trace after about ten sweeps. With this setting, signal noise is
effectively reduced without need for restarting the averaging process after a change of the signal.

If the sweep count is >1, averaging takes place over the selected number of sweeps. In this case the
displayed trace is calculated during averaging according to the following formula:

1 n-1
Trace,, = - > (T, ) + meas.value,
i=1

where n is the number of the current sweep. No averaging is carried out for the first sweep but the
measured value is stored in the trace memory. With increasing n, the displayed trace is increasingly
smoothed since there are more single sweeps for averaging.

After the selected number of sweeps the average trace is saved in the trace memory. Until this number
of sweeps is reached, a preliminary average is displayed.

After completion of averaging, i.e. when the averaging length defined by sweep count is attained,
continuous averaging is resumed with continuous sweep . The display "Sweep N of N" does not change
any more until a new start is triggered. The displayed trace is calculated according to the following
formula:

(N —1)-Trace o0 + meas. value
N

with Trace: new; Trace,yq: old trace; N: sweep count

Trace =

The same holds true for single sweep operation if the Continue Single Sweep softkey is pressed.

In the single sweep mode, a specific number of sweeps is set. The sweeps are stopped when the
selected number of sweeps is attained. The number of the current sweep and the total number of
sweeps are shown on the display: "Sweep 3 of 200"
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Detector overview

The measurement detector for the individual display modes can be selected directly by the user or set
automatically by R&S FSL. The detector activated for the specific trace is identified in the respective
trace display field in form of an abbreviation (for details see detector list).

The detectors of the R&S FSL are implemented as pure digital devices. They collect signal power data
within each measured point during a sweep. The default number of sweep points is 501. The following
detectors are available:

Detector Indicator | Function

auto peak detector Ap determines the maximum and the minimum value within a
(Auto Peak) measurement point

peak detector Pk determines the maximum value within a measurement point
(Positive Peak)

min peak detector Mi determines the minimum value within a measurement point
(Negative Peak)

RMS detector Rm determines the root mean square power within a

(RMS) measurement point

average detector Av determines the linear average power within a measurement
(Average) point

sample detector Sa selects a random value within a measurement point
(Sample)

quasi peak detector | QP determines the quasipeak power within a measurement point
(Quasi Peak) for EMI measurements

If the TV trigger is active, only the auto peak and the sample detector are available.

The result obtained from the selected detector within a measurement point is displayed as the power
value at this measurement point.

All detectors work in parallel in the background, which means that the measurement speed is
independent of the detector combination used for different traces.

Note: During a frequency sweep, R&S FSL increments the 1st local oscillator in steps that are smaller

than approximately 1/10 of the bandwidth. This makes sure that the oscillator step speed is
conforming to the hardware settling times and does not affect the precision of the measured
power.
The number of measured values taken during a sweep is independent of the number of
oscillator steps. It is always selected as a multiple or a fraction of 501 (= default number of trace
points displayed on the screen). Choosing less then 501 measured values (e.g. 125 or 251) will
lead to an interpolated measurement curve, choosing more than 501 points (e.g. 1001, 2001 ...)
will result in several measured values being overlaid at the same frequency position.
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Softkeys of the trace menu

The following table shows all softkeys available in the trace menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Command

Trace 123456

Trace Mode

Detector Auto Select

Detector Manual Select

Sweep Count

Hold/Cont

More V¥

Trace 123456

Copy Trace

ASCII File Export

Decim Sep

Trace Math

Trace Math Position

Trace123456

Selects the active trace (1, 2, 3, 4, 5, 6). The default setting is trace 1 in the overwrite mode (see
Clear Write mode), the other traces are switched off (see Blank mode).

= Remote: (selected via numeric suffix of : TRACe<1...6>)

Trace Mode

Opens the dialog box Trace Mode to select the trace mode. For details see "Trace mode

overview" on page 3.34.

= Remote: DISP: TRAC:MODE WRIT
Min Hold, Average, View)

= Remote: DISP: TRAC OFF (Blank)

| MAXH | MINH | AVER | VIEW (Clear Write, Max Hold,

Detector Auto Select

Selects the optimum detector for the selected trace and filter mode. This is the default setting.
For details see also "Detector overview" on page 3.36.

Trace mode Detector (band—pass filter)

Clear/Write Auto Peak

Average Sample
Max Hold Max Peak
Min Hold Min Peak

= Remote: DET:AUTO ON

Detector (FFT filter)
Max Peak

Sample
Max Peak
Max Peak
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Detector Manual Select

Opens the dialog box Detector to select the detector. For details see "Detector overview" on
page 3.36.

= Remote: DET APE | POS | NEG | RMS | AVER | SAMP | QPE (Auto Peak, Max Peak, Min
Peak, RMS, AVG, Sample, Quasi Peak)

Sweep Count

Opens an edit dialog box to enter the number of sweeps used for averaging. Values from 0 to
32767 are allowed. The default setting is 0. The sweep count is applied to all the traces in a
diagram. The sweep count set in the trace menu is the same as that in the sweep menu (for

further details see Sweep Count softkey).
In the continuous sweep mode, the sweep count value determines the trace averaging:
— sweep count = 0: continuous averaging

— sweep count = 1: no averaging

— sweep count > 1: averaging over the selected number of sweeps; in the continuous sweep
mode averaging is performed until the set number of sweeps is attained and is then continued
as continuous averaging (see also "Description of the averaging method" on page 3.35).

= Remote: SWE:COUN 64

Hold/Cont

Switches on or off the reset of the traces in Min Hold, Max Hold and Average mode after some
specific parameter changes have been made. The default setting is off.

Normally, the measurement is started anew after parameter changes, before the measurement
results are evaluated (e.g. using a marker). In all cases that require a new measurement after
parameter changes, the trace is reset automatically to avoid false results (e.g. with span

changes). For applications that require no reset after parameter changes, the automatic reset
can be switched off.

= Remote: DISP: TRAC:MODE : HCON ON

Copy Trace

Opens an edit dialog box to enter the number of the trace memory, in which the currently
selected trace shall be copied.

= Remote: TRAC:COPY TRACE1, TRACE2

ASCII File Export

Opens an edit dialog box to enter the ASCII File Export Name and saves the active trace in
ASCII format on a floppy disk.

The file consists of the header containing important scaling parameters and a data section

containing the trace data. For details on an ASCII file see "ASCII file export file format" on page
3.40.
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This format can be processed by spreadsheet calculation programs, e.g. MS—Excel. It is
necessary to define ';' as a separator for the data import. Different language versions of
evaluation programs may require a different handling of the decimal point. It is therefore possible
to select between separators '.' (decimal point) and ',' (comma) using the Decim Sep softkey.

= Remote: FORM ASC

Decim Sep

Selects the decimal separator with floating—point numerals for the ASCII file export to support
evaluation programs (e.g. MS—Excel) in different languages. The values '.' (decimal point) and ',
(comma) can be set. For details see also ASCII File Export softkey.

= Remote: FORM: DEXP:DSEP POIN

Trace Math

Opens the Trace Mathematics dialog box to define which trace is subtracted from trace 1. The
result is displayed in trace 1 and refers to the zero point defined with the Trace Math Position
softkey. The following substractions can be performed:

T1->T1-T2 Substracts trace 2 from trace 1.
T1->T1-T3 Substracts trace 3 from trace 1
T1->T1-T4 Substracts trace 4 from trace 1
T1->T1-T5 Substracts trace 5 from trace 1
T1->T1-T6 Substracts trace 6 from trace 1

If the Trace Math Off option is activated, the function is switch off (default setting).

= Remote: CALC1:MATH (TRACE1 - TRACE2)
= Remote: CALC:MATH: STAT ON

Trace Math Position

Opens an edit dialog box to define the zero point in % of the diagram height. The range of
values extends from —100% to +200%.

= Remote: CALC:MATH: POS 50PCT
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ASCII file export file format

The data of the file header consist of three columns, each separated by a semicolon: parameter name;
numeric value; basic unit. The data section starts with the keyword "Trace <n>" (<n> = number of
stored trace), followed by the measured data in one or several columns (depending on measurement)
which are also separated by a semicolon.

File contents: header

Description

Type;ZVL; Instrument model
Version;5.00; Firmware version
Date;01.0ct 2006; Date of data set storage
Mode;ANALYZER,; Instrument mode

Center Freq;55000;Hz

Center frequency

Freq Offset;0;Hz

Frequency offset

Span;90000;Hz

Frequency range (0 Hz in zero span and statistics measurements)

x—=Axis;LIN;

Scaling of x—axis linear (LIN) or logarithmic (LOG)

Start;10000;Hz
Stop;100000;Hz

Start/stop of the display range.
Unit: Hz for span > 0, s for span = 0, dBm/dB for statistics measurements

Ref Level;—30;dBm

Reference level

Level Offset;0;dB

Level offset

Ref Position;75;%

Position of reference level referred to diagram limits (0% = lower edge)

y—Axis;LOG; Scaling of y—axis linear (LIN) or logarithmic (LOG)
Level Range;100;dB Display range in y direction. Unit: dB with x—axis LOG, % with x—axis LIN
Rf Att;20;dB Input attenuation

RBW;100000;Hz

Resolution bandwidth

VBW;30000;Hz

Video bandwidth

SWT;0.005;s Sweep time
Trace Mode;AVERAGE; Display mode of trace: CLR/WRITE,AVERAGE,MAXHOLD,MINHOLD
Detector; AUTOPEAK; Detector set: AUTOPEAK,MAXPEAK,MINPEAK,AVERAGE,RMS,SAMPLE,QUASIPEAK

Sweep Count;20;

Number of sweeps set

File contents:
data section of the file

Description

Trace 1:;; Selected trace

x—Unit;Hz; Unit of x values: Hz with span > 0; s with span = 0; dBm/dB with statistics measurements

y-Unit;dBm; Unit of y values: dB*/V/A/W depending on the selected unit with y—axis LOG or % with y—axis
LIN

Values; 501; Number of measurement points

10000;-10.3;-15.7
10180;-11.5;-16.9
10360;,-12.0;-17.4

Measured values: <x value>, <y1>, <y2>; <y2> being available only with detector AUTOPEAK
and containing in this case the smallest of the two measured values for a measurement point.
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Measurement Functions

In this section all menus necessary for setting measurement functions are described. This includes the
following topics and keys:

e "Using Markers and Delta Markers — MKR Key" on page 3.42

e "Changing Settings via Markers — MKR—> Key" on page 3.52

e "Power Measurements — MEAS Key" on page 3.60

e "Using Limit Lines and Display Lines — LINES Key" on page 3.82
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Using Markers and Delta Markers — MKR Key

The markers are used for marking points on traces, reading out measurement results and for quickly
selecting a display section. The R&S FSL provides four markers per trace.

Marker Active marker Temporary marker
M1 M3 T1
v
D2

Delta marker

Fig. 3-5: Marker types

All markers can be used either as markers or delta markers. The marker that can be moved by the user
is defined in the following as the active marker. Temporary markers are used in addition to the markers
and delta markers to evaluate the measurement results. They disappear when the associated function
is deactivated.

The measurement results of the active marker (also called marker values) are displayed in the marker
field . The marker field is located at the upper right corner of the display and shows the following:

e marker type (M1 in the example)
e trace in square brackets ([1] in the example)
e level (-33.09 dBm in the example)

e marker location (3 GHz in the example)

M1[1] -33.09 dBm
3.000000000 GHz

Fig. 3—6: Marker values

The MKR key is used to select and position the absolute and relative measurement markers (markers
and delta markers). In addition, the functions for frequency counter, fixed reference point for relative
measurement markers and enlargement of the measurement area are assigned to this key.

Also the following measurements can be carried out:

¢ Noise density (Noise Meas On/Off softkey; see also "Measurement of noise density" on page 3.45)

e Frequency measurement (Sig Count On/Off softkey; see also "Frequency measurement with the
frequency counter" on page 3.44)

e Filter or signal bandwidth (n dB down softkey)
e AF demodulation (Marker Demod softkey; see also "AF demodulation” on page 3.44)

For further information on markers see also "Changing Settings via Markers — MKR—> Key" on page
3.52.

To open the marker menu
> Press the MKR key.

The marker menu is displayed. If no marker is active, marker 1 is activated and a peak search on
the trace is carried out. Otherwise, the edit dialog box for the last activated marker is opened and
the current frequency / time value is displayed.
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Menu and softkey description
"Softkeys of the marker menu" on page 3.46

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
"AF demodulation" on page 3.44
— "Frequency measurement with the frequency counter" on page 3.44

"Measurement of noise density" on page 3.45

Tasks
— To define the basic marker settings
— To set a fixed reference point (phase noise measurement)

— To set the demodulation mode and duration

To define the basic marker settings
1. Press the MKR key to open the marker menu.

Marker 1 is activated and positioned on the maximum value of the trace as normal marker. If
several traces are being displayed, the marker is set to the maximum value (peak) of the trace
which has the lowest number (1 to 3) and is not frozen (View mode). In case a marker is already
located there, it will be set to the frequency of the next lowest level (next peak).

2. To change to another trace, press the Marker to Trace softkey and enter the number of the trace
on which the marker is to be placed.

The marker changes to selected trace, but remains on the previous frequency or time. If a trace is
turned off, the corresponding markers and marker functions are also deactivated.

3. To switch on a delta marker, press the Marker 2 softkey.

Marker 2 is switched on as a delta marker. The frequency and level of marker 2 are displayed in
relation to marker 1 in the marker field.

4. To change the marker type of marker 2, press the /IMarker Norm/Delta softkey.

Marker 2 becomes a normal marker. The frequency and level of marker 2 are displayed as absolute
values in the marker field.

5. To switch off marker 2, press the Marker 2 softkey again.

Marker 2 is deactivated. Marker 1 becomes the active marker for entry. The frequency and level of
marker 1 are displayed in the marker field.

To set a fixed reference point (phase noise measurement)
1. Press the Phase Noise/Ref Fixed softkey.

The submenu with the Phase Noise On/Off softkey switched on is displayed. The level and
frequency or time values of marker 1 immediately become the reference point.

To set the maximum of the selected trace as reference point, press the Peak Search softkey.
3. To define the values for the reference point, proceed as follows:

— Press the Ref Point Level softkey and enter a reference level value.
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— If span > 0, press the Ref Point Frequency softkey and enter a frequency reference value.

— If span = 0, press the Ref Point Time softkey and enter a reference time value.

To set the demodulation mode and duration
1. Press the Marker Demod softkey.
The submenu with the Mkr Demod On/Off softkey switched on is displayed.
2. To change the demodulation mode, press the AM or FM softkey.
For details see "AF demodulation" on page 3.44.
To modify the demodulation time for span > 0, press the Mkr Stop Time softkey.
To change to continuous demodulation for span > 0, press the Cont Demod softkey.

To tune the volume for acoustic monitoring, press the Volume softkey.

AF demodulation

The R&S FSL provides demodulators for AM and FM signals. With these demodulators, a displayed
signal can be identified acoustically by using headphones.

& CAUTION

Check the volume setting carefully before putting on the headphones in order to protect your
hearing.

For span > 0, the demodulation is not continuous. The frequency at which the demodulation takes place
is set by the active marker. If the level of the selected frequency is above the threshold line, the sweep
stops for the selected time (stop time) and the RF signal is demodulated. For span = 0, the
demodulation is continuously active irrespective of the stop time set.

Frequency measurement with the frequency counter

In order to accurately determine the frequency of a signal, the R&S FSL is equipped with a frequency
counter which measures the frequency of the RF signal at the intermediate frequency. Using the
measured IF, the R&S FSL calculates the frequency of the RF input signal by applying the known
frequency conversion factors.

The frequency measurement uncertainty depends only upon the accuracy of the frequency reference
used (external or internal reference). Although the R&S FSL always operates synchronously
irrespective of the set span, the frequency counter delivers a more exact result than a measurement
performed with a marker. This is due to the following:

e The marker measures only the position of the point on the trace and infers from this value the signal
frequency. The trace, however, contains only a limited number of points. Depending upon the
selected span, each point may contain many measurement values, which therefore limits the
frequency resolution.

e The resolution, with which the frequency can be measured with a marker, is dependant on the
selected resolution bandwidth which in return affects the necessary measurement time. For this
reason, the bandwidth is normally made as wide as possible and the sweep time as short as
possible. This results in a loss of frequency resolution.For the measurement with the frequency
counter, the sweep is stopped at the reference marker, the frequency is counted with the desired
resolution and then the sweep is allowed to continue.
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Measurement of noise density

During noise measurement, the noise power density is measured at the position of the marker. For
span = 0, all points of the trace are used to determine the noise power density. For span > 0, two points
to the right and left of the marker are used for the measurement to obtain a stable result.

The noise power density is indicated in the marker field. With logarithmic amplitude units (dBm, dBmV,
dBmuV, dBuA), the noise power density is output in dBm/Hz, i.e. as level in 1 Hz bandwidth with
reference to 1 mW. With linear amplitude units (V, A, W), the noise voltage density is evaluated in
MV/Hz, the noise current density in uA/Hz or the noise power density in yW/Hz.

In the default setting, the R&S FSL uses the sample detector for the noise function.

With the sample detector, the trace can additionally be set to AVERAGE to stabilize the measured
values. With RMS detector used, trace averaging must not be used since in this case it produces too
low noise levels which cannot be corrected. Instead, the sweep time can be increased to obtain stable
measurement results.

The following settings have to be made to ensure that the power density measurement yields correct
values:

e Detector: Sample or RMS
e Video bandwidth:

< 0.1 resolution bandwidth with sample detector
> 3 x resolution bandwidth with RMS detector
e Trace averaging:

With the sample detector, the trace can additionally be set to average to stabilize the measured
values. With RMS detector used, trace averaging must not be used since in this case it produces
too low noise levels which cannot be corrected. Instead, the sweep time can be increased to obtain
stable measurement results.

The R&S FSL uses the following correction factors to evaluate the noise density from the marker level:

e Since the noise power is indicated with reference to 1 Hz bandwidth, the bandwidth correction value
is deducted from the marker level. It is 10 x Ig (1 HzZ/BWNoise), where BWNoise is the noise or
power bandwidth of the set resolution filter (RBW).

e RMS detector: With the exception of bandwidth correction, no further corrections are required since
this detector already indicates the power with every point of the trace.

e Sample detector: As a result of video filter averaging and trace averaging, 1.05 dB is added to the
marker level. This is the difference between the average value and the RMS value of white noise.
With a logarithmic level axis, 1.45 dB is added additionally. Logarithmic averaging is thus fully taken
into account which yields a value that is 1.45 dB lower than that of linear averaging.

e To allow a more stable noise display the adjacent (symmetric to the measurement frequency) points
of the trace are averaged.

e For span > 0, the measured values are averaged versus time (after a sweep).

Note: The R&S FSL noise figure can be calculated from the measured power density level. It is
calculated by deducting the set RF attenuation (RF Att) from the displayed noise level and
adding 174 to the result.
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Softkeys of the marker menu

The following table shows all softkeys available in the marker menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or

(measurement) mode, this information is delivered in the corresponding softkey description.

If the Spectrogram Measurement option (K14) is activated, the edit dialog box for markers and delta

markers is extended. For details refer to "Markers and marker values" on page 3.150.

Menu / Command

Submenu / Command

Command

Marker 1

Marker 2

Marker Norm/Delta

Noise Meas On/Off

Phase Noise/Ref Fixed ¥

Phase Noise On/Off

Ref Point Level

Ref Point Frequency/
Ref Point Time

Peak Search

Phase Noise 1234 A

Reference Fixed ¥

Reference Fixed On/Off

Ref Point Level

Ref Point Frequency/

Ref Point Time
Peak Search
Sig Count On/Off
More ¥
Marker 3
Marker 4
Marker to Trace
Marker Demod ¥ Mkr Demod On/Off
AM
FM
Mkr Stop Time
Cont Demod
Volume
n dB down
All Marker Off
More ¥
Marker Zoom
Marker Peak List ¥ New Search
Sort Mode Freq/Lvl
Peak Excursion
Left Limit
Right Limit
Threshold
Peak List Off
Marker Stepsize ¥ Stepsize Standard
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Menu / Command Submenu / Command Command

Stepsize Sweep Points

Marker 1/Marker 2/Marker 3/Marker 4/Marker Norm/Delta

The Marker <no> softkey activates the corresponding marker and opens an edit dialog box to
enter a value for the marker to be set to. Pressing the softkey again deactivates the selected
marker.

If a marker value is changed using the rotary knob, the step size is defined via the Stepsize
Standard or Stepsize Sweep Points softkeys.

Marker 1 is always the reference marker for relative measurements. If activated, markers 2 to 4
are delta markers that refer to marker 1. These markers can be converted into markers with
absolute value display by means of the Marker Norm/Delta softkey. If marker 1 is the active
marker, pressing the Marker Norm/Delta softkey switches on an additional delta marker.

Remote: CALC:MARK ON
Remote: CALC:MARK:X <value>
Remote: CALC:MARK:Y?

Remote: CALC:DELT ON
Remote: CALC:DELT:X <value>
Remote: CALC:DELT:X:REL?

11 11111

Remote: CALC:DELT:Y?

Noise Meas On/Off

Switches the noise measurement for the active marker on or off. The corresponding marker
becomes the normal marker. For more details on noise measurement see "Measurement of
noise density" on page 3.45.

= Remote: CALC:MARK:FUNC:NOIS ON
= Remote: CALC:MARK:FUNC:NOIS:RES?

Phase Noise/Ref Fixed

The function of this softkey depends on the setting of the Noise Meas softkey:
— Noise Meas On: activates phase noise measurements.

— Noise Meas Off: freezes the current position of marker 1 as a reference for relative
measurements. Additionally it opens a submenu to set all values of a reference point. Instead of
using the current values of the reference marker (marker 1) as reference point for the delta
markers, level and frequency or time are set to fixed values and used as reference point.

Phase Noise On/Off

Switches the relative measurement to a fixed reference value on or off. The level and frequency
or time values of marker 1 immediately become the reference point, but can be altered using the
corresponding softkeys (Ref Point Level, Ref Point Frequency, Ref Point Time and Peak
Search).

= Remote: CALC:DELT2:FUNC:FIX ON
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Ref Point Level

Opens an edit dialog box to enter a reference level value. All relative level values of the delta
markers refer to this reference level.

= Remote: CALC:DELT2:FUNC:FIX:RPO:Y —-10dBm

Ref Point Frequency (span > 0) / Ref Point Time (zero span)

Opens an edit dialog box to enter a frequency reference or time value. All relative frequency or
time values of the delta markers refer to this frequency reference. For phase noise
measurement, input of reference time is not possible..

= Remote: CALC:DELT2:FUNC:FIX:RPO:X 10.7MHz
= Remote: CALC:DELT2:FUNC:FIX:RPO:X 5MS

Peak Search

Sets the maximum value of the selected trace as the reference point.

= Remote: CALC:DELT: FUNC:FIX:RPO:MAX

Phase Noise 1234 4

Selects the normal marker or the delta markers, activates the marker and opens an edit dialog
box to enter a value for the marker to be set to. A4 stands for delta marker 1.

Reference Fixed

Opens a submenu for relative measurement to a fixed reference value.

Reference Fixed On/Off

Switches the relative measurement to a fixed reference value on or off. The level and frequency
or time values of marker 1 immediately become the reference point, but can be altered using the
corresponding softkeys (Ref Point Level, Ref Point Frequency, Ref Point Time and Peak
Search).

= Remote: CALC:DELT2:FUNC:FIX ON

Sig Count On/Off

Switches the frequency counter on/off. The frequency is counted at the position of the reference
marker (marker 1). If no marker is activated, marker 1 is switched on and set at the largest
signal.

The sweep stops at the reference marker until the frequency counter has delivered a result. The
result is displayed in the marker field (see "Fig. 3—6: Marker values" on page 3.42), labeled with
[Tx CNT]. For more details see "Frequency measurement with the frequency counter" on page
3.44.

= Remote: CALC:MARK1 :COUN ON
= Remote: CALC :MARK:COUN:FREQ?
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Marker to Trace

Opens an edit dialog box to enter the number of the trace, on which the marker is to be placed.

= Remote: CALC:MARK1:TRAC 1
= Remote: CALC:DELT:TRAC 1

Marker Demod

Opens a submenu to set the demodulation mode and duration. For more details see also "AF
demodulation" on page 3.44.

Mkr Demod On/Off

Switches the demodulation on/off. For more details see also "AF demodulation" on page 3.44.

= Remote: CALC:MARK1 : FUNC:DEM ON

AM

Sets AM as demodulation mode. This is the default setting. For more details see also "AF
demodulation" on page 3.44.

= Remote: CALC:MARK] : FUNC:DEM: SEL AM

FM

Sets FM as demodulation mode. Default setting is AM. For more details see also "AF
demodulation" on page 3.44.

= Remote: CALC:MARK1 : FUNC:DEM: SEL FM

Mkr Stop Time

Opens an edit dialog box to enter the demodulation stop time for span > 0. For more details see
also "AF demodulation" on page 3.44.

= Remote: CALC:MARKI : FUNC:DEM: HOLD 3s

Cont Demod (span > 0)

Switches the continuous demodulation on or off. If the sweep time is long enough, the set
frequency range can be monitored acoustically. For more details see also "AF demodulation" on
page 3.44.

= Remote: CALC:MARKI : FUNC:DEM:CONT ON

Volume

Opens an edit dialog box to regulate the volume for acoustic monitoring. For more details see
also "AF demodulation" on page 3.44.

= Remote: SYST:SPE:VOL 0.5
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n dB down

Activates the temporary markers T1 and T2, and opens an edit dialog box to enter the value n. If
a positive value is entered, the markers T1 and T2 are placed below the active reference
marker. If a negative value (e.g. for notch filter measurements) is entered, the markers T1 and
T2 are placed above the active reference marker. Marker T1 is placed to the left and marker T2
to the right of the reference marker. The default setting is 3 dB.

Settings Result displayed in marker field

span >0 frequency spacing of the two temporary markers
span =0 pulse width between the two temporary markers
not possible to form the frequency dashes instead of a measured value

spacing for the n dB value (e.g.

because of noise display)

Remote: CALC :MARK1 : FUNC:NDBD:STAT ON
Remote: CALC :MARK1 : FUNC:NDBD 3dB

Remote: CALC :MARK1 : FUNC:NDBD:RES?

Remote: CALC:MARK1 : FUNC:NDBD:FREQ? (span > 0)
Remote: CALC:MARK1 : FUNC:NDBD: TIME? (span = 0)

111 11

All Marker Off

Switches all markers off.

= Remote: CALC :MARK:AOFF

Marker Zoom (span > 0)

Opens an edit dialog box to enter a display range for the zoom. The area around marker 1 is
expanded accordingly and more details of the spectrum can be seen. If no marker is activated,
marker 1 is switched on and set on the largest signal..

The following sweep is stopped at the position of the reference marker. The frequency of the
signal is counted and the measured frequency becomes the new center frequency. The zoomed
display range is then configured and the new settings are used by the R&S FSL for further
measurements.

As long as switching to the new frequency display range has not yet taken place, pressing the
softkey will abort the procedure. If an instrument setting is changed while using this function, the
procedure is aborted.

= Remote: CALC:MARK1 : FUNC:ZOOM 1kHz

Marker Peak List

Opens the Peak List dialog box and a submenu to define criterias for the sort order and the
contents of the peak list. The number of listed peaks is indicated in the title bar. For all listed
peaks the frequency and level values are given. Maximal 50 entries are listed.

= Remote: CALC:MARK:FUNC:FPE:COUN?
= Remote: CALC:MARK:FUNC: FPE:X?
= Remote: CALC:MARK:FUNC:FPE:Y?
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New Search

Starts a new peak search and enters the results in the peak list.

= Remote: CALC:MARK:FUNC:FPE 3

Sort Mode Freq/Lvl

Defines the criteria for sorting:

Freq sorting in ascending order of frequency values (span > 0) or time
values (span = 0)

Lvl sorting in ascending order of the level

= Remote: CALC:MARK:FUNC:FPE:SORT Y

Peak List Off

Switches the peak list function off.

Marker Stepsize

Opens a submenu to set the step size of all markers and delta markers.

Stepsize Standard

Moves the marker or delta marker from one measurement point to the next, if the marker or
delta marker value is changed via the rotary knob (Marker 1/Marker 2/Marker 3/Marker 4
softkeys). If more measured values than measurement points exist, it is not possible to read out
all measured values. In this case, use the Stepsize Sweep Points softkey.

= Remote: CALC:MARK:X:SSIZ STAN

Stepsize Sweep Points

Moves the marker or delta marker from one measured value to the next, if the marker or delta
marker value is changed via the rotary knob (Marker 1/Marker 2/Marker 3/Marker 4 softkeys). If
more measured values than measurement points exist, every single measured value is
accessible and its value is displayed in the marker field.

The number of measured values is defined in the sweep menu via the Sweep Points softkey.

This functionality is available for all base unit measurements with the exception of statistics
(APD and CCDF softkeys in the measurement menu).

= Remote: CALC:MARK:X:SSIZ POIN
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Changing Settings via Markers — MKR—> Key

The MKR-> key is used for search functions of measurement markers, assignment of the marker
frequency as center frequency, restriction of the search area and characterization of maxima and
minima. For details on markers in general, see "Using Markers and Delta Markers — MKR Key" on page
3.42.

To open the marker—> menu
» Press the MKR—> key.

The marker—> menu is displayed. If no marker is active, marker 1 will be activated and a peak
search on the trace carried out. Otherwise, the edit dialog box for the last activated marker is
opened and the current frequency / time value is displayed.

Menu and softkey description
"Softkeys of the marker—> menu" on page 3.55

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— "Effect of different peak excursion settings (example)" on page 3.54

Tasks

— To search for a maximum

— To search for a minimum

— To specify the search limits

— To specify the search range

— To examine a signal at the center in detail

— To specify the suitable peak excursion

To search for a maximum
1. To search the highest maximum, press the Peak softkey.
2. To define the search mode for the next maximum, use the Next Peak Mode < abs > softkey.

3. To start the search, press Next Peak the softkey.

To search for a minimum
1. To search the minimum, press the Min softkey.
2. To define the search mode for the next maximum, use the Next Min Mode < abs > softkey.

3. To start the search, press the Next Min softkey.
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To specify the search limits

1.

2.
3.
4

To define the lower limit, press the Left Limit softkey.
To define the upper limit, press the Right Limit softkey.
To define the threshold, press the Threshold softkey.

To switch the search limits off, press the Search Lim Off softkey.

To specify the search range

>

Press the Exclude LO softkey to include the frequency 0 Hz in the marker search functions.

To examine a signal at the center in detail

o M w0 Dd =

© © N o

Press the PRESET key to set the R&S FSL to the default setting.
Press the MKR—> key to open the marker—> menu.

Marker 1 is activated and set to the largest signal of the trace.
Press the Center =Mkr Freq softkey to set to the marker frequency.

The span is adapted in such a way that the minimum frequency (= 0 Hz) or the maximum frequency
is not exceeded.

Press the Ref Lvl =Mkr Lvl softkey to set the reference level to the measured marker level.
Press the SPAN key.
The edit dialog box to enter a frequency span is displayed.

Reduce the span, e.g. using the rotary knob.

To specify the suitable peak excursion

1.

If the next peak mode abs of softkey Next Peak Mode < abs >/ Next Min Mode < abs > is used,
the default value is sufficient, since, in this mode, the next lower maximum or next higher minimum
will always be detected.

If the next peak mode < or > of softkey Next Peak Mode < abs >/ Next Min Mode < abs > is used,
the 6 dB level change set as a default value may be attained already by the inherent noise of the
instrument. To avoid identifying noise peaks as maxima or minima, enter a peak excursion value
that is higher than the difference between the highest and the lowest value measured for the
displayed inherent noise.

1303.6573.42 3.53 E-2



Changing Settings via Markers — MKR-> Key R&S ZVL-K1

Effect of different peak excursion settings (example)

The following figure shows a trace to be examined.

-11.06 dBm
27.154880000 MHz

CF 27.105 MH=z SPAN 430.0 kHz

Fig. 3-7: Trace example

The following table lists the signals as indicated by the marker numbers in the diagram above, as well
as the minimum of the amplitude decrease to both sides of the signal:

signal # | min. amplitude decrease to both sides of the signal
1 30dB

2 29.85dB

3 7dB

4 7dB

The detected signals and their order are different depending on the peak excursion setting and the peak
search method (whether the next lower maximum or the next relative maximum are searched). The
following results are obtained. All tests start with the marker set to signal 1 by pressing the softkey
Peak.

e 40 dB peak excursion

Result: With both methods apart from signal 1 no signal is detected, as the signal level does not
decrease by more than 30 dB to either side of any signal.

1303.6573.42 3.54 E-2



R&S ZVL-K1

Changing Settings via Markers — MKR-> Key

next lower maximum

next relative maximum

next peak mode abs: signal 1
(no further signal detected)

next peak mode <: signal 1
(no further signal detected)

next peak mode >: signal 1
(no further signal detected)

e 20 dB peak excursion

Result: With both methods apart from signal 1 signal 2 is detected, as the signal level decreases at
least by 29.85 dB to either side of this signal, which is now greater than the peak excursion.

next lower maximum

next relative maximum

next peak mode abs: signal 2

next peak mode <: signal 1
(no further signal detected)

next peak mode abs: signal 2
(no further signal detected)

next peak mode >: signal 2

next peak mode >: signal 2
(no further signal detected)

e 6 dB peak excursion

Result: With both methods all signals are detected.

next lower maximum

next relative maximum

next peak mode abs: signal 2

next peak mode <: signal 3

next peak mode abs: signal 3

next peak mode >: signal 1

next peak mode abs: signal 4

next peak mode >: signal 2

next peak mode >: signal 4

Softkeys of the marker—> menu

The following table shows all softkeys available in the marker—> menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

If the Spectrogram Measurement option (K14) is activated, this menu provides additional functionality.
For details refer to "Softkeys of the marker—> menu (Spectrogram view)" on page 3.153.

Menu / Command

Command

Select1234 A

Peak

Next Peak

Next Peak Mode < abs >

Center =Mkr Freq

Ref Lvl =Mkr Lvl

More V¥

Select1234 A

Min

Next Min
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Menu / Command Command

Next Min Mode < abs >

Search Limits ¥ Left Limit
Right Limit
Threshold

Search Lim Off

Peak Excursion

More V¥

Exclude LO

Auto Max Peak/Auto Min Peak

Select1234 4

Selects the normal marker or the delta markers, activates the marker and opens an edit dialog
box to enter a value for the marker to be set to. A stands for delta marker 1.

If the Spectrogram Measurement option (K14) is activated, the edit dialog box for markers and
delta markers is extended. For details refer to "Markers and marker values" on page 3.150.

= Remote: CALC:MARK1 ON

= Remote: CALC:MARK1:X <value>

= Remote: CALC:MARK1:Y?

Peak

Sets the active marker/delta marker to the highest maximum of the trace.

If the Spectrogram Measurement option (K14) is activated, this softkey provides altered
functionality. For details refer to Peak softkey in the marker—> menu of this option.

= Remote: CALC : MARK :MAX

= Remote: CALC:DELT : MAX

Next Peak

Sets the active marker/delta marker to the next maximum of the selected trace according to the
mode selected using the Next Peak Mode < abs > softkey.

If the Spectrogram Measurement option (K14) is activated, this softkey provides altered
functionality. For details refer to Next Peak softkey in the marker—> menu of this option.

Next Peak Mode < abs >

Selects the mode of the Next Peak softkey. Three settings are available:

< Sets the active marker/delta marker to the next maximum left to the marker of the

selected trace.

abs Sets the active marker/delta marker to the next lower maximum of the selected

trace.

> Sets the active marker/delta marker to the next maximum right to the marker of the

selected trace.
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If the Spectrogram Measurement option (K14) is activated, this softkey provides altered
functionality. For details refer to Next Peak X Search < abs > and Next Peak Y Search
up/abs/dn softkeys in the marker—> menu of this option.

Remote: CALC:MARK:MAX: LEFT (>)
Remote: CALC:DELT : MAX : LEFT (<)
Remote: CALC :MARK:MAX :RIGH (>)
Remote: CALC:DELT : MAX :RIGH (>)
Remote: CALC :MARK : MAX : NEXT (abs)
Remote: CALC:DELT : MAX : NEXT (abs)

11111

Center =Mkr Freq (span > 0)

Sets the center frequency to the current marker or delta marker frequency. A signal can thus be
set to as center frequency, for example to examine it in detail with a smaller span.

Remote: CALC:MARK: FUNC : CENT

Ref Lvl =Mkr Lvl

Sets the reference level to the current marker level.

= Remote: CALC:MARK: FUNC:REF

Min

Sets the active marker/delta marker to the minimum of the selected trace.

If the Spectrogram Measurement option (K14) is activated, this softkey provides altered
functionality. For details refer to Min softkey in the marker—> menu of this option.

= Remote: CALC:MARK:MIN
= Remote: CALC:DELT:MIN

Next Min

Sets the active marker/delta marker to the next minimum of the selected trace according to the
mode selected using the Next Min Mode < abs > softkey.

If the Spectrogram Measurement option (K14) is activated, this softkey provides altered
functionality. For details refer to Next Min softkey in the marker—> menu of this option.

= Remote: CALC:MARK:MIN:NEXT
= Remote: CALC:DELT :MIN:NEXT

Next Min Mode < abs >

Selects the mode of the Next Min softkey. Three settings are available:

< Sets the active marker/delta marker to the next minimum left to the marker of the
selected trace.

abs  Sets the active marker/delta marker to the next higher minimum of the selected
trace.
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> Sets the active marker/delta marker to the next minimum right to the marker of the
selected trace.

If the Spectrogram Measurement option (K14) is activated, this softkey provides altered
functionality. For details refer to Next Min X Search < abs > and Next Min Y Search up/abs/dn
softkeys in the marker—> menu of this option.

= Remote: CALC:MARK:MAX: LEFT
= Remote: CALC:DELT:MAX: LEFT

Search Limits

Opens a submenu to set the limits for maximum or minimum search in the x and y direction.

= Remote: CALC:MARK:X:SLIM ON

Left Limit

Opens an edit dialog box to enter a value for the lower limit (left vertical line: S1 for span > 0; T1
for zero span). The search is performed between the lines of the left and right limit (see also
Right Limit softkey).

= Remote: CALC:MARK:X:SLIM:LEFT 1MHZ

Right Limit

Opens an edit dialog box to enter a value for the upper limit (left vertical line: S2 for span > 0; T2
for zero span). The search is performed between the lines of the left and right limit (see also Left
Limit softkey). If no value is set, the upper limit corresponds to the stop frequency.

= Remote: CALC:MARK:X:SLIM:RIGH 10MHZ

Threshold

Opens an edit dialog box to define the threshold line. The threshold line represents the lower
level limit for a Peak search and the upper level limit for a Min search.

Opens an edit dialog box to define the threshold line. The threshold line represents the lower
limit of the peak search level range.

= Remote: CALC:THR -20dBm
= Remote: CALC: THR ON

Search Lim Off

Deactivates all limits of the search range.

= Remote: CALC:MARK:X:SLIM OFF
= Remote: CALC: THR: STAT OFF

Peak Excursion

Opens — for level measurements — an edit dialog box to enter the minimum level value by which
a signal must rise or fall so that it will be identified as a maximum or a minimum by the search
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functions. Entries from 0 dB to 80 dB are allowed; the resolution is 0.1 dB. The default setting for
the peak excursion is 6 dB.

For details see also "To specify the suitable peak excursion" on page 3.53 and "Effect of different
peak excursion settings (example)" on page 3.54.

= Remote: CALC:MARK:PEXC 10dB

Exclude LO

Switches the frequency range limit for the marker search functions on or off.

activated minimum frequency > 6 x resolution bandwidth (RBW)

Because of the interference by the first local oscillator to the first
intermediate frequency at the input mixer, the LO is represented as a
signal at 0 Hz. To avoid the marker jumping to the LO at 0 Hz with the
peak function when setting the display range, this frequency is
excluded.

deactivated no restriction to the search range. The frequency 0 Hz is included in
the marker search functions.

= Remote: CALC:MARK:LOEX ON

Auto Max Peak / Auto Min Peak

Adds an automatic peak search action for marker 1 at the end of each particular sweep. This
function may be used during adjustments of a device under test to keep track of the actual peak
marker position and level.

The actual marker search limit settings (Left Limit, Right Limit, Threshold, Exclude LO
softkeys) are taken into account.

= Remote: CALC:MARK:MIN:AUTO ON
= Remote: CALC:MARK:MAX:AUTO ON
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Power Measurements — MEAS Key

With its power measurement functions the R&S FSL is able to measure all the necessary parameters
with high accuracy in a wide dynamic range.

A modulated carrier is almost always used (except e.g. SSB—AM) for high—frequency transmission of
information. Due to the information modulated upon the carrier, the latter covers a spectrum which is
defined by the modulation, the transmission data rate and the signal filtering. Within a transmission
band each carrier is assigned a channel taking into account these parameters. In order to ensure error—
free transmission, each transmitter must be conforming to the specified parameters. These include
among others:

e the output power
e the occupied bandwidth, i.e. the bandwidth which must contain a defined percentage of the power
e the power dissipation allowed in the adjacent channels

The MEAS key is used for complex measurement functions as power measurements, occupied
bandwidth, signal statistic, carrier to noise spacing, AM modulation depth, third—order intercept point,
harmonics and spurious emissions. For measurement examples refer to the Operating Manual on CD,
chapter "Advanced Measurement Examples" and to the Quick Start Guide, chapter 5, "Basic
Measurement Examples".

The following measurements can be performed:

e Power in zero span (Time Domain Power softkey; for details see "Power measurement " on page
3.62)

e Channel power and adjacent—channel power with span > 0 and with a single or several carriers
(CP, ACP, MC—ACP softkey)

e Occupied bandwidth (OBW softkey, for details see "Measurement of occupied bandwidth" on page
3.63)

e Carrier-to—noise ratio (C/N, C/No softkey)

e Amplitude probability distribution (APD and CCDF softkeys, for details refer to the Operating
Manual on CD, chapter "Advanced Measurement Examples", "Amplitude Distribution
Measurement")

e Modulation depth (AM Mod Depth softkey)

e 3rd order intercept (TOI softkey, for details refer to the Operating Manual on CD, chapter
"Advanced Measurement Examples”, "Intermodulation Measurements")

To open the power measurement menu
» Press the MEAS key.

The power measurement menu is displayed.

Menu and softkey description
"Softkeys of the power measurement menu" on page 3.66

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".
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Further information

— "Power measurement in zero span” on page 3.62

— "Measurement of occupied bandwidth" on page 3.63
— "Predefined CP / ACP standards" on page 3.63

— "Settings of CP / ACP test parameters" on page 3.64

Tasks

— To measure the power in zero span
— To set the channel configuration

— To measure the occupied bandwidth
— To measure signal statistics

— To measure the carrier—to—noise ratio

To measure the power in zero span
1. Press the Time Domain Power softkey to activate the power measurement.
The corresponding submenu is displayed.

2. To limit the power evaluation range, switch on the limits (Limits On/Off softkey) and enter the limits
by using the Left Limit and Right Limit softkeys.

3. Select the type of power measurement by using the Mean or RMS softkey. (RMS or mean power),
the settings for max hold and averaging as well as the definition of limits.

To calculate and display the peak value, press the Peak softkey.

To calculate and display the standard deviation from the mean value, press the Std Dev softkey.

To set the channel configuration
1. Press the CP, ACP, MC-ACP softkey to active channel or adjacent—channel power measurement.
The corresponding submenu is displayed.

2. To use a predefined standard for measurement, press the CP / ACP Standard softkey (for details
on available standards see "Predefined CP / ACP standards" on page 3.63).

3. To configure the parameters independently of the predefined standards, press the CP / ACP
Config softkey (for details see "Settings of CP / ACP test parameters" on page 3.64).

To enter the sweep time, press the Sweep Time softkey.
To display the whole diagram, press the Full Size Diagram softkey.

To adjust the reference level to the measured channel power, press the Adjust Ref Level softkey.

To measure the occupied bandwidth

1. Press the OBW softkey to activate the measurement of the occupied bandwidth (for details see also
"Measurement of occupied bandwidth" on page 3.63).

The corresponding submenu is displayed.

2. Press the % Power Bandwidth softkey to enter the percentage of power.
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3. To change the channel bandwidth for the transmission channel, press the Channel Bandwidth
softkey.

4. To optimize the settings for the selected channel configuration, press the Adjust Settings softkey
(for details see also "Settings of CP / ACP test parameters" on page 3.64).

5. To adjust the reference level to the measured total power after the first sweep, press the Adjust
Ref Lvl softkey.

To measure signal statistics

e To activate and configure the measurement of the amplitude probability distribution (APD), press
the APD softkey (for details refer to the Operating Manual on CD, chapter "Advanced Measurement
Examples", "Amplitude Distribution Measurement").

The corresponding submenu is displayed.

e To activate and configure the measurement of the complementary cumulative distribution (CCDF),
press the CCDF softkey (for details refer to the Operating Manual on CD, chapter "Advanced
Measurement Examples", "Amplitude Distribution Measurement").

The corresponding submenu is displayed.

To measure the carrier-to—noise ratio

1. Press the CIN, C/No softkey to configure the carrier—to—noise ratio measurement.
The corresponding submenu is displayed.
To activate the measurements without reference to the bandwidth, press the C/N softkey.
To activate the measurements with reference to the bandwidth, press the C/No softkey.

To change the channel bandwidth for the transmission channel, press the Channel Bandwidth
softkey.

5. To optimize the settings for the selected channel configuration, press the Adjust Settings softkey
(for details see also "Settings of CP / ACP test parameters" on page 3.64).

Power measurement in zero span

With the aid of the power measurement function, the R&S FSL determines the power of the signal in
zero span by summing up the power at the individual measurement points and dividing the result by the
number of measurement points. In this way it is possible to measure for example the power of TDMA
signals during transmission or during the muting phase. Both the mean power and the RMS power can
be measured by means of the individual power values.

The result is displayed in the marker field. The measured values are updated after each sweep or
averaged over a user—defined number of sweeps in order to determine e.g. the mean power over
several bursts. For determination of the peak value the maximum value from several sweeps is
displayed.

If both the on and off phase of a burst signal are displayed, the measurement range can be limited to
the transmission or to the muting phase with the aid of vertical lines. The ratio between signal and noise
power of a TDMA signal for instance can be measured by using a measurement as a reference value
and after that varying the measurement range.

Upon switching on power measurement the sample detector is activated.
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Measurement of occupied bandwidth

An important characteristic of a modulated signal is its occupied bandwidth. In a radio communications
system for instance the occupied bandwidth must be limited to enable distortion—free transmission in
adjacent channels. The occupied bandwidth is defined as the bandwidth containing a defined
percentage of the total transmitted power. A percentage between 10% and 99.9% can be set.

The measurement principle is the following: The bandwidth containing 99% of the signal power is to be
determined, for example. The routine first calculates the total power of all displayed points of the trace.
In the next step, the points from the right edge of the trace are summed up until 0.5% of the total power
is reached. Auxiliary marker 1 is positioned at the corresponding frequency. Then the points from the
left edge of the trace are summed up until 0.5% of the power is reached. Auxiliary marker 2 is
positioned at this point. 99% of the power is now between the two markers. The distance between the
two frequency markers is the occupied bandwidth which is displayed in the marker field.

To ensure correct power measurement, especially for noise signals, and to obtain the correct occupied
bandwidth, the following prerequisites and settings are necessary:

e Only the signal to be measured is displayed on the screen. An additional signal would falsify the
measurement.

e RBW << occupied bandwidth
(approx. 1/20 of occupied bandwidth, for voice communication type 300 Hz or 1 kHz)

e VBW > 3 xRBW
e RMS detector
e Span > 2 to 3 x occupied bandwidth

Some of the measurement specifications (e.g. PDC, RCR STD-27B) require measurement of the
occupied bandwidth using a peak detector. The detector setting of the R&S FSL has to be changed
accordingly then.

Predefined CP / ACP standards

The test parameters for the channel and adjacent-channel measurements are set according to the
mobile radio standard. The available standards are listed below.

« NADC IS136
« TETRA

« PDC

« PHS

« CDPD

e CDMA IS95A FWD

e CDMA IS95A REV

e CDMA 1S95C Class 0 FWD
e CDMA IS95C Class 0 REV
e CDMA J-STDO008 FWD

e CDMA J-STDO008 REV

e CDMA 1S95C Class 1 FWD
e CDMA IS95C Class 1 REV
e W-CDMA 4.096 FWD
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e W-CDMA 4.096 REV
e W-CDMA 3GPP FWD
e W-CDMA 3GPP REV
e CDMA 2000 DS

e CDMA 2000 MC1

e CDMA 2000 MC3

e TD-SCDMA FWD

e TD-SCDMA REV

e WLAN 802.11A

e WLAN 802.11B

o  WIMAX

e WIBRO

Note: Forthe R&S FSL, the channel spacing is defined as the distance between the center frequency
of the adjacent channel and the center frequency of the transmission channel. The definition of
the adjacent—channel spacing in standards IS95 B/ C, IS97 B/ C, I1IS98 B / C and CDMA 2000
DS / MC1 / MC3 is different. These standards define the adjacent—channel spacing from the
center of the transmission channel to the closest border of the adjacent channel. This definition
is also used for the R&S FSL if the standard settings marked with a dagger are selected.

Settings of CP / ACP test parameters
e Frequency span

The frequency span must at least cover the channels to be measured plus a measurement margin
of approx. 10%.

Note: If the frequency span is large in comparison to the channel bandwidth (or the adjacent—channel
bandwidths) being examined, only a few points on the trace are available per channel. This
reduces the accuracy of the waveform calculation for the channel filter used, which has a
negative effect on the measurement accuracy. It is therefore strongly recommended that the
formulas mentioned be taken into consideration when selecting the frequency span.

For channel power measurements the Adjust Settings softkey sets the frequency span as follows:

(No. of transmission channels — 1) x transmission channel spacing + 2 x transmission channel
bandwidth + measurement margin

For adjacent—channel power measurements, the Adjust Settings softkey sets the frequency span
as a function of the number of transmission channels, the transmission channel spacing, the
adjacent—-channel spacing, and the bandwidth of one of adjacent—channels ADJ, ALT1 or ALT2,
whichever is furthest away from the transmission channels:

(No. of transmission channels — 1) x transmission channel spacing + 2 x (adjacent—channel
spacing + adjacent—channel bandwidth) + measurement margin

The measurement margin is approx. 10% of the value obtained by adding the channel spacing and
the channel bandwidth.
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¢ Resolution bandwidth (RBW)

To ensure both, acceptable measurement speed and required selection (to suppress spectral
components outside the channel to be measured, especially of the adjacent channels), the
resolution bandwidth must not be selected too small or too large. As a general approach, the
resolution bandwidth is to be set to values between 1% and 4% of the channel bandwidth.

A larger resolution bandwidth can be selected if the spectrum within the channel to be measured
and around it has a flat characteristic. In the standard setting, e.g. for standard IS95A REV at an
adjacent channel bandwidth of 30 kHz, a resolution bandwidth of 30 kHz is used. This yields correct
results since the spectrum in the neighborhood of the adjacent channels normally has a constant
level. For standard NADC/IS136 this is not possible for example, since the spectrum of the transmit
signal penetrates into the adjacent channels and a too large resolution bandwidth causes a too low
selection of the channel filter. The adjacent—channel power would thus be measured too high.

With the exception of the IS95 CDMA standards, the Adjust Settings softkey sets the resolution
bandwidth (RBW) as a function of the channel bandwidth:

RBW < 1/40 of channel bandwidth

The maximum possible resolution bandwidth (with respect to the requirement RBW < 1/40)
resulting from the available RBW steps (1, 3) is selected.

e Video bandwidth (VBW)

For a correct power measurement, the video signal must not be limited in bandwidth. A restricted
bandwidth of the logarithmic video signal would cause signal averaging and thus result in a too low
indication of the power (—2.51 dB at very low video bandwidths). The video bandwidth should
therefore be selected at least three times the resolution bandwidth:

VBW > 3 x RBW

The Adjust Settings softkey sets the video bandwidth (VBW) as a function of the channel
bandwidth (see formula above) and the smallest possible VBW with regard to the available step
size will be selected.

e Detector

The Adjust Settings softkey selects the RMS detector. This detector is selected since it correctly
indicates the power irrespective of the characteristics of the signal to be measured. The whole IF
envelope is used to calculate the power for each measurement point. The IF envelope is digitized
using a sampling frequency which is at least five times the resolution bandwidth which has been
selected. Based on the sample values, the power is calculated for each measurement point using
the following formula:

Prus = 1. ﬁ:sz

RMS 1|y £ i
sj = linear digitized video voltage at the output of the A/D converter
N = number of A/D converter values per measurement point

Prus = power represented by a measurement point

When the power has been calculated, the power units are converted into decibels and the value is
displayed as a measurement point.

In principle, the sample detector would be possible as well. Due to the limited number of
measurement points used to calculate the power in the channel, the sample detector would yield
less stable results.
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e Trace averaging

The Adjust Settings softkey switches off this function. Averaging, which is often performed to
stabilize the measurement results, leads to a too low level indication and should therefore be
avoided. The reduction in the displayed power depends on the number of averages and the signal
characteristics in the channel to be measured.

e Reference level

The Adjust Settings softkey does not influence the reference level. It can be separately adjusted
using the Adjust Settings softkey.

Softkeys of the power measurement menu

The following table shows all softkeys available in the power measurement menu. It is possible that
your instrument configuration does not provide all softkeys. If a softkey is only available with a special
option, model or (measurement) mode, this information is delivered in the corresponding softkey
description.

Menu / Command Submenu / Submenu / Command
Command Command

All Functions Off
TOl 'V Marker 1
Marker 2
Marker 3
Marker 4

Search Signals

AM Mod Depth ¥ same contents as
TOIl menu

Time Domain Power ¥ Peak

RMS

Mean

Std Dev

Limits On/Off

Left Limit

Right Limit
CIN,C/No ¥ CIN

C/No

Channel Bandwidth
Adjust Settings

CP, ACP, MC-ACP V¥ CP / ACP Standard
CP /ACP Config ¥ # of TX Chan
# of Adj Chan

Channel Settings Channel Bandwidth
v

Channel Spacing
Chan Pwr/Hz
ACP Ref Settings
Adjust Ref Level
Adjust Settings
Limit Checking ¥ Limit Chk On/Off
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Menu / Command Submenu / Submenu / Command
Command Command
Edit ACP Limit
Power Mode ¥ Clear/Write
Max Hold
Select Trace
Adjust Settings
Sweep Time
Fast ACP On/Off
ACP Abs/Rel

Adjust Ref Level

APD menu

More ¥
All Functions Off
OBW Vv % Power Bandwidth
Channel Bandwidth
Adjust Ref Lvl
Adjust Settings
APD V Percent Marker
Res BW
# of Samples
Scaling ¥ x—Axis Ref Level
x—Axis Range
y—Axis Max Value
y—Axis Min Value
Adjust Settings
Default Settings
Adjust Settings
Cont Meas
Single Meas
CCDF v same contents as

Harmonic Distortion ¥

Harmonic On/Off

No. of Harmonics

Harmonic Sweep
Time

Harmonic RBW Auto

Adjust Settings

Full Size Diagram

All Functions Off

Switches off all power measurement functions.

= Remote: CALC:MARK:FUNC:<function> OFF
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TOI

Opens a submenu and activates the measurement of the 3rd order intercept point.

A two—tone signal with equal carrier levels is expected at the R&S FSL input. Marker 1 and
marker 2 (both normal markers) are set to the maximum of the two signals. Marker 3 and marker
4 (both delta markers) are placed on the intermodulation products. When the function is
enabled, the frequency entry is activated for the delta markers. They can be set manually.

The R&S FSL calculates the third order intercept point from the level spacing between normal
markers and delta markers and displays it in the marker field.

= Remote: CALC:MARK:FUNC:TOI ON
= Remote: CALC:MARK:FUNC:TOI:RES?

Search Signals

Activates all markers.

= Remote: CALC:MARK:FUNC:TOI:RES?

AM Mod Depth

Opens a submenu and activates the measurement of the AM modulation depth. An AM—
modulated carrier is required on the screen for ensuring correct operation.

The level value of marker 1 is taken as the carrier level. When this function is activated, marker
2 and marker 3 are automatically set symmetrically to the carrier on the adjacent peak values of
the trace as delta markers and marker 2 is activated for the entry.

When the position of marker 2 (delta) is changed, marker 3 (delta) is moved symmetrically with
respect to the reference marker (marker 1).

If the edit dialog box is opened for marker 3, the latter can be moved for fine adjustment
irrespective of marker 2.

The R&S FSL calculates the power at the marker positions from the measured levels. The AM
modulation depth is calculated from the ratio between the power values at the reference marker
and at the delta markers. If the powers of the two AM side bands are unequal, the mean value of
the two power values is used for AM modulation depth calculation.

= Remote: CALC:MARK: FUNC : MDEP ON
= Remote: CALC:MARK: FUNC : MDEP:RES?

Time Domain Power (zero span)

Activates the power measurement in zero span and opens a submenu to configure the power
measurement. For more details see also "Power measurement in zero span" on page 3.62.

= Remote: CALC:MARK: FUNC: SUMM: STAT ON

Peak (zero span)

Activates the calculation of the peak value from the points of the displayed trace or a segment
thereof. For more details see also "Power measurement in zero span" on page 3.62.

= Remote: CALC:MARK: FUNC: SUMM: PPE ON
= Remote: CALC:MARK: FUNC: SUMM: PPE : RES?
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RMS (zero span)

Activates the calculation of the RMS value from the points of the displayed trace or a segment
thereof. For more details see also "Power measurement in zero span" on page 3.62.

= Remote: CALC:MARK: FUNC: SUMM:RMS ON
= Remote: CALC:MARK: FUNC: SUMM: RMS : RES?

Mean (zero span)

Activates the calculation of the mean value from the points of the displayed trace or a segment
thereof. The linear mean value of the equivalent voltages is calculated.

This can be used for instance to measure the mean power during a GSM burst.
For more details see also "Power measurement in zero span" on page 3.62.

= Remote: CALC:MARK: FUNC: SUMM: MEAN ON
= Remote: CALC:MARK: FUNC: SUMM: MEAN :RES?

Std Dev (zero span)

Activates the calculation of the standard deviation of measurement points from the mean value
and displays them as measured value. The measurement of the mean power is automatically
switched on at the same time. For more details see also "Power measurement in zero span" on
page 3.62.

= Remote: CALC:MARK: FUNC: SUMM: SDEV ON
= Remote: CALC:MARK: FUNC: SUMM: SDEV:RES?

Limits On/Off (zero span)

Switches the limitation of the evaluation range on or off. Default setting is off.

If switched off, the evaluation range is not limited. If switched on, the evaluation range is defined
by the left and right limit. If only one limit is set, it corresponds to the left limit and the right limit is
defined by the stop frequency. If the second limit is also set, it defines the right limit.

For more details see also "Power measurement in zero span" on page 3.62.

= Remote: CALC:MARK:X:SLIM OFF

Left Limit (zero span)

Opens an edit dialog box to enter a value for line 1. For more details see also "Power
measurement in zero span” on page 3.62.

= Remote: CALC:MARK:X:SLIM:LEFT <value>

Right Limit (zero span)

Opens an edit dialog box to enter a value for line 2. For more details see also "Power
measurement in zero span” on page 3.62.

= Remote: CALC:MARK:X:SLIM:RIGH <value>
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C/N, C/No (span > 0)

Opens a submenu to configure the carrier/noise ratio measurement. Measurements without
(C/N) and measurements with reference to the bandwidth (C/No) are possible.

C/N (span > 0)

Switches the measurement of the carrier/noise ratio on or off. If no marker is active, marker 1 is
activated.

The measurement is performed on the trace where marker 1 is located. To shift marker 1 and
measure another trace, use the Marker to Trace softkey in the marker menu. To determine the

maximum value of the current trace, use the Phase Noise/Ref Fixed softkey in the marker
menu.

= Remote: CALC:MARK:FUNC:POW: SEL CN

= Remote: CALC:MARK:FUNC:POW:RES? CN
= Remote: CALC:MARK:FUNC:POW OFF

C/No (span > 0)

Switches the measurement of the carrier/noise ratio with reference to a 1 Hz bandwidth on or
off. If no marker is active, marker 1 is activated.

The measurement is performed on the trace where marker 1 is located. To shift marker 1 and
measure another trace, use the Marker to Trace softkey in the marker menu. To determine the

maximum value of the current trace, use the Phase Noise/Ref Fixed softkey in the marker
menu.

= Remote: CALC:MARK:FUNC:POW:SEL CNO

= Remote: CALC:MARK:FUNC:POW:RES? CNO
= Remote: CALC:MARK:FUNC:POW OFF

Channel Bandwidth (span > 0)

Opens an edit dialog box to enter the measurement channel bandwidth. The default setting is 14
kHz.

= Remote: POW:ACH:BWID 30kHz

Adjust Settings (span > 0)

Enables the RMS detector (see also "Detector overview" on page 3.36) and adjusts the span to
the selected channel bandwidth according to:

4 x channel bandwidth + measurement margin
The adjustment is performed once; if necessary, the setting can be changed later on.

= Remote: POW:ACH: PRES CN | CNO
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CP, ACP, MC-ACP

Activates the active channel or adjacent—channel power measurement either for a single carrier
signal or for several carrier signals, depending on the current measurement configuration, and
opens a submenu to configure the channel power measurement. With default settings the
measurement is performed by integrating the powers at the display points within the specified
channels (IBW method).

If multi—carrier ACP measurement is activated, the number of measured values is increased to
ensure that adjacent—channel powers are measured with adequate accuracy.

= Remote: CALC:MARK: FUNC: POW: SEL CPOW|ACP |MCAC
= Remote: CALC:MARK: FUNC: POW:RES? CPOW|ACP|MCAC
= Remote: CALC:MARK: FUNC: POW OFF

CP / ACP Standard

Opens an edit dialog box to select the settings according to predefined standards. For details on
the available standards see "Predefined CP / ACP standards" on page 3.63. By default no
standard is set.

The selection of the standard influences the following parameters:

— channel spacing and adjacent—channel spacing

— channel bandwidth, adjacent—channel bandwidth, and type of filtering

— resolution bandwidth

— video bandwidth

— detector

— # of adjacent channels

— trace averaging (switched off)

= Remote: CALC:MARK:FUNC:POW: PRES <standard>

CP / ACP Config

Opens a submenu to configure the channel power and adjacent channel power measurement
independently of the predefined standards (for details see also "To set the channel
configuration" on page 3.61 and "Settings of CP / ACP test parameters" on page 3.64).

# of TX Chan (MC-ACP)

Opens an edit dialog box to enter the number of carrier signals to be taken into account in
channel and adjacent—channel power measurements. Values from 1 to 12 are allowed.

= Remote: POW:ACH: TXCH:COUN 4
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# of Adj Chan

Opens an edit dialog box to enter the number of adjacent channels to be considered in the
adjacent—-channel power measurement. Values from 0 to 12 are allowed.

The following measurements are performed depending on the number of the channels:

0
1

12

Only the channel powers are measured.

The channel powers and the power of the upper and lower adjacent channel are
measured.

The channel powers, the power of the upper and lower adjacent channel, and of the
next higher and lower channel (alternate channel 1) are measured.

The channel power, the power of the upper and lower adjacent channel, the power of
the next higher and lower channel (alternate channel 1), and of the next but one
higher and lower adjacent channel (alternate channel 2) are measured.

The channel power, the power of the upper and lower adjacent channel, and the
power of the all higher and lower channels (alternate channel 1 to 11) are measured.

= Remote: POW:ACH:ACP 1

Channel Settings

Opens a submenu to define the channel settings.
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Channel Bandwidth

Opens the TX/ACP Channel Bandwidth dialog box to enter the channel bandwidths for the
transmission channels and the adjacent channels. The entry TX is only available for the multi—
carrier ACP measurement.

The transmission—channel bandwidth is normally defined by the transmission standard. The
correct bandwidth is set automatically for the selected standard (see CP / ACP Standard
softkey).

Measurements in zero span (see Fast ACP On/Off softkey) are performed in the zero span
mode. The channel limits are indicated by vertical lines. For measurements requiring channel
bandwidths deviating from those defined in the selected standard the IBW method is to be used.

With the IBW method (see Fast ACP On/Off softkey), the channel bandwidth limits are marked
by two vertical lines right and left of the channel center frequency. It can in this way be visually
checked whether the entire power of the signal under test is within the selected channel
bandwidth.

If measuring according to the IBW method (Fast ACP Off), the bandwidths of the different
adjacent channels are to be entered numerically. Since all adjacent channels often have the
same bandwidth, the other channels Alt1 and Alt2 are set to the bandwidth of the adjacent
channel on entering the adjacent—channel bandwidth (ADJ). Thus only one value needs to be
entered in case of equal adjacent channel bandwidths. The same holds true for the ALT2
channels (alternate channels 2) if the bandwidth of the ALT1 channel (alternate channel 1) is
entered.

For details on available channel filters see "To choose the appropriate filter" on page 3.15.
= Remote: POW:ACH:BWID 30kHz
= Remote: POW:ACH:BWID:ACH 30kHz
= Remote: POW:ACH:BWID:ALT2 30kHz

Channel Spacing

Opens the TX/ACP Channel Spacing dialog box to enter the channel spacings.
The entry TX is only available for the multi—carrier ACP measurement.

Since all the adjacent channels often have the same distance to each other, the modification of
a channel spacing causes a change in all higher adjacent channel spacings: they are all
multiplied by the same factor (new spacing value / old spacing value). Thus only one value
needs to be entered in case of equal channel spacing. The lower adjacent channels remain
unchanged.

Example:

In the default setting, the adjacent channels have the following spacing: 20 kHz (ADJ), 40 kHz
(ALT1), 60 kHz (ALT2), 80 kHz (ALT3), 100 kHz (ALT4), ...

If the spacing of the first adjacent channel (ADJ) is set to 40 kHz, the spacing of all other
adjacent channels is multiplied by factor 2 to result in 80 kHz (ALT1), 120 kHz (ALT2), 160 kHz
(ALT3), ...

If, starting from the default setting, the spacing of the 5th adjacent channel (ALT4) is set to 150
kHz, the spacing of all other adjacent channels is multiplied by factor 1.5 to result in 180 kHz
(ALTS5), 210 kHz (ALT®6), 240 kHz (ALT7), ...

= Remote: POW:ACH: SPAC:CHAN 25kHz
= Remote: POW:ACH: SPAC 33kHz
= Remote: POW:ACH:SPAC:ALT1 100kHz
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Chan Pwr/Hz

Switches the display unit for channel power measurements between dBm (total channel power)
and Hz (channel power referenced to a 1 Hz bandwidth). The conversion factor is
1

10x1g
channelbandwidth

By means of this function it is possible e.g. to measure the signal/noise power density or use the
additional functions ACP Abs/Rel and ACP Ref Settings to obtain the signal to noise ratio.

= Remote: CALC:MARK:FUNC:POW:RES:PHZ ON

ACP Ref Settings (MC—ACP)

Opens an edit dialog box to select the transmission channel to which the adjacent—channel
relative power values should be referenced.

TX Channel 1 -12 Selection of one of channels 1 to 12.

Min Power TX Channel The transmission channel with the lowest power is used as a
reference channel.

Max Power TX Channel The transmission channel with the highest power is used as a
reference channel.

Lowest & Highest The outer left-hand transmission channel is the reference

Channel channel for the lower adjacent channels, the outer right-hand

transmission channel that for the upper adjacent channels.

= Remote: POW:ACH:REF: TXCH:MAN 3
= Remote: POW:ACH:REF: TXCH:AUTO MAX

Limit Checking

Opens a submenu to activate and define the limits for the ACP measurement.

Limit Chk On/Off

Activates or deactivates the limit check for the ACP measurement.
= Remote: CALC:LIM:ACP ON
= Remote: CALC:LIM:ACP:ACH:RES?
= Remote: CALC:LIM:ACP:ALT:RES?
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Edit ACP Limit

11111

Opens the ACP Limits dialog box to define the limits for the ACP measurement.

The following rules apply for the limits:

— A separate limit can be defined for each adjacent channel. The limit applies to both the upper
and the lower adjacent channel.

— A relative and/or absolute limit can be defined. The check of both limit values can be activated
independently.

— The R&S FSL checks adherence to the limits irrespective of whether the limits are absolute or
relative or whether the measurement is carried out with absolute or relative levels. If both limits
are active and if the higher of both limit values is exceeded, the measured value is marked by a
preceding asterisk.

Remote: CALC:LIM:ACP ON

Remote: CALC:LIM:ACP:<adjacent—channel> 0dB, 0dB

Remote: CALC:LIM:ACP:<adjacent—-channel>:STAT ON

Remote: CALC:LIM:ACP:<adjacent—-channel>:ABS -10dBm, -10dBm

Remote: CALC:LIM:ACP:<adjacent—-channel>:ABS:STAT ON

For details refer to chapter "Remote Control — Commands", section "CALCulate:LIMit: ACPower
Subsystem".

Power Mode

Opens a submenu to select the power mode.

Clear/Write

L ad

If this mode is activated, the channel power and the adjacent channel powers are calculated
directly from the current trace (default mode).

Remote: CALC:MARK: FUNC : POW:MODE WRIT

Max Hold

L ad

If this mode is activated, the power values are calculated from the current trace and compared
with the previous power value using a maximum algorithm. The higher value is retained. If
activated, the enhancement label Pwr Max is displayed.

Remote: CALC:MARK: FUNC : POW:MODE MAXH

Select Trace

L ad

Opens an edit dialog box to enter the trace number on which the CP/ACP measurement is to be
performed. Only activated traces can be selected (for details on trace modes see "Trace mode
overview" on page 3.34).

Remote: POW: TRAC 2

1303.6573.42 3.75 E-2



Power Measurements — MEAS Key R&S ZVL-K1

Adjust Settings

Optimizes automatically all instrument settings for the selected channel configuration (channel
bandwidth, channel spacing) within a specific frequency range (channel bandwidth). The
adjustment is carried out only once. If necessary, the instrument settings can be changed later.

For details on the settings of span, resolution bandwidth, video bandwidth, detector and trace
averaging see "Settings of CP / ACP test parameters" on page 3.64.

= Remote: POW:ACH:PRES ACP

Sweep Time

Opens an edit dialog box to enter the sweep time. With the RMS detector, a longer sweep time
increases the stability of the measurement results.

The function of this softkey is identical to the Sweeptime Manual softkey in the bandwidth
menu.

= Remote: SWE:TIM <value>

Fast ACP On/Off

Switches between the IBW method (Fast ACP Off) and the zero span method (Fast ACP On).

When switched on, the R&S FSL sets the center frequency consecutively to the different
channel center frequencies and measures the power with the selected measurement time (=
sweep time/number of channels). The RBW filters suitable for the selected standard and
frequency offset are automatically used (e.g. root raised cos with IS 136). For details on
available channel filters see "To choose the appropriate filter" on page 3.15.

The RMS detector is used for obtaining correct power measurement results. Therefore this
requires no software correction factors.

Measured values are output as a list. The powers of the transmission channels are output in
dBm, the powers of the adjacent channels in dBm.

The sweep time is selected depending on the desired reproducibility of results. Reproducibility
increases with sweep time since power measurement is then performed over a longer time
period. As a general approach, it can be assumed that approx. 500 non—correlated measured
values are required for a reproducibility of 0.5 dB (99% of the measurements are within 0.5 dB of
the true measured value). This holds true for white noise. The measured values are considered
as non—correlated if their time interval corresponds to the reciprocal of the measured bandwidth.

With IS 136 the measurement bandwidth is approx. 25 kHz, i.e. measured values at an interval
of 40 ys are considered as non—correlated. A measurement time of 40 ms is thus required per
channel for 1000 measured values. This is the default sweep time which the R&S FSL sets in
coupled mode. Approx. 5000 measured values are required for a reproducibility of 0.1 dB (99%),
i.e. the measurement time is to be increased to 200 ms.

= Remote: POW:HSP ON

ACP Abs/Rel

Switches between absolute and relative power measurement in the adjacent channels.

Abs The absolute power in the adjacent channels is displayed in the unit of the y—axis,
e.g. in dBm, dBpV.
Rel The level of the adjacent channels is displayed relative to the level of the

transmission channel in dBc.
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= Remote: POW:ACH:MODE REL

Adjust Ref Level

Adjusts the reference level to the measured channel power. This ensures that the settings of the
RF attenuation and the reference level are optimally adjusted to the signal level without
overloading the R&S FSL or limiting the dynamic range by a too small S/N ratio. For details on
manual settings see "Settings of CP / ACP test parameters" on page 3.64.

The reference level is not influenced by the selection of a standard. To achieve an optimum
dynamic range, the reference level has to be set in a way that places the signal maximum close
to the reference level without forcing an overload message. Since the measurement bandwidth
for channel power measurements is significantly lower than the signal bandwidth, the signal path
may be overloaded although the trace is still significantly below the reference level.

= Remote: POW:ACH:PRES:RLEV

OBW (span > 0)

Activates measurement of the occupied bandwidth according to the current configuration and
opens a submenu to configure the measurement. The occupied bandwidth is displayed in the
marker display field and marked on the trace by temporary markers. For details see also
"Measurement of occupied bandwidth" on page 3.63.

The measurement is performed on the trace with marker 1. In order to evaluate another trace,
marker 1 must be placed on another trace (see Marker to Trace softkey in the marker menu).

= Remote: CALC:MARK: FUNC: POW: SEL OBW
= Remote: CALC:MARK:FUNC:POW:RES? OBW
= Remote: CALC:MARK:FUNC:POW OFF

% Power Bandwidth (span > 0)

Opens an edit dialog box to enter the percentage of total power in the displayed frequency range
which defines the occupied bandwidth. Values from 10% to 99.9% are allowed.

= Remote: POW:BWID 95PCT

Channel Bandwidth (span > 0)

Opens an edit dialog box to enter the channel bandwidth for the transmission channel. The
specified channel bandwidth is used for optimization of the test parameters (for details see
"Settings of CP / ACP test parameters" on page 3.64). The default setting is 14 kHz.

For measurements in line with a specific transmission standard, the bandwidth specified by the
standard for the transmission channel must be entered.

= Remote: POW:ACH:BWID 30kHz
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Adjust Ref Lvl (span > 0)

Adjusts the reference level to the measured total power of the signal. The softkey is activated
after the first sweep with active measurement of the occupied bandwidth has been completed
and the total power of the signal is thus known.

Adjusting the reference level ensures that the signal path will not be overloaded and the
dynamic range not limited by too low a reference level. Since the measurement bandwidth for
channel power measurements is significantly lower than the signal bandwidth, the signal path
may be overloaded although the trace is distinctly below the reference level. If the measured
channel power is equal to the reference level, the signal path cannot be overloaded.

= Remote: POW:ACH:PRES:RLEV

APD

Activates the function to measure the amplitude probability density (APD) and opens a
submenu.

= Remote: CALC:STAT:APD ON

Percent Marker

Opens an edit dialog box to enter a probability value and to position marker 1. Thus, the power
which is exceeded with a given probability can be determined very easily. If marker 1 is
deactivated, it will be switched on automatically.

= Remote: CALC:MARK:Y:PERC 0...100%

Res BW

Opens an edit dialog box to set the resolution bandwidth directly. The function of this softkey is
identical to the Res BW Manual softkey in the bandwidth menu.

For correct measurement of the signal statistics the resolution bandwidth has to be wider than
the signal bandwidth in order to measure the actual peaks of the signal amplitude correctly. In
order not to influence the peak amplitudes the video bandwidth is automatically set to 10 MHz.
The sample detector is used for detecting the video voltage.

= Remote: BAND 3 MHz

# of Samples

Opens an edit dialog box to set the number of power measurements that are taken into account
for the statistics.

Apart from the number of measurements the overall measurement time depends also on the set
resolution bandwidth as the resolution bandwidth directly influences the sampling rate.

= Remote: CALC:STAT:NSAM <value>

Scaling

Opens a submenu to change the scaling parameters of x— and y-axis.
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x—Axis Ref Level

Opens an edit dialog box to enter the reference level in the currently active unit (dBm, dBuV,
etc). The function of this softkey is identical to the Ref Level softkey in the amplitude menu.

For the APD function this value is mapped to the right diagram border. For the CCDF function
there is no direct representation of this value on the diagram as the x—axis is scaled relatively to
the measured mean power.

= Remote: CALC: STAT:SCAL:X:RLEV <value>

x—Axis Range

Opens the Range Log dialog box to select a value for the level range to be covered by the
statistics measurement selected. The function is identical to the Range Log softkey in amplitude
menu.

= Remote: CALC: STAT:SCAL:X:RANG <value>

y—Axis Max Value

Opens an edit dialog box to define the upper limit of the displayed probability range. Values on
the y—axis are normalized which means that the maximum value is 1.0. As the y—axis scaling
has a logarithmic axis the distance between max and min value must be at least one decade.

= Remote: CALC:STAT:SCAL:Y:UPP <value>

y—Axis Min Value

Opens an edit dialog box to define the lower limit of the displayed probability range. As the y—
axis scaling has a logarithmic axis the distance between max and min value must be at least
one decade. Values in the range 0 < value < 1 are allowed.

= Remote: CALC:STAT:SCAL:Y:LOW <value>

Default Settings

Resets the x— and y—axis scalings to their preset values.

x—axis ref level: —20 dBm
x—axis range APD: 100 dB
x—axis range CCDF: 20 dB
y—axis upper limit: 1.0
y—axis lower limit: 1E-6

= Remote: CALC:STAT:PRES
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Adjust Settings

Adjusts the level settings according to the measured difference between peak and minimum
power for APD measurement or peak and mean power for CCDF measurement in order to
obtain maximum power resolution. Adapts the probability scale to the selected number of
samples. Adjusts the reference level to the current input signal. For details see also Adjust Ref
Level softkey.

= Remote: CALC:STAT:SCAL:AUTO ONCE

Cont Meas

Starts to collect a new sequence of sample data and to calculate the APD or CCDF curve
depending on the selected measurement. The next measurement is started automatically as
soon as the indicated number of samples has been reached ("CONTinuous MEASurement").

= Remote: INIT:CONT ON
= Remote: INIT:IMM

Single Meas

Starts to collect a new sequence of sample data and to calculate the APD or CCDF curve
depending on the selected measurement. At the beginning of the measurement previously
obtained measurement results are discarded.

= Remote: INIT:CONT OFF
= Remote: INIT:IMM

CCDF

Activates the function to measure the complementary cumulative distribution function (CCDF)
and opens a submenu.

= Remote: CALC:STAT:CCDF ON

Harmonic Distortion

Opens a submenu to determine the settings for harmonics measurement and activates the
harmonic distortion measurement. With this measurement it is possible to measure easily the
harmonics e.g. from a VCO. In addition the THD (total harmonic distortion) is calculated in %
and dB.

With span > 0 Hz, an automatic search for the first harmonic is carried out within the set
frequency range. Also the level is adjusted. In zero span, the center frequency is unchanged.

In the upper pane, the zero span sweeps on all harmonics are shown, separated by display
lines. This provides a very good overview about the measurement. In the lower pane, the mean
RMS results are displayed in numerical values. The THD values are displayed in the marker
field.

= Remote: CALC:MARK: FUNC : HARM: STAT ON
= Remote: CALC:MARK:FUNC:HARM:DIST? TOT
= Remote: CALC:MARK:FUNC:HARM: LIST?
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Harmonic On/Off

Activates/deactivates the harmonic distortion measurement.

= Remote: CALC:MARK: FUNC : HARM: STAT ON

No. of Harmonics

Sets the number of harmonics that shall be measured. The range is from 1 to 26.

= Remote: CALC:MARK: FUNC : HARM: NHAR 2

Harmonic Sweep Time

For details refer to the Sweeptime Manual softkey in the bandwidth menu.

Harmonic RBW Auto

Enables/disables the automatic adjustment of the resolution bandwidth. The automatic
adjustment is carried out according to:

RBWn = RBW, *n
If RBW,, is not available, the next higher value is used.

= Remote: CALC:MARK: FUNC : HARM: BAND: AUTO OFF

Adjust Settings

Activates the frequency search in the frequency range that was set before starting the harmonic
measurement (if harmonic measurement was with span > 0) and adjusts the level.

= Remote: CALC:MARK: FUNC : HARM: PRES

Full Size Diagram (span > 0)

Displays the diagram in full screen size.

= Remote: DISP:SIZE LARG|SMAL
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Using Limit Lines and Display Lines — LINES Key

The LINES key is used to configure limit and display lines.

To open the lines menu
» Press the LINES key.

The lines menu and the Select Limit Line dialog box are displayed. For details on the Select Limit
Line dialog box refer to "To select a limit line" on page 3.83.

Menu and softkey description
"Softkeys of the lines menu" on page 3.87

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
"Display Lines" on page 3.86
"Limit Lines" on page 3.86

Task

— To work with display lines

— To select a limit line

— To create a new limit line

— To edit an existing limit line

— To create a new limit line based upon an existing limit line

— To activate/deactivate a limit line

To work with display lines

Initial situation: The line is switched on (softkey with highlighted background) or off (softkey without
highlighted background), for example the Display Line 1.

1. Press the Display Lines softkey.
2. Press the Display Line 1 softkey for the first time.

An edit dialog box is opened to enter the position of the display line (by rotary knob, step keys or
numerical entry). If the line was switched off, it is switched on. If it was switched on, it remains
switched on.

3. If another softkey is pressed, the edit dialog box for the Display Line 1 softkey is closed, but the
line remains switched on (softkey with highlighted background).

4. Press the Display Line 1 softkey for the second time.
The edit dialog box for the display line will be opened again.
5. Press the Display Line 1 softkey again.
The line is switched off (softkey without highlighted background).
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To select a limit line

1.

To

To display the Select Limit Line dialog box, press the LINES key or go to the main limit line menu.

Select Limit Line #

Traces| Show| Compatible

dBm - = yes

Yiew Filter: Show Directory Hide Directory

i~ Show compatible * Show all

Comment: Test

Offset: ¥:|0.00 Hz ¥:|0.00 dB

All limit lines, saved in the default directory, and all subdirectories are displayed. For each limit line,
the following information is given:

Unit unit of the y—axis
Traces selected traces to check
Show limit line displayed in the measurement diagram or hidden

Compatible  compatibility of the limit line to the current measurement settings

To display only the limit lines that are compatible, activate the Show compatible option. For details
on compatibility refer to "Limit Lines" on page 3.86.

To navigate into a subdirectory, use the Show Directory and Hide Directory buttons.

create a new limit line
Press the New softkey to define a new limit line.

The Edit Limit Line dialog box is displayed. For more details on limit lines refer also to "Limit Lines"
on page 3.86.

Press the Edit Name softkey and enter a name, if you want to save the limit line in the main
directory. To save the limit line in an existing subdirectory, enter the relative path. A new
subdirectory can only be created using the FILE key.

To change the span setting, set the focus in the X—Axis field and change the unit via the rotary
knob: Hz for span > 0 Hz or s for zero span.
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4. To change between absolute and relative scale mode for the x—axis, set the focus on the abs or rel
option next to the X—Axis field and press the CHECKMARK key. Relative scaling is always
suitable, if masks for bursts are to be defined in zero span, or if masks for modulated signals are
required for span > 0 Hz.
absolute:  The frequencies or times are interpreted as absolute physical units.
relative: In the data point table, the frequencies are referred to the currently set center

frequency. In the zero span mode, the left boundary of the diagram constitutes the
reference.

5. To change the scaling of the y—axis, set the focus in the Y-Axis field and change the unit using the
rotary knob.

6. To change between absolute and relative units for the y—axis, set the focus on the abs or rel option
next to the Y-Axis field and press the CHECKMARK key.
absolute:  The limit values refer to absolute levels or voltages.
relative: The limit values refer to the reference level (Ref Level). Limit values with the unit dB

are always relative values.

7. To define the limit line as upper or lower limit line, set the focus on the Upper or Lower option and
press the CHECKMARK key.

8. To change between linear or logarithmic scale of the x—axis, set the focus on the lin or log option
and press the CHECKMARK key.

9. If the scaling of the y—axis is relative, you can define an absolute threshold value that works as a
lower limit for the relative limit values (see figure below). Set the focus in the Threshold field and
enter a value.

The function is especially useful for mobile radio applications provided the limit values are defined
in relation to the carrier power as long as they are above an absolute limit value.
RBW 300 Hz Marker [T1]
VBW 3 kHz -28.4 dBm
Ref -20 dBm Att 10 dB SWT 100 ms 200.0100 MHz
..000“" / resulting limit
..o. absolute threshgld
00 000000000000000 ‘|‘ !“"\"‘l 'QO.oooooo XXX EXEXX
MM MWWWNW relative limit line
Center 200 MHz 10 kHz/ Span 100 kHz

10. To define a signal-level distance to the limit line, press the Edit Margin softkey and enter a value.
If the limit line is defined as an upper limit, the margin means that the level is below the limit line. If
the limit line is defined as a lower limit, the margin means that the level is above the limit line.

11. To enter a comment, press the Edit Comment and enter a comment, e.g. a description of the
application.

12. To enter a new data point:

— Press the Insert Value Above softkey.
— Enter the new x and y value in the successive displayed edit dialog boxes.
13. To change a data point:
— Set the focus on the x and y value to be changed and press the Value softkey.
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— Enter the new x or y value in the displayed edit dialog box.
14. To delete a data point, select the corresponding entry and press the Delete Value softkey.

15. To shift the complete limit line parallel in the horizontal direction, select the Shift x button and enter
a x shift value.

16. To shift the complete limit line parallel in the vertical direction, select the Shift y button and and
enter an y shift value.

17. Press the Save Limit Line softkey.

If an existing name is used, a message box is displayed. You have to confirm before the limit line is
overwritten.

To edit an existing limit line

1. In the Select Limit Line dialog box, select the limit line you want to alter. For details see also "To
select a limit line" on page 3.83.

Press the Edit softkey.
Edit the data as described in "To select a limit line" on page 3.83.

Save the limit line (Save Limit Line softkey).

To create a new limit line based upon an existing limit line

1. Inthe Select Limit Line dialog box, select the limit line you want to use as a basis for a new limit
line. For details see also "To select a limit line" on page 3.83.

Press the Copy to softkey to transfer the data of the limit line into the Edit Limit Line dialog box.
Press the Edit Name softkey and enter a new name.

To shift the complete limit line parallel in the horizontal direction, select the Shift x button and enter
an x shift value. In this manner, a new limit line can be easily generated based upon an existing
limit line which has been shifted horizontally.

5. To shift the complete limit line parallel in the vertical direction, select the Shift y button and enter a
y shift value. In this manner, a new limit line can be easily generated based upon an existing limit
line which has been shifted in Y direction

If required, edit the data as described in "To select a limit line" on page 3.83.

Save the limit line (Save Limit Line softkey).

To activate/deactivate a limit line
Prerequisites:

e The x— and y-units of limit line and current measurement setting have to be compatible. For details
refer to "Limit Lines" on page 3.86.

e The limit line has to consist of 2 or more data points.

1. Inthe Select Limit Line dialog box, select the limit line you want to activate/deactivate. For details
see also "To select a limit line" on page 3.83.

2. To activate or deactivate a limit line for a trace, press the Select Traces to check softkey and
select or deselect the trace(s) to which this limit line applies.

3. To deactivate the limit line for all traces, press the Deselect All softkey.
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Display Lines

Display lines help to evaluate a trace — as do markers. The function of a display line is comparable to
that of a ruler that can be shifted on the trace in order to mark absolute values. They are exclusively
used to optically mark relevant frequencies or points in time (span = 0) as well as constant level values.
It is not possible to check automatically whether the points are below or above the marked level values.

The softkeys for setting and switching the display lines on/off work like triple switches. For details see
"To work with display lines" on page 3.82.

Two different types of display lines are provided:

e Two horizontal level lines for marking levels — Display Line 1 and 2

The level lines are continuous horizontal lines across the entire width of a diagram and can be
shifted in y direction.

e Two vertical frequency or time lines for marking frequencies or points in time — Frequency/Time
Line 1 and 2

The frequency or time lines are continuous vertical lines across the entire height of the diagram and
can be shifted in x direction.

Each line is identified by one of the following abbreviations:

e D1: Display Line 1

e D2:Display Line 2

e F1: Frequency Line 1

e F2: Frequency Line 2

e T1: Time Line 1

e T2: Time Line 2

Limit Lines

Limit lines are used to define amplitude curves or spectral distribution boundaries on the display screen
which are not to be exceeded. They indicate, for example, the upper limits for interference radiation or
spurious waves which are allowed from a device under test (DUT). For transmission of information in
TDMA systems (e.g. GSM), the amplitude of the bursts in a timeslot must adhere to a curve that falls
within a specified tolerance band. The lower and upper limits may each be specified by a limit line.
Then, the amplitude curve can be controlled either visually or automatically for any violations of the
upper or lower limits (GO/NOGO test).

The instrument supports limit lines with a maximum of 50 data points. 8 of the limit lines stored in the
instrument can be activated simultaneously. The number of limit lines stored in the instrument is only
limited by the capacity of the flash disk used. For details see also "To select a limit line" on page 3.83.

Limit lines are compatible with the current measurement settings, if the following applies:
e The x unit of the limit line has to be identical to the current setting.

e The y unit of the limit line has to be identical to the current setting with the exception of dB based
units; all dB based units are compatible with each other.

At the time of entry, the R&S FSL immediately checks that all limit lines are in accordance with the
following guidelines:

e The frequencies/times for each data point must be entered in ascending order, however, for any
single frequency/time, two data points may be entered (vertical segment of a limit line).

e The data points are allocated in order of ascending frequency/time. Gaps are not allowed. If gaps
are desired, two separate limit lines must be defined and then both enabled.
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e The entered frequencies/times need not necessarily be selectable in R&S FSL. A limit line may also
exceed the specified frequency or time range. The minimum frequency for a data point is =200
GHz, the maximum frequency is 200 GHz. For the time range representation, negative times may
also be entered. The allowed range is —1000 s to +1000 s.

Softkeys of the lines menu

The following table shows all softkeys available in the lines menu. It is possible that your instrument
configuration does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command

Select Traces to check

Deselect All
New V¥V

Edit Name

Edit Comment

Edit Margin

Value

Insert Value Above

Delete Value

Save Limit Line

Edit ¥ same contents as
New Limit Line menu

Copyto V¥ same contents as
New Limit Line menu

Delete

Display Lines ¥ Display Line 1

Display Line 2

Frequency Line 1

Frequency Line 2

Time Line 1

Time Line 2

Select Traces to check

Opens the Select Traces to Check dialog box to activate the selected limit line for a trace. One
limit line can be activated for several traces simultaneously. For details see also "To
activate/deactivate a limit line" on page 3.85 .

= Remote: CALC:LIM2:TRAC 3
= Remote: CALC:LIM:STAT ON

Deselect All

Deactivates the selected limit line for all assigned traces. For details see also "To
activate/deactivate a limit line" on page 3.85 .

= Remote: CALC:LIM:STAT OFF
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New

Opens the Edit Limit Line dialog box and a submenu to define a new limit line. For details see
also "Limit Lines" on page 3.86 and "To select a limit line" on page 3.83.

Edit Name

Sets the focus on the Name field to enter or change the limit line name. A maximum of 8
characters is permitted for each name. All names must be compatible with the Windows XP
conventions for file names. The limit line data are stored under this name. The instrument stores
all limit lines with LIM as extension.

= Remote: CALC:LIM3:NAME "GSM1

Edit Comment

Sets the focus on the Comment field to enter or change a comment for the limit line. The text
must not exceed 40 characters.

= Remote: CALC:LIM5:COMM 'Upper limit for spectrum'

Edit Margin

Sets the focus on the Margin field to enter or change a margin for the limit line. The default
setting is 0 dB (i.e. no margin).

Value

Opens an edit dialog box to change an existing x or y value, depending on the selected column.
The softkey is only available if an existing value is selected.

The desired data points are entered in ascending order (two repeated frequencies/time values
are permitted).

= Remote: CALC:LIM3:CONT:DATA 1MHz, 3MHz, 30MHz
= Remote: CALC:LIM3:UPP:DATA -10,0,0
= Remote: CALC:LIM3:LOW:DATA -30,-40,-40

Insert Value Above

Creates an empty line above the selected data point to enter a new data point. This softkey
corresponds to the Insert button in the dialog box.

It is also possible to add a data point at the end of the list, if the focus is set below the last entry
line of the list.

The data points are entered in ascending order (two repeated frequencies/time values are
permitted). If the entered values are not in accordance with the ascending order rule, an error
message is displayed and the values are discarded.
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Delete Value

Deletes the selected data point (x and y value). All succeeding data points are shifted up
accordingly. This softkey corresponds to the Delete button in the dialog box.

The softkey is only available if an existing value is selected.

Save Limit Line

Saves the currently edited limit line under the name defined in the Name field.

Edit

Opens a submenu to edit limit lines. For details see also "Limit Lines" on page 3.86 and "To edit
an existing limit line" on page 3.85.

= Remote: For details refer to chapter "Remote Control — Commands", section "Definition of the limit
line".

Copy to

Copies the data of the selected limit line and displays it in the Edit Limit Line dialog box. If the
limit line is edited and saved under a new name, a new limit line can be easily generated by
parallel translation or editing of an existing limit line.

For details see also "Limit Lines" on page 3.86 and "To create a new limit line based upon an
existing limit line" on page 3.85.

= Remote: CALC:LIM3:COPY 2

Delete

Deletes the selected limit line.

= Remote: CALC:LIM3:DEL

Display Lines

Opens a submenu to enable, disable and set display lines. Which softkeys are available
depends on the display mode (frequency or time range). For details see also "Display Lines" on
page 3.86 and "To work with display lines" on page 3.82.

Display Line 1 and Display Line 2

Enable or disable the level lines 1/2 and open an edit dialog box to enter the position of the
lines. For details see also "Display Lines" on page 3.86 and "To work with display lines" on page
3.82.

= Remote: CALC:DLIN:STAT ON
= Remote: CALC:DLIN -20dBm
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Frequency Line 1 and Frequency Line 2 (span > 0)

Enable or disable the frequency lines 1/2 and open an edit dialog box to enter the position of the
lines. For details see also "Display Lines" on page 3.86 and "To work with display lines" on page
3.82.

= Remote: CALC:FLIN:STAT ON
= Remote: CALC:FLIN 120MHz

Time Line 1 and Time Line 2 (zero span)

Enable or disable the time lines 1/2 and open an edit dialog box to enter the position of the lines.
For details see also "Display Lines" on page 3.86 and "To work with display lines" on page 3.82.

= Remote: CALC: TLIN:STAT ON
= Remote: CALC: TLIN 10ms
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Measurement Modes

This section describes the provided measurement modes, the change of measurement modes and the
access to the menus of all active measurement modes. For details refer to the following sections:
e "Measurement Mode Selection — MODE Key" on page 3.92

e "Measurement Mode Menus — MENU Key" on page 3.94
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Measurement Mode Selection — MODE Key

The MODE key provides a quick access to the menu of the current measurement mode and a fast
change of the measurement mode. You can choose from the following measurement modes:

e Select a measurement mode.

= Remote: INST SAN
e Spectrum Analyzer mode

¢ Analog Demodulation mode (Analog Demodulation option, K7)

e Bluetooth mode (Bluetooth Measurements option, K8)

¢ Noise mode (Noise Figure Measurements option, K30)

e 3G FDD BTS mode (3GPP Base Station Measurements option, K72)

e  WLAN mode (WLAN TX Measurements option, K91)

¢  WIMAX mode (WiIMAX IEEE 802.16 OFDM, OFDMA Measurements option, K93)

To change the measurement mode
1. Press the MODE key.

The menu of the current measurement mode is displayed and the Measurement Modes dialog box
is opened.

2. Select a measurement mode.

= Remote: INST SAN

Spectrum Analyzer mode

In the Spectrum Analyzer mode the functions provided correspond to those of a conventional
spectrum analyzer. The analyzer measures the frequency spectrum of the test signal over the selected
frequency range with the selected resolution and sweep time, or, for a fixed frequency, displays the
waveform of the video signal. This mode is set in the initial configuration.

Analog Demodulation mode (Analog Demodulation option, K7)

The Analog Demodulation mode requires an instrument equipped with the corresponding optional
software. This mode provides measurement functions for demodulating AM, FM, or PM signals. For
details refer to "Analog Demodulation (Option K7)" on page 3.96.

Bluetooth mode (Bluetooth Measurements option, K8)

The Bluetooth mode requires an instrument equipped with the corresponding optional software. This
mode provides measurements to test the conformity of signal sources to the Bluetooth RF Test
Specifications. For details refer to "Bluetooth Measurements (Option K8)" on page 3.114.

Noise mode (Noise Figure Measurements option, K30)

The Noise mode requires an instrument equipped with the corresponding optional software. This mode
provides accurate and flexible noise measurement functions. For details refer to "Noise Figure
Measurements Option (K30)" on page 3.159.
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3G FDD BTS mode (3GPP Base Station Measurements option, K72)

The 3G FDD BTS mode requires an instrument equipped with the corresponding optional software.
This mode provides test measurements for WCDMA downlink signals (base station signals) according
to the test specification. For details refer to "3GPP Base Station Measurements (Option K72)" on page
3.183.

WLAN mode (WLAN TX Measurements option, K91)

The WLAN mode requires an instrument equipped with the corresponding optional software. This mode
provides Wireless LAN TX measurement functions according to IEEE 802.11 a, b, g and j standards.
For details refer to "WLAN TX Measurements (Option K91)" on page 3.208.

WiMAX mode (WiMAX IEEE 802.16 OFDM, OFDMA Measurements option, K93)

The WIMAX mode requires an instrument equipped with the WiMAX IEEE 802.16 OFDM, OFDMA
Measurements option (R&S FSL-K93). This mode provides WiMAX and WiBro measurement functions
according to |IEEE standards 802.16-2004 OFDM and 802.16e—2005 OFDMA/WiBro. It includes the
WIMAX 802.16 OFDM Measurements option (R&S FSL-K92). For details refer to "WIiMAX, WiBro
Measurements (Option K93)" on page 3.245.
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Measurement Mode Menus — MENU Key

The MENU key provides a quick access to the menu of the current measurement mode. For details on
measurement modes refer to "Measurement Mode Selection — MODE Key" on page 3.92.

To access the main menu of an active measurement mode
» Press the MENU key.
The menu of the current measurement mode is displayed.

If the tracking generator, the power meter, and the spectrogram are available in the current
measurement mode, softkeys for these functions are also provided In the Spectrum Analyzer
mode with active acoustic monitoring, the softkey Marker Demod Volume to control the volume
control for acoustic monitoring is displayed.

Menu and softkey description
"Optional softkeys of the menu menu" on page 3.94

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Optional softkeys of the menu menu

Apart from the softkeys of the current measurement mode, the following optional softkeys are available
in the menu menu. It is possible that the basic unit does not provide all these softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command

Power Meter

Spectrogram

Marker Demod Volume

Power Meter (Power Sensor Support option, K9)

Displays the menu of the Power Meter measurement mode. For details refer to "Power Meter
(Option K9)" on page 3.144.

Spectrogram (Spectrogram Measurement option, K14)

Displays the menu of the Spectrogram Measurement option. For details refer to "Spectrogram
Measurement (Option K14)" on page 3.148.

Marker Demod Volume (Spectrum Analyzer mode)

Opens a dialog box to regulate the volume for acoustic monitoring.
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Options

This section describes firmware options that are not included in the basic unit configuration. If hardware
options are controlled via the firmware, the provided softkeys are described in the corresponding menu
section. The information, with which special option these softkeys are supplied, is delivered in the
corresponding softkey description.

A list of all available hardware and firmware options is provided on CD. To check the options your
instrument provides, refer to the Quick Start Guide, chapter 2 "Preparing for Use". For details on
models and firmware options refer to the following sections:

e "Analog Demodulation (Option K7)" on page 3.96

e "Bluetooth Measurements (Option K8)" on page 3.114

e "Power Meter (Option K9)" on page 3.144

e "Spectrogram Measurement (Option K14)" on page 3.148

e "Noise Figure Measurements Option (K30)" on page 3.159

e "3GPP Base Station Measurements (Option K72)" on page 3.183
e "WLAN TX Measurements (Option K91)" on page 3.208

e "WIMAX, WiBro Measurements (Option K93)" on page 3.245
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Analog Demodulation (Option K7)

The digital signal processing in the R&S FSL, used in the analyzer mode for digital IF filters, is also
ideally suited for demodulating AM, FM, or PM signals. The firmware option FSL—K7 provides the
necessary measurement functions.

The R&S FSL is equipped with a demodulator that is capable of performing AM, FM, and PM
demodulation at a time. Additionally maximum, minimum and average or current values can be
obtained parallelly over a selected number of measurements. In order to make it suitable for bursted
signals, the demodulator can be configured in terms of pretrigger time, sample rate and record length.

By sampling (digitization) already at the IF and digital down—conversion to the baseband (1/Q), the
demodulator achieves maximum accuracy and temperature stability. There is no evidence of typical
errors of an analog down—conversion and demodulation like AM to FM conversion and vice versa,
deviation error, frequency response or frequency drift at DC coupling.

To open the analog demodulation menu

» If the Analog Demodulation mode is not the active measurement mode, press the MODE key and
activate the Analog Demodulation option.

» If the Analog Demodulation mode is already active, press the MENU key.

The analog demodulation menu is displayed. If the power meter (option Power Sensor Support, K9)
is available, softkeys for these functions are also provided.

Menu and softkey description

— "Softkeys of the analog demodulation menu" on page 3.99

— "Softkeys of the frequency menu (Analog Demodulation mode)" on page 3.106
— "Softkeys of the span menu (Analog Demodulation mode)" on page 3.108

— "Softkeys of the amplitude menu (Analog Demodulation mode)" on page 3.109
— "Softkeys of the bandwidth menu (Analog Demodulation mode)" on page 3.111
— "Softkeys of the sweep menu (Analog Demodulation mode)" on page 3.111

— "Softkeys of the trigger menu (Analog Demodulation mode)" on page 3.112

Apart from the power measurement menu that is not available in the Analog Demodulation mode, all
other menus are provided as described for the base unit. For details refer to the corresponding menu
descriptions.

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information

— "Circuit description — block diagrams" on page 3.97
— "Demodulation bandwidth" on page 3.98

— "AF trigger" on page 3.98

— "Stability of measurement results" on page 3.98

— "Sample rate, measurement time and trigger offset" on page 3.99
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Circuit description — block diagrams

The software demodulator runs on the main processor of the analyzer. The demodulation process is
shown in Fig. 3-8: Block diagram of software demodulatorthe figure below. All calculations are
performed simultaneously with the same I/Q data set. Magnitude (= amplitude) and phase of the

complex 1/Q pairs are determined. The frequency result is obtained from the differential phase.

For details on the analyzer signal processing refer to chapter "Remote Control — Commands", section
"TRACe:1Q Subsystem".
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Fig. 3-8: Block diagram of software demodulator
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The AM DC, FM DC and PM DC raw data of the demodulators is fed into the Trace Arithmetic block
that combines consecutive data sets. Possible trace modes are: Clear Write, Max Hold, Min Hold and
Average (for details refer to section "Trace mode overview" on page 3.34). The output data of the Trace
Arithmetic block can be read via remote control.

The collected measured values are evaluated by the selected detector (for details refer to chapter
"Instrument Functions", section "Detector overview". The result is displayed on the screen and can be
read out via remote control.

In addition, important parameters are calculated:

e A counter determines the modulation frequency for AM, FM, and PM.

e Alow pass filter suppresses the modulation frequency; the result is:
average power = carrier power (RF power)
average frequency = carrier frequency offset (FM)
The deviation from the selected center frequency is displayed.

e AC coupling is possible with FM and PM display. The carrier frequency offset is subtracted from the
FM DC data, and the frequency deviation is determined from the trace data. +Peak, —Peak, %2
Peak—Peak and RMS are displayed.

Demodulation bandwidth

The demodulation bandwidth is not the 3 dB bandwidth but the useful bandwidth which is distortion—free
with regard to phase and amplitude.

Therefore the following formulas apply:

e AM: demodulation bandwidth > 2 x modulation frequency

e FM: demodulation bandwidth > 2 x (frequency deviation + modulation frequency)

e PM: demodulation bandwidth > 2 x modulation frequency x (1 + phase deviation)

Note: If the center frequency of the analyzer is not set exactly to the signal frequency, the demodulation
bandwidth must be selected larger by the carrier offset, in addition to the requirement described
above. This also applies if FM or PM AC coupling has been selected.

In general, the demodulation bandwidth should be as narrow as possible to improve the S/N ratio. The
residual FM caused by noise floor and phase noise increases dramatically with the bandwidth,
especially with FM.

AF trigger

The analog demodulation option allows triggering to the demodulated signal. The display is stable if a
minimum of five modulation periods are within the recording time.

Triggering is always DC—coupled. Therefore triggering is possible directly to the point where a specific
carrier level, phase or frequency is exceeded or not attained.

Stability of measurement results

Despite amplitude and frequency modulation, the display of carrier power and carrier frequency offset is
stable.

This is achieved by a digital filter which sufficiently suppresses the modulation, provided, however, that
the measurement time is > 3 x 1/ modulation frequency, i.e. that at least three periods of the AF signal
are recorded.
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The mean carrier power for calculating the AM is also calculated with a digital filter that returns stable
results after a measurement time of > 3 x 1 / modulation frequency, i.e. at least three cycles of the AF
signal must be recorded before a stable AM can be shown.

Sample rate, measurement time and trigger offset

Depending on the sample rate, the maximum demodulation bandwidths listed in the table can be
obtained during the measurement. The permissible value range of the measurement time and trigger
offset depends on the selected demodulation bandwidth. If the AF filter or the AF trigger are not active,
the measurement time enlarges by 20%.

Demod. Sample rate Measurement time Trigger offset
bandwidth
Min. Max. with Max. with Min. Max.

AF filter or | AF filter and

AF trigger | AF trigger

active deactive
18 MHz 32 MHz 31.25ns 12.5ms 15 ms -12.5ms 507.9 ms
10 MHz 32 MHz 31.25ns 12.5ms 15 ms -12.5ms 507.9 ms
8 MHz 16 MHz 62.5ns 25ms 30 ms —-25ms 1.015s
5 MHz 8 MHz 125 ns 50 ms 60 ms -50 ms 2.031s
3 MHz 4 MHz 250 ns 100 ms 120 ms —-100 ms 4.063 s
1.6 MHz 2 MHz 500 ns 200 ms 240 ms —200 ms 8.126 s
800 kHz 1 MHz 1us 400 ms 480 ms —400 ms 16.25s
400 kHz 500 kHz 2us 800 ms 960 ms —800 ms 32.50s
200 kHz 250 kHz 4 us 16s 1.92s -16s 65.00 s
100 kHz 125 kHz 8 us 32s 3.84s -32s 130.0s
50 kHz 62.5 kHz 16 ps 6.4s 7.68s —-6.4s 260.0s
25 kHz 31.25 kHz 32 s 12.8s 15.36 s -128s 520.0s
12.5 kHz 15.625 kHz 64 us 256s 30.72s -256s 1040 s
6.4 kHz 7,8125 kHz 128 us 51.2s 61.44 s -51.2s 2080 s
3.2 kHz 3,90625 kHz 256 pus 102.4 s 122.88 s -102.4 s 4160 s
1.6 kHz 1,953125 kHz 512 us 204.8 s 24576 s —204.8 s 8321s
800 Hz 976,5625 Hz 1.024 ms 409.6 s 491.52s —409.6 s 16643 s
400 Hz 488,28125 Hz 2.048 ms 819.2s 983.04 s -819.2s 33287 s
200 Hz 244,140625 Hz 4.096 ms 1638.4 s 1966.08 s -1638.4 s 66574 s
100 Hz 122,0703125 Hz 8.192 ms 3276.8 s 3932.16 s -3276.8 s 133148 s

Softkeys of the analog demodulation menu

The following table shows all softkeys available in the analog demodulation menu. It is possible that
your instrument configuration does not provide all softkeys. If a softkey is only available with a special
option, model or (measurement) mode, this information is delivered in the corresponding softkey
description.
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Menu / Command

Submenu / Command

Command

Modulation AM/FM/PM

Result Display

AF Time Domain

AF Spectrum

RF Time Domain

RF Spectrum

Select Trace

Diagram Full Size

Demod BW

Meas Time

AF Range V¥

Dev per Division/dB per Division

Reference Position

Reference Value

Deviation Lin/Log

Demod Settings ¥

AF Coupling AC/DC

AF Filter ¥

Low Pass AF Filter

High Pass AF Filter

Deemphasis

Zero Phase Reference Point

Phase Wrap On/Off

Phase Unit Rad/Deg

More V¥

Zoom

Modulation AM/FM/PM

Selects the display of demodulated AM, FM, or PM signal. In single sweep mode, the data is
determined from the current I/Q data set, i.e. a change to AM/FM/PM does not trigger a new

measurement.

If FM is selected, the average value of the demodulated signal is mapped depending on the AF
Coupling AC/DC softkey setting.

= Remote: CALC:FEED 'XTIM:FM'

Result Display

Opens a submenu to select the measurement result to be displayed. The RF or AF signal in the
zero span or the RF or AF frequency spectrum determined via FFT can be selected for display.

In order to display the measurement results, the screen is divided in two halves. In the upper
half, the measurement results are displayed as a trace. In the lower half the results of additional
evaluation functions are shown.

All displays are determined from the I/Q data set recorded for the measurement. In single sweep
mode, the single data set recorded can be evaluated in all displays simply by switching the

result display.
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AF Time Domain

Selects the AF display in zero span, calculated from the AM, FM, or PM signal.

= Remote: CALC:FEED 'XTIM:FM'

AF Spectrum

Selects the display of the AF spectrum. The AF spectrum can be calculated from the AM, FM, or
PM signal in zero span.

= Remote: CALC:FEED 'XTIM:FM:AFSP'

RF Time Domain

Selects the display of the RF signal in zero span. In contrast to normal analyzer operation, the
level values are determined from the recorded I/Q data set as root—-mean—square values.

The softkey is not available if the RF spectrum display is selected.

= Remote: CALC:FEED 'XTIM:RFP'

RF Spectrum

Selects the display of the RF signal in span > 0. In contrast to normal spectrum analyzer
operation, the measured values are determined using FFT from the recorded I/Q data set.

= Remote: CALC:FEED 'XTIM:SPECTRUM'

Select Trace

Opens an edit dialog box to enter the number of the trace for which the data is to be displayed in
the lower half of the screen. Only activated traces can be selected.

Diagram Full Size

Switches the diagram to full screen size.

= Remote: DISP:SIZE LARG

Demod BW

Opens an edit dialog box to enter the demodulation bandwidth of the analog demodulation. The
demodulation bandwidth determines the sampling rate for recording the signal to be analyzed.
For details on the relation between demodulation bandwidth and sampling rate refer to "Sample
rate, measurement time and trigger offset" on page 3.99.

= Remote: BAND: DEM 1MHz
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Meas Time

Opens an editor for entering the measurement time of the analog demodulation. For details on
the measurement time values refer to "Sample rate, measurement time and trigger offset" on
page 3.99.

= Remote: ADEM:MTIM 62.5US
= Remote: SWE:TIME 10s

AF Range

Opens a submenu for determining the diagram scaling for AF displays.

The range for RF displays is set via the amplitude menu. For details refer to "Setting the Level
Display and Configuring the RF Input — AMPT Key" on page 3.12.

Dev per Division

Opens an edit dialog box to set the modulation depth or the phase or frequency deviation per
division:

AM display: 0.0001% to 1000%

FM display: 1 Hz/div to 1 MHz/div

PM display: 0.0001 rad/div to 1000 rad/div

The softkey is not available if logarithmic display is set (Deviation Lin/Log softkey).

= Remote: DISP:WIND:TRAC:Y:PDIV 50kHz

dB per Division

Opens an edit dialog box to set the modulation depth or the FM or PM deviation to be displayed
in the range 0.1 dB/div to 20 dB/div.

The softkey is not available if linear display is set (Deviation Lin/Log softkey).

= Remote: DISP: TRAC:Y:PDIV 5DB

Reference Position

Determines the position of the reference line for the modulation depth or the phase or frequency
deviation on the y—axis of the diagram. By default, this line is set to 0.

The position is entered as a percentage of the diagram height with 100 % corresponding to the
upper diagram border. The default setting is 50 % (diagram center) for the display of the AM,

FM, or PM signal, and 100% (upper diagram border) for the AF spectrum display of the AM, FM,
or PM signal.

= Remote: DISP: TRAC:Y:RPOS 50PCT
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Reference Value

Determines the modulation depth or the frequency or phase deviation at the reference line of the
y—axis. The reference value is set separately for each display of the AM, FM, and PM signal and
the AF spectrum of the AM, FM, and PM signal.

- AM/FM/PM signal display

The trace display takes individual frequency/phase offsets into account (in contrast, the AF
Coupling AC/DC softkey permits automatic correction by the average frequency/phase offset
of the signal, and can therefore not be activated simultaneously).

Possible values: 0 and £ 10000% (AM), 0 and = 10 MHz (FM), 0 and = 10000 rad (PM).
—  AF spectrum display of the AM/FM/PM signal

In the default setting, the reference value defines the modulation depth or the FM/PM deviation
at the upper diagram border.

Possible values: 0 and 10000% (AM), 0 and 10 MHz (FM), 0 and 10000 rad (PM).

= Remote: DISP:TRAC:Y:RVAL 0HZ

Deviation Lin/Log

Switches between logarithmic and linear display of the modulation depth or the frequency or
phase deviation.

= Remote: DISP: TRAC:Y:SPAC LOG

Demod Settings

Opens a submenu for the demodulation settings.

AF Coupling AC/DC

Controls the automatic correction of the frequency offset and phase offset of the input signal:
— FM signal display

If DC is selected, the absolute frequency is displayed, i.e. an input signal with an offset relative
to the center frequency is not displayed symmetrically with respect to the zero line.

If AC is selected, the frequency offset is automatically corrected, i.e. the trace is always
symmetric with respect to the zero line.

— PM signal display

If DC is selected, the phase runs according to the existing frequency offset. In addition, the DC
signal contains a phase offset of tr .

If AC is selected, the frequency offset and phase offset are automatically corrected, i.e. the
trace is always symmetric with respect to the zero line.

The softkey is not available with the AF spectrum display of the FM or PM signal.

= Remote: ADEM:AF:COUP DC
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AF Filter

Opens a submenu to select the appropriate filters. The bandwidth of the demodulated signal can
be reduced by high pass or low pass filters and also a de—emphasis can be switched on. The
selected filters are used for AM, FM and PM demodulation in common. Individual settings are
not possible.

Low Pass AF Filter

Opens the Low Pass AF Filter dialog box to select the filter type. Relative and absolute low
pass filter are available.

— Relative low pass filters:

The filters (3 dB) can be selected in % of the demodulation bandwidth. The filters are designed
as 5Sth—order Butterworth filter (30 dB/octave) and active for all demodulation bandwidths.

— Absolute low pass filters:

The filter are indicated by the 3 dB cutoff frequency. The 3 kHz and 15 kHz filters are designed
as 5Sth—order Butterworth filter (30 dB/octave). The 150 kHz filter is designed as 8th—order
Butterworth filter (48 dB/octave).

The absolute low pass filters are active in the following demodulation bandwidth range:

3 kHz: 6.4 kHz < demodulation bandwidth < 4 MHz
15 kHz: 50 kHz < demodulation bandwidth < 16 MHz
150 kHz: 400 kHz < demodulation bandwidth < 16 MHz

= Remote: FILT:LPAS ON
= Remote: FILT:LPAS:FREQ 150kHz
= Remote: FILT:LPAS:FREQ 25PCT

High Pass AF Filter

Opens the High Pass AF Filter dialog box to switch on a high pass filter with the given limit to
separate the DC component. The filters are indicated by the 3 dB cutoff frequency. The filters
are designed as 2nd-order Butterworth filter (12 dB/octave).

The high pass filters are active in the following demodulation bandwidth range:

50 Hz: 200 Hz < demodulation bandwidth < 4 MHz
300 Hz: 800 Hz < demodulation bandwidth < 16 MHz

A

= Remote: FILT:HPAS ON
= Remote: FILT:HPAS:FREQ 300Hz
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Deemphasis

Opens the Deemphasis dialog box to switch on a deemphasis with the given time constant.

The deemphasis is active in the following demodulation bandwidth range:

25 us: 25 kHz < demodulation bandwidth < 18 MHz
50 us: 6.4 kHz < demodulation bandwidth < 18 MHz
75 us: 6.4 kHz < demodulation bandwidth < 18 MHz
750 uys: 800 Hz < demodulation bandwidth < 4 MHz

The following table shows the required demodulation bandwidth for an error less than 0.5 dB up

to a maximum AF frequency.

deemphasis 25 us 50 us 75 us 750 us
max. AF frequency 25 kHz 12 kHz 8 kHz 800 Hz
required demodulation bandwidth > 200 kHz > 100 kHz | > 50 kHz > 6.4 kHz

For higher AF frequencies the demodulation bandwidth must be increased.

= Remote: FILT:DEMP ON
= Remote: FILT:DEMP: TCON 750us

Zero Phase Reference Point

Defines the position at which the phase of the PM-demodulated signal is set to 0 rad. The entry
is made with respect to time. In the default setting, the first measured value is set to 0 rad.

This softkey is only available in the PM display with DC coupling.
= Remote: ADEM: PM:RPO 500us

Phase Wrap On/Off

Activates/deactivates the phase wrap.

On  The phase will be displayed in the range +180° (/7 ). For example, if the phase
exceeds +180°, 360° is subtracted from the phase value, with the display thus
showing >-180°.

Off The phase will not be wrapped.

This softkey in available in the PM signal displays.

= Remote: CALC:FORM PHAS

Phase Unit Rad/Deg

Sets the phase unit to rad or deg for displaying PM signals.
= Remote: UNIT:ANGL RAD
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Zoom

Activates or deactivates the zoom function. The zoom function is not available if the number of
measurement points falls below 501.

activated: A 1-to—1 allocation is selected, i.e. each measurement point corresponds to a
measured value. The start of the zoom window can be determined in the
associated field by entering the time.

deactivated:  If more measured values than measurement points are available, several
measured values are combined in one measurement point according to the
method of the selected trace detector. For details on detectors refer to
"Detector overview" on page 3.36.

= Remote: ADEM: ZOOM ON
= Remote: ADEM: ZOOM: STARt 30US

Softkeys of the frequency menu (Analog Demodulation mode)

The following table shows all softkeys available in the frequency menu in Analog Demodulation mode
(CENTER key). It is possible that your instrument configuration does not provide all softkeys. If a
softkey is only available with a special option, model or (measurement) mode, this information is
delivered in the corresponding softkey description.

Menu / Command Command

Center

CF Stepsize ¥ 0.1*Span/0.1*Demod BW
0.5*Span/0.5*Demod BW
x*Span/x*Demod BW
=Center
Manual

AF Center

AF Start

AF Stop

Center

For details refer to the Center softkey in the frequency menu of the base unit.

CF Stepsize

For details refer to the CF Stepsize softkey in the frequency menu of the base unit.

0.1*Span (RF Spectrum)

For details refer to the 0.1*Span softkey in the frequency menu of the base unit.

0.1*Demod BW (AF/RF Time Domain, AF Spectrum)

For details see 0.1*RBW softkey in the frequency menu of the base unit.
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0.5*Span (RF Spectrum)

For details refer to the 0.5*Span softkey in the frequency menu of the base unit.

0.5*Demod BW (AF/RF Time Domain, AF Spectrum)

For details see 0.5*RBW softkey in the frequency menu of the base unit.

x*Span (RF Spectrum)

For details refer to the x*Span softkey in the frequency menu of the base unit.

x*Demod BW (AF/RF Time Domain, AF Spectrum)

For details see x*RBW softkey in the frequency menu of the base unit.

=Center

For details refer to the =Center softkey in the frequency menu of the base unit.

Manual

For details refer to the Manual softkey in the frequency menu of the base unit.

AF Center (AF Spectrum)

Opens an edit box to enter the center frequency within the AF spectrum.

= Remote: ADEM:AF:CENT 1MHZ

AF Start

Opens an edit box to define the start frequency within the AF spectrum.

= Remote: ADEM:AF:STAR 0HZ

AF Stop

Opens an edit box to define the stop frequency within the AF spectrum.
The maximum AF stop frequency corresponds to half the demodulation bandwidth.

= Remote: ADEM:AF:STOP 2MHZ
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Softkeys of the span menu (Analog Demodulation mode)

The following table shows all softkeys available in the span menu in Analog Demodulation mode
(SPAN key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Command

Span Manual/AF Span Manual
Demod Bandwidth
Full Span/AF Full Span

Span Manual (RF Spectrum)

If the RF spectrum display is active, values between the sampling rate/200 and the
demodulation bandwidth/2 are allowed.

For further details refer to the Span Manual softkey in the span menu of the base unit.

= Remote: ADEM: SPEC: SPAN:ZOOM 5 MHz

AF Span Manual (AF Spectrum)

Opens an edit dialog box to enter the frequency range for the AF spectrum display. Values
between the sampling rate/1000 and the demodulation bandwidth/2 are allowed.

= Remote: ADEM:AF:SPAN 2.5 MHz

Demod Bandwidth

For details see Demod BW softkey in the analog demodulation menu.

Full Span (RF Spectrum)

If the RF spectrum display is active, the full frequency range corresponds to the demodulation
bandwidth.

For further details refer to the Full Span softkey in the span menu of the base unit.

= Remote: ADEM: SPEC: SPAN: ZOOM MAX

AF Full Span (AF Spectrum)

Sets the span to the maximum frequency range for the AF spectrum display. The maximum
frequency range corresponds to the demodulation bandwidth.

= Remote: ADEM:AF: SPAN: FULL
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Softkeys of the amplitude menu (Analog Demodulation mode)

The following table shows all softkeys available in the amplitude menu in Analog Demodulation mode
(AMPT key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command Command

Ref Level

Range Log/Range Linear

AF Range V¥ Dev per Division/dB per Division

Reference Position

Reference Value

Deviation Lin/Log

Preamp On/Off
RF Atten Manual
RF Atten Auto
More ¥

Ref Level Offset

Ref Level Position
Grid Abs / Rel
Unit

Input50 Q /75 Q

Ref Level

For details refer to the Ref Level softkey in the amplitude menu of the base unit.

Range Log (RF result display)

This softkey is only available for the RF result display. For the RF result display, the AF Range
softkey is used.

For details refer to the Range Log softkey in the amplitude menu of the base unit.

Range Linear (RF result display)

This softkey is only available for the RF result display. For the RF result display, the AF Range
softkey is used.

For details refer to the Range Linear softkey in the amplitude menu of the base unit.

AF Range (AF result display)

For details refer to the AF Range softkey in the analog demodulation menu.
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Dev per Division

For details refer to the Dev per Division softkey in the analog demodulation menu.

dB per Division

For details refer to the dB per Division softkey in the analog demodulation menu.

Reference Position

For details refer to the Reference Position softkey in the analog demodulation menu.

Reference Value

For details refer to the Reference Value softkey in the analog demodulation menu.

Deviation Lin/Log

For details refer to the Deviation Lin/Log softkey in the analog demodulation menu.

Preamp On/Off (option RF Preamplifier, B22)

For details refer to the Preamp On/Off softkey in the amplitude menu of the base unit.

RF Atten Manual

For details refer to the RF Atten Manual softkey in the amplitude menu of the base unit.

RF Atten Auto

For details refer to the RF Atten Auto softkey in the amplitude menu of the base unit.

Ref Level Offset

For details refer to the Ref Level Offset softkey in the amplitude menu of the base unit.

Ref Level Position

For details refer to the Ref Level Position softkey in the amplitude menu of the base unit.

Grid Abs / Rel (not available with Range Linear)

For details refer to the Grid Abs / Rel softkey in the amplitude menu of the base unit.
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Unit (PM AF result display)

For details refer to the Unit softkey in the amplitude menu of the base unit.

Input 50 Q /75 Q

For details refer to the Input 50 Q / 75 Q softkey in the amplitude menu of the base unit.

Softkeys of the bandwidth menu (Analog Demodulation mode)

The following table shows all softkeys available in the bandwidth menu in Analog Demodulation mode
(PWR BW key). It is possible that your instrument configuration does not provide all softkeys. If a
softkey is only available with a special option, model or (measurement) mode, this information is
delivered in the corresponding softkey description.

Command

Res BW
Demod BW

Meas Time

Res BW (span > 0)

Opens an edit dialog box to enter a value for the resolution bandwidth. The range is specified in
the data sheet.

= Remote: ADEM:SPEC:BAND 10 kHz

Demod BW

For details refer to the Demod BW softkey in the in the analog demodulation menu.

Meas Time

For details refer to the Meas Time softkey in the in the analog demodulation menu.

Softkeys of the sweep menu (Analog Demodulation mode)

The following table shows all softkeys available in the sweep menu in Analog Demodulation mode
(SWEEP key). It is possible that your instrument configuration does not provide all softkeys. If a softkey
is only available with a special option, model or (measurement) mode, this information is delivered in
the corresponding softkey description.

Command

Continuous Sweep

Single Sweep

Continue Sgl Sweep

Meas Time

Sweep Count
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Continuous Sweep

For details refer to the Continuous Sweep softkey in the in the sweep menu of the base unit.

Single Sweep

For details refer to the Single Sweep softkey in the in the sweep menu of the base unit.

Continue Sgl Sweep

For details refer to the Continue Single Sweep softkey in the in the sweep menu of the base
unit.

Meas Time

For details refer to the Meas Time softkey in the in the analog demodulation menu.

Sweep Count

For details refer to the Sweep Count softkey in the in the sweep menu of the base unit.

Softkeys of the trigger menu (Analog Demodulation mode)

The following table shows all softkeys available in the trigger menu in Analog Demodulation mode
(TRIG key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is
only available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Command

Trigger Source

Trigger Level

Trigger Polarity Pos/Neg

Trigger Offset

Trigger Source

Opens the Trigger dialog box to select the trigger mode. Additional to the trigger modes
described in section "Trigger mode overview" on page 3.26, the following trigger modes are

available:
Selected option | Specified threshold
AM (Offline) modulation depth of the AM signal
FM (Offline) frequency of the FM signal
PM (Offline) phase of the PM signal
RF (Offline) level of the RF signal
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In Analog Demodulation mode, the next measurement is triggered if the selected input signal
exceeds the threshold specified using the Trg / Gate Level softkey. A periodic signal modulated

onto the carrier frequency can be displayed in this way. It is recommended that the measurement
time covers at least five periods of the audio signal.

For further details refer to the Trg / Gate Source softkey in the trigger menu.

= Remote: TRIG:SOUR IMM | IFP | EXT | FM | PM | AM | RF (Free Run, IF Power,
Extern, FM (Offline), PM (Offline), AM (Offline), RF (Offline))

Trigger Level

For details refer to the Trg / Gate Level softkey in the in the trigger menu of the base unit.

Trigger Polarity Pos/Neg

For details refer to the Trg / Gate Polarity Pos/Neg softkey in the in the trigger menu of the
base unit.

Trigger Offset

For details on the relation between demodulation bandwidth (option Analog Demodulation, R&S

FSL-K7) and trigger offset refer to "Sample rate, measurement time and trigger offset" on page
3.99.

For details refer to the Trigger Offset softkey in the in the trigger menu of the base unit.
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Bluetooth Measurements (Option K8)

This option provides measurements to test the conformity of signal sources to the Bluetooth RF Test
Specification (Bluetooth SIG). For background information on Bluetooth measurements refer to the
Operating Manual on CD, chapter "Advanced Measurement Examples".

To open the Bluetooth menu

» If the Bluetooth mode is not the active measurement mode, press the MODE key and activate the
Bluetooth option.

> If the Bluetooth mode is already active, press the MENU key.

The Bluetooth menu is displayed. .

Menu and softkey description

— "Softkeys of the Bluetooth menu" on page 3.126

— "Softkeys of the frequency menu (Bluetooth mode)" on page 3.130

— "Softkeys of the amplitude menu (Bluetooth mode)" on page 3.131

— "Softkeys of the bandwidth menu (Bluetooth mode)" on page 3.133

— "Softkeys of the sweep menu (Bluetooth mode)" on page 3.135

— "Softkeys of the trigger menu (Bluetooth mode)" on page 3.139

— "Softkeys of the measurement menu (Bluetooth mode)" on page 3.139

The span menu is not available in the Bluetooth mode. All other menus are provided as described for
the base unit. For details refer to the corresponding menu descriptions.

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
"Position of a Bluetooth burst" on page 3.116

"Labels used in the measurement displays" on page 3.116

Tasks
— To adapt the settings to the characteristics of the DUT

Measurements overview

The Bluetooth Measurements option provides the following measurement types:
—  "Output Power" on page 3.117

— "Adjacent Channel Power" on page 3.118

— "Modulation Characteristics" on page 3.119

— "Initial Carrier Frequency Tolerance" on page 3.120

— "Carrier Frequency Drift" on page 3.121

— "Relative Transmit Power (EDR)" on page 3.122

— "In—band Spurious Emissions (EDR)" on page 3.123
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"Carrier Frequency Stability and Modulation Accuracy (EDR)" on page 3.124
"Differential Phase Encoding (EDR)" on page 3.125

The basic parameter settings are described in section "To adapt the settings to the characteristics of the
DUT" on page 3.115. The settings that can be configured individually for each measurement are the
following:

e RBW (the IF bandwidth set up for modulation measurements is valid for all measurements)
e VBW

e RBW auto mode

e VBW auto mode

e trace mode

e detector

e sweep count

e sweep time auto mode

e sweep time

They are available in the corresponding menus as soon as the corresponding measurement is selected.
Changes to these settings are always related to the selected measurement. The settings defined in the
RF Test Specification can thus be modified individually for development or production. By using the
start recall function, the individual configuration of the various tests can be preserved over a preset.

To adapt the settings to the characteristics of the DUT
1. Set the spectrum analyzer to its default state.

— Press PRESET.
The R&S FSL is set to its default state.
2. Select the Bluetooth operating mode.
— Press MODE key.
— Inthe Measurement Modes dialog box, select Bluetooth.
The Bluetooth mode is activated and the main menu of the option is displayed.
3. Select the transmit channel.
— Press Channel softkey and enter the desired channel number.
4. Select the packet length.
— Press Packet Type softkey.
The list of available packet type is displayed.
— Select the desired packet length and confirm the selection with ENTER.
5. Select the power class of the DUT.
— Press Power Class softkey and enter the power class.
6. Configure the sync settings (LAP).
— Press Find Sync softkey.
The submenu menu for configuration of the sync information is displayed.

— Press LAP softkey and enter the lower address part of the Bluetooth device address of the
DUT. The sync word used for the sync search will be calculated.
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7. Select a measurement.
— Press the MEAS key and select the desired measurement in the softkey menu.

— Configure measurement time, measurement control and the number of measurement cycles by
pressing the corresponding softkeys. For further information refer to section "Softkeys of the
measurement menu (Bluetooth mode)" on page 3.139.

Further information

This section provides background information on measurements and displayed information.

Position of a Bluetooth burst
The RF Test Specification allows different methods to determine the position of a Bluetooth burst:
e The burst is defined by the p0 bit and the automatically determined packet length (Find Sync On).

e The burst is defined by the two 3dB points (Find Sync Off and Find Burst On). The search of the
3dB points is defined in the RF Test Specification as the alternative method compared with the p0
bit method.

W Burst length
~ with FIND SYNC OFF

Burst length
(=packet length)
with FIND SYNC ON L

| Y

3dB

Fig. 3—10 Definition of a Bluetooth burst

Labels used in the measurement displays
e Enhancement label TDF

Offset values, set with the Antenna Gain softkey that are larger or smaller than 0 dB will activate the
enhancement label TDF at the right diagram border.
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Measurements

In this section, every measurement type is introduced by a short description.

Output Power measurement

The Output Power measurement (Output Power softkey) determines the maximum and average output
power during a burst of the equipment under test (EUT). For this purpose a complete packet is recorded
in the zero span.

RBWY 3 MHz continuaus

Att 30 dB Sweep
10.0 dBm AQT 625ps

Meas Time

Manual

Meas Time
-60 dBm Auto

-0 dBm

Output Power :

Packet Properties Power Avg
Type DH1 | Length 366 symbols

Sync OK

Stop

Fig. 3—11 Output power measurement

The peak value is determined from the complete contents of the measurement curve, whereas the
average power is calculated from an area of at least 20% to 80% of the burst.

During the Output Power measurement the Bluetooth demodulator is active in order to determine the
sync word within the signal, which is later—on used as the trigger basis. The Bluetooth demodulator is
placed in a signal path without video filter. This is why the video filter cannot be activated with the
Output Power measurement.

The EUT (equipment under test) must keep the following limits according to the RF Test Specification:
e Pay <100 mW (20 dBm) EIRP

e Ppk <200 mW (23 dBm) EIRP

e Ifthe EUT is conforming to power class 1:  Pay > 1 mW (0 dBm)

e Ifthe EUT is conforming to power class 2:  0.25 mW (-6 dBm) < Pay < 2.5 mW (4 dBm)

e Ifthe EUT is conforming to power class 3: Pay <1 mW (0 dBm)

A violation of these limits is marked on the screen in red color.
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Adjacent Channel Power measurement

The measurement of the TX Output Spectrum — Adjacent Channel Power measurement (TX Spec ACP
softkey) measures the power of all adjacent channels.

Continuous

Sweep

O -+~
T

50 dem [ I N N I R R N

CF 2.4085 GHz Span 14.0 MHz |[ShdEais
Sy
Humber of Exceptions 1]

No. of

I

m|

1 R ~CP Chan
I
I
I
I

-51.04 dBm

-51.15 dBm
Channel

List Start

Fig. 3—-12 TX Spectrum ACP measurement

The following limits are given by the RF Test Specification:
e Py (f) < =20 dBm for [M-N| =2
o Prx(f) < -40dBm for [M-N| > 3

with M = Transmit channel of the equipment under test, N = adjacent channel to be measured

A violation of these limits will be marked by red color and an asterisk (*).
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Modulation Characteristics measurement

The measurement of the modulation characteristics (Modulation Char softkey) determines the
maximum frequency deviation of all 8 bit sequences of the payload.

Additionally the average value of the maximum frequency deviation of a packet will be calculated. For
this purpose the equipment under test is configured in a way that packets with bit pattern "11110000"
and "10101010" are transmitted alternately. According to the RF Test Specification this sequence has
to be repeated 10 times.

Meas Time

Manual
Af2{max) in range 100.00 % _

Meas Time
value (pattern) o omax | omin [
af1(00001111) | 159.70kHz| 159.70kHz| |

Af2 (01010101) | 144.40kHz| 14440kHz| |

a2/afn |  o904| = oso4| |

Sync Ok

Fig. 3—13 Modulation Characteristics measurement
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Initial Carrier Frequency Tolerance measurement

The measurement of the Initial Carrier Frequency Tolerance (Init Carr Freq Tol softkey) determines the
carrier offset of the four preamble bits. According to the RF Test Specification the calculation of the
carrier offset is performed from the middle of the first preamble bit to the middle of the bit following the
preamble.

With Clear/Write trace mode and single sweep operation the selected number of sweeps will be
processed and according to the RF Test Specification the results of all sweeps will be compared with
the defined tolerance. If a different trace mode is selected, the analyzer can alternatively combine
several traces and determine the measurement results from the resulting trace.

DBW 1.3 MHz Continuous

Att 30 dB Sweep
Ref 10,0 dBm AQT 10ps

=
o
w
n
=
3
@

Manual

Meas Time
Auto

CF 2.402 GHz
Initial Carrier Frequency Tolerance Status: PASSED

_ 2.11 kHz -3.56 kHz -228.86 Hz

Sync Ok

Fig. 3—14 Initial Carrier Frequency Tolerance measurement
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Carrier Frequency Drift measurement

The measurement of the Carrier Frequency Drift (Carr Freq Drift softkey) determines the maximum
frequency drift between the average value of the preamble bits and any 10 bit group of the payload.
Additionally the maximum drift rate between all 10 bit groups in the payload is determined every 50us.

With Clear/Write trace mode and single sweep operation the selected number of sweeps will be
processed and according to the RF Test Specification the results of all sweeps will be compared with
the defined tolerance. If a different trace mode is selected, the analyzer can alternatively combine
several traces and determine the measurement results from the resulting trace.

DB
Att 30 dB

Ref 10,0 dBm AQT 625ps

CF 2.402 GHz

Carrier Frequency Drift

Maximum Frequency Drift
Maximum Drift Rate
Packet Properties
Type

Sync Ok

D

3 MHz

H1

Length

Status: PASS5ED
-4.62 kHz [ packet
-2.56 kHz f 50 us

366 symbols

Fig. 3—15 Carrier Frequency Drift measurement
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Relative Transmit Power (EDR) measurement

The measurement of the Relative Transmit Power (Rel TX Power softkey) is an enhanced data rate
measurement (EDR). It determines the average transmission power of the GFSK and DPSK modulated

parts of the signal and calculates the ratio of those values.

The measurement results must conform to the requirement:

® (Pgrsk —4dB) < Pppsk < (Pgrsk + 1dB)

Continous
4%t 30 dB Sweep
10.0 dBem

-20 dBm

Meas Time

Manual
-40 dBm

Meas Time
Auto

-60 dBm

-0 dBm

CF 2.402 GHz

EDR Relative Transmit Power Status: PASSED
|Power(pPsSk) |  404dBm| | |
|Power(GFSk) |  434dBm| [ |
|Power(DPSK/GFSk) |  -0aods| [ |

Packet Properties

Type 2DH1 | Length 283 symbols

Sync Ok

Fig. 3—-16 Relative Transmit Power (EDR) measurement
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In-band Spurious Emissions (EDR) measurement

The measurement of the In-band Spurious Emissions (Spurious Emissions softkey) is an enhanced
data rate measurement (EDR). It verifies whether the level of unwanted signals within the used
frequency band lies below the required level. The analyzer records the signal only in those parts of the

signal in which the device transmits DPSK-modulated data.
The signal must meet the following conditions:

e Pix(f) < =20 dBm for [M=N| = 2

o Py (f) < 40 dBm for [M—N| = 3

with M = transmit channel of the equipment under test, N = adjacent channel to be measured

e The adjacent channel power between 1 MHz and 1.5 MHz from the carrier (Adj500kHz Low/Upp)
shall be at least 26 dB below the maximum power of the carrier (TX Channel (Ref)).

Continous
20 de Sweep

10.0 dBm

Adjust
Gate

EDR Spurious Emissions

Tx Channel (Ref) 1.65 dBm MNo. of
Adj S00kHz Low -40.13 dBm | Adj 500kHz Upp -37.74 dBm ACP Chan
D 3.13 dBm | 8 I

Channel
List Start

1
4

Fig. 3-17 In-band Spurious Emissions (EDR) measurement
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Carrier Frequency Stability and Modulation Accuracy (EDR) measurement

The measurement of the Carrier Frequency Stability and Modulation Accuracy (Carr Freq Stability
softkey) is an enhanced data rate measurement (EDR). It verifies that the modulation accuracy and the
frequency stability are working within the required limits. According to the RF Test Specification, the
software records 200 blocks, each with a length of 50 us for the evaluation. The number of blocks to be
recorded can be changed by the softkey Block Count.

CBW 3 MHz Continous

Sweep

AQT 625ps

Meas Time

Manual

Meas Time

Auto

CF 2.402 GH=z
EDR Carrier Frequency Stability Status: PASSED
| Initial Freq Error [ 776.8Hz|  -719.7Hz|  -69.0 Hz|

valus
DEVM(Peak) |  o.oss | 0 | |
DEvmoow) |  oos2 | [ |

Fig. 3—18 Carrier Frequency Stability and Modulation Accuracy (EDR) measurement
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Differential Phase Encoding (EDR) measurement

The measurement of the Differential Phase Encoding (Diff Phase softkey) is an enhanced data rate
measurement (EDR). It checks in the time range of the DPSK modulation whether the device modulates

the data correctly.

[n] 1Hz Continous
10 dB Sweep

10.0 dBm AQT 3.1ms

Meas Time

Manual

Meas Time

Auto

Count 100

CF 2.402 GHz

EDR Differential Phase Encoding Status: PASSED
Packets Tested 100 | Packets Passed 100
Bit Error Rate (BER) 0.000000

Packet Properties

Type 3DHS5 | Length 2783 symbaols

Sync OK
Fig. 3—19 Differential Phase Encoding (EDR) measurement
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Softkeys of the Bluetooth menu

This menu provides the softkeys for the basic settings, which are common to all tests. The following
table shows all softkeys available in the Bluetooth menu. It is possible that your instrument configuration
does not provide all softkeys. If a softkey is only available with a special option, model or
(measurement) mode, this information is delivered in the corresponding softkey description.

Menu / Command Command

Channel

Packet Type
Packet Bytes SCO

Power Class

Antenna Gain
Find Sync ¥ Find Sync On/Off
LAP

Sync Offset

Find Burst On/Off
Burst Offset

Search Len Auto

Search Len Manual

More V¥

Select Trace

Points / Symbol

Channel

Opens an edit dialog box to enter the transmission channel number. From the number of the
channel the center frequency is calculated in accordance to the RF Test Specification. The
default setting is channel number O.

Setting the channel number is in principle equal to changing the center frequency. The major
difference is that the center frequency is not limited to available frequency band values, i.e.
values outside the frequency band and between the discrete channels can be selected (see also
Center softkey in the frequency menu).

= Remote: CONF:BTO:CHAN 20

Packet Type

Opens a dialog box to select the number of occupied slots in the sent packet. The AUTO value
is identical to 5 Slot Packet. The default value is packet type 1 Slot Packet.

The number of occupied slots is used for the automatic calculation of the sweep time
(Sweeptime Auto softkey) and the search length of the sync word (Search Len Auto softkey).

The actually transmitted packet type is determined automatically by the Bluetooth demodulator
(which means that the selected packet type need not necessarily correspond to the really
transmitted packet type; it will only affect the settings for sweep time and search length as
described above).

= Remote: CONF:BTO:PTYP DH5
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Packet Bytes SCO

Opens an edit dialog box to set the number of payload bytes that are transmitted in a packet.
For SCO packets, the payload length must be adjusted because those packets have no payload
header.

= Remote: CONF:BTO:PBSC 50

Power Class (Output Power)

Opens an edit dialog box to set one the Bluetooth power classes (1 to 3). The selection of the
power class determines the limits. The default setting is power class 1 (100 mW).

= Remote: CONF:BTO:PCL 3

Antenna Gain

Opens an edit dialog box to enter a level offset in order to take the gain of an antenna into
account for displaying power values. The default setting is 0 dB (see also Labels used in the
measurement displays).

= Remote: CORR:EGA:INP 10DB

Find Sync

Opens a submenu to set the signal processing functions of the analyzer in order to determine
the position of the first preamble bit pO by correlation with the sync word. For this purpose a
sufficient record length of the FM demodulated signal is necessary.

For further information refer to "Position of a Bluetooth burst" on page 3.116.

Find Sync On/Off

Activates or deactivates the search of the sync word. The default setting is activated.

The results of the modulation measurements Modulation Characteristics, Initial Carrier
Frequency Tolerance, Carrier Frequency Drift can only be calculated if the softkey is activated.
The measurement of the Output Power can be performed with either this softkey or the Find
Burst On/Off softkey activated. If both softkeys are activated, the search area for the sync word
will be limited to the area of the detected burst. If the Find Burst On/Off softkey is not activated
or no burst is identified, the total record length (search length) is investigated.

For further information refer to "Position of a Bluetooth burst" on page 3.116.

= Remote: DDEM: SEAR: SYNC ON

1303.6573.42 3.127 E-2



Bluetooth Measurements (Option K8) R&S ZVL-K1

LAP

Opens an edit dialog box to enter the lower 24 bit (Lower Address Part, LAP)of the Bluetooth
Device Address (BD_ADDR) of the equipment under test (EUT).

The LAP is used to calculate the 64—bit sync word. The sync word in return is used to determine
the start of a packet by correlation and to determine the position of the first preamble bit p0
using the method described in the RF Test Specification.

The values for the lower address part range from 000000h to FFFFFFh. The default setting is
0000000h.

= Remote: DDEM: SEAR:SYNC: LAP #HA3F45B

Sync Offset

Opens an edit dialog box to define the number of bits to be displayed in front of the of the first
preamble bit p0. If the sync word is identified, but the selected measurement time cannot be
displayed due to the selected sync offset, the message SYNC OFFSET INVALID is displayed.

The value range depends on the search length and the upper limit of symbols (400001 points /
symbol). The default setting for the sync offset is 0.

This softkey is only available if the Find Sync On/Off softkey is activated.

Search Length

A
h 4

_gAccess
"\ Code 7|
Sync
Word

Header | Payload |

Sync Offset > 0 | Meas Time (User) |
Sync Offset =0 Meas Time (User) |
Sync Offset < 0 Meas Time (User) |

= Remote: DDEM: SEAR: SYNC:OFFS 10

Find Burst On/Off (Output Power)

Activates the burst search if the Find Sync On/Off softkey is deactivated. Beside the
synchronization on the sync word, the Output Power measurement can perform a burst search
to evaluate the signal according to the standard.

If the Find Sync On/Off softkey is not activated and no burst is identified, the message BURST
NOT FOUND is displayed, and the corresponding bit in the STATus:QUEStionable:SYNC
register is set during remote operation.

For further information refer to "Position of a Bluetooth burst" on page 3.116.

= Remote: DDEM: SEAR: PULS OFF
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Burst Offset

Opens an edit dialog box to define the time to be displayed before the identified burst. The
values range from —10 ms to + 10 ms, with negative values moving the burst to the left, positive
values to the right. The default setting for the burst offset is 0.

If the burst is identified, but the selected measurement time cannot be displayed due to the
selected burst offset, the message BURST OFFSET INVALID is displayed.

This softkey is only available if the Find Sync On/Off softkey is deactivated and the Find Burst
On/Off softkey is activated.

Search Length

»i
<

A 4

Burst
> »'
Y

Access
Code

| Header | Payload

A

Trigger (optional)

Burst Offset > 0 Meas Time (User) |
Burst Offset = 0 Meas Time (User) |
Burst Offset < 0 Meas Time (User) |

= Remote: DDEM: SEAR: PULS:OFFS 1MS

Search Len Auto

Activates or deactivates the automatic selection of the search length for the search of the sync
word or the burst, depending on the selected packet type. The automatic search length is
determined as follows:

Trigger free run:
search length = 3 * packet length + | sync offset or burst offset |
All other trigger modes:
search length = 1 * packet length + 1 Slot + | sync offset or burst offset |

If the selected measurement time is higher than the packet length, the following difference is
added to the search length:

measurement time — packet length
In the default setting, the automatic calculation of the search length is activated.

= Remote: DDEM: SEAR: TIME : AUTO OFF
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Search Len Manual

Opens an edit dialog box to enter the search length used for determining the sync word or the
burst. The unit of the search length is seconds; the values range from 100 us to (400001 / points
per symbol) ps. The default setting is 1825 pus.

The selected number of points / symbol and the maximum search length is listed in the table

below.

Points per symbol Max. search length
(number of slots)
104.4
52.2

8 26.1

16 13.1

32 6.5

For information on the correlation of trigger and record length refer to the Search Len Auto
softkey.

= Remote: DDEM: SEAR: TIME 100US

Select Trace

Opens an edit dialog box to select the measurement curve whose numeric results will be
displayed in the lower half of the screen. The default curve selected is trace 1.

= Remote: CONF:BTO:TRAC2:SEL

Points / Symbol
(Output Power, TX Spec ACP, Modulation Char, Init Carr Freq Tol, Carr Freq Drift)

Opens an edit dialog box to change the number of measurement samples per symbol. For Basic
Rate measurements, the possible values are 2, 4, 8, 16, 32. The default value is 4. For EDR
measurements, the default value is set and cannot be changed.

The RF Test Specification requests an oversampling factor of at least 4. With this oversampling
factor a 5 Slot Packet corresponds to 12500 measurement samples (= 2500 samples / slot).

= Remote: CONF:BTO: PRAT 16

Softkeys of the frequency menu (Bluetooth mode)

The following table shows all softkeys available in the frequency menu in Bluetooth mode (CENTER
key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is only
available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command Command

Center

CF-Stepsize ¥

0.1*Chan Spacing

= Chan Spacing
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Center

Opens an edit dialog box to change the center frequency.

If the frequency channel has been set via the Channel softkey, a change of the center
frequency is possible, but the relation to the frequency channel will be lost, which means that the
value range for the center frequency is not limited to frequencies within valid frequency
channels.

The return to the fixed relation between center frequency and Bluetooth frequency channels is
performed when Channel softkey is pressed or when another measurement is selected. The
center frequency will be rounded to the nearest frequency channel.

= Remote: FREQ:CENT 100MHz

CF-Stepsize

Opens a submenu to set the step size of the center frequency.

0.1*Chan Spacing

Sets the step size of the center frequency to 1/10 of the channel spacing.

= Chan Spacing

Sets the step size of the center frequency to the size of the channel spacing.

Softkeys of the amplitude menu (Bluetooth mode)

The following table shows all softkeys available in the amplitude menu in Bluetooth mode (AMPT key).
It is possible that your instrument configuration does not provide all softkeys. If a softkey is only
available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Menu / Command Command
Ref Level
Range ¥ Range

Reference Position

Reference Value

Zoom

Range Log

Range Linear
RF Atten Manual
RF Atten Auto
More V¥

Ref Level Offset

Ref Level Position

Input 50 Q /75 Q

1303.6573.42 3.131 E-2



Bluetooth Measurements (Option K8) R&S ZVL-K1

Ref Level

The maximum input power of the A/D converter (defined by this value) must be equal or higher
than the maximum power of the signal under test.

For details refer to the Ref Level softkey in the amplitude menu of the base unit.

Range (Modulation Char, Init Carr Freq Tol, Carr Freq Drift)

Opens a submenu for scaling the x— and y—axis.

Range (Modulation Char, Init Carr Freq Tol, Carr Freq Drift)

Opens an edit dialog box to enter the range for the frequency deviation.

= Remote: DISP:TRAC:Y 110dB

Reference Position (Modulation Char, Init Carr Freq Tol, Carr Freq Drift)

Opens an edit dialog box to enter the position of the reference line for the frequency deviation on
the y—axis of the diagram. The unit is % of the diagram height, with 100% corresponding to the
upper diagram border.

= Remote: DISP:WIND:TRAC:Y:RPOS 50PCT

Reference Value (Modulation Char, Init Carr Freq Tol, Carr Freq Drift)

Opens an edit dialog box to enter the FM deviation at the reference line on the y—axis. This
allows individual frequency offsets to be taken into account for the display of the measurement
curves. The valid value range is 0 to + 1 MHz; the default setting is 0 Hz.

= Remote: DISP: TRAC:Y:RVAL 0

Range Log
(Output Power, TX Spec ACP, Rel TX Power, Spurious Emissions, Carr Freq Stability, Diff Phase)

For details refer to the Range Log softkey in the amplitude menu of the base unit.

Range Linear
(Output Power, TX Spec ACP, Rel TX Power, Spurious Emissions, Carr Freq Stability, Diff Phase)

For details refer to the Range Linear softkey in the amplitude menu of the base unit.

RF Atten Manual

For details refer to the RF Atten Manual softkey in the amplitude menu of the base unit.

RF Atten Auto

For details refer to the RF Atten Auto softkey in the amplitude menu of the base unit.
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Ref Level Offset

For details refer to the Ref Level Offset softkey in the amplitude menu of the base unit.

Ref Level Position

For details refer to the Ref Level Position softkey in the amplitude menu of the base unit.

Input 50 Q /75 Q

For details refer to the Input 50 Q / 75 Q softkey in the amplitude menu of the base unit.

Softkeys of the bandwidth menu (Bluetooth mode)

The following table shows all softkeys available in the bandwidth menu in Bluetooth mode (PWR BW
key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is only
available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Command

Meas Time Manual

Meas Time Auto

Sweeptime Manual

Sweeptime Auto
Res BW Manual
Res BW Auto
Video BW Manual
Video BW Auto

Filter Type

Meas Filter

Meas Time Manual
(Output Power, Modulation Char, Init Carr Freq Tol, Carr Freq Drift, Rel TX Power, Carr Freq
Stability, Diff Phase)

Opens an edit dialog box to enter the measurement time. The valid value range is 1 us to
(400001 / points per symbol) ps.

= Remote: CONF:BTO:SWE: TIME 10MS

Meas Time Auto
(Output Power, Modulation Char, Init Carr Freq Tol, Carr Freq Drift, Rel TX Power, Carr Freq
Stability, Diff Phase)

Activates the automatic calculation of the measurement time. The automatic sweep time
corresponds to the settings defined in the RF Test Specification. By default, the automatic
sweep time calculation is activated.

= Remote: CONF:BTO:SWE: TIME : AUTO ON
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Sweeptime Manual (TX Spec ACP)

Opens an edit dialog box to enter the sweep time. The valid value range is 10 pus (minimum
measurement time for one channel) to 16000 s. The default setting is 79 s.

= Remote: CONF:BTO:SWE: TIME 10MS

Sweeptime Auto (TX Spec ACP)

Activates the automatic calculation of the sweep time. The automatic sweep time corresponds to
the settings defined in the RF Test Specification. By default, it is activated.

= Remote: CONF:BTO:SWE: TIME : AUTO ON

Res BW Manual (Output Power, Rel TX Power)

Opens an edit dialog box to enter the resolution bandwidth. The values range from 1 MHz to 3
MHz. The default value is 3 MHz.

= Remote: CONF:BTO:BAND 1KHZ

Res BW Auto (Output Power, TX Spec ACP, Rel TX Power, Spurious Emissions)

Sets the bandwidth according to the values defined in the RF Test Specification.

= Remote: CONF:BTO:BAND:AUTO ON

Video BW Manual (TX Spec ACP)

The default value is 300 kHz, according to the values defined in the RF Test Specification.

For further details refer to the Video BW Manual softkey in the bandwidth menu of the base
unit.

= Remote: CONF:BTO:BAND:VID 100HZ

Video BW Auto (TX Spec ACP, Spurious Emissions)

Sets the video bandwidth according to the values defined in the RF Test Specification. In the In—
band Spurious Emissions measurement, the video bandwidth is always adjusted automatically.
Therefore the softkey is activated by default and its state cannot be changed.

= Remote: CONF:BTO:BAND:VID:AUTO ON

Filter Type (Output Power, TX Spec ACP, Spurious Emissions, Rel TX Power)

Opens the Filter Type dialog box to select the filter type. For the measurements Output Power
and Rel TX Power, a Gaussian or a channel filter can be selected. For the measurements TX
Spec ACP and Spurious Emissions, the filter type is a Gaussian filter.

= Remote: BAND: TYPE NORM
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Meas Filter (Modulation Char, Init Carr Freq Tol, Carr Freq Drift)

Activates or deactivates a filter that limits the bandwidth for the modulation measurements.
Since the RF Test Specification Rev 2.0.E.3 it is required to use this filter and therefore it is

activated by default.

The filter is flat within 1.04 MHz (ripple: only 0.02 dB) and has steep slopes outside this area.
The filter has the following characteristics:

— passband ripple up to + 550 kHz < 0.5 dB (peak to peak)

— minimum attenuation in the transition band

H+

H+

H+

= Remote: DDEM:FILT:

650 kHz:
1 MHz:
2 MHz:

> 34dB
> 14 dB
> 44 dB

MEAS BTO

Softkeys of the sweep menu (Bluetooth mode)

The following table shows all softkeys available in the sweep menu in Bluetooth mode (SWEEP key).
In the Bluetooth mode, the sweep menu is used for direct entry into the measurement menu of the
currently selected measurement. It is possible that your instrument configuration does not provide all
softkeys. If a softkey is only available with a special option, model or (measurement) mode, this
information is delivered in the corresponding softkey description.

Command

Start Test

Continue Test

Continuous Sweep

Single Sweep

Meas Time Manual

Meas Time Auto

Sweeptime Manual

Sweeptime Auto

Block Count

Adjust Gate

Sweep Count

Power Avg Start

Power Avg Stop

Zoom

No. of ACP Chan

Channel List Start

More V¥

Gate Delay

Gate Length

GFSK Start

GFSK Stop

DPSK Start

DPSK Stop
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Start Test (Modulation Char)

Initiates a new measurement. All frequency deviation values obtained earlier are discarded.

The bit pattern in the payload is detected automatically. The frequency deviation of a packet is
determined according to the procedure defined in the RF Test Specification.

= Remote: INIT; *WAI

Continue Test (Modulation Char)

Measures the frequency deviation of further packets after the bit pattern has been changed at
the EUT, just like the Start Test softkey did for the first bit pattern type. The results of the
preceding measurement are preserved and are taken into account for the new measurements.

= Remote: INIT:CONM; *WAT

Continuous Sweep

Selects the continuous measurement operation. This is the default setting of the instrument.

= Remote: INIT:CONT ON; *WAT

Single Sweep
(Output Power, TX Spec ACP, Init Carr Freq Tol, Carr Freq Drift, Rel TX Power, Spurious
Emissions, Carr Freq Stability, Diff Phase)

Selects the single measurement operation and starts a measurement cycle.

= Remote: INIT:CONT OFF; *WAI

Block Count (Carr Freq Stability)

Opens an edit dialog box to enter the number of blocks to be measured. Every block has the
length of 50 ps. The default value is 200 blocks.

This softkey is only available in single sweep operation.

= Remote: CONF:BTO:CFST:BCO 1000

Adjust Gate (Spurious Emissions)

Adjusts the gate settings according to the pre—measurement results.

= Remote: CONF:BTO:IBS:GATE:AUTO ONCE

Sweep Count
(Output Power, TX Spec ACP, Modulation Char, Init Carr Freq Tol, Carr Freq Drift, Rel TX Power,
Spurious Emissions, Diff Phase)

Opens an edit dialog box to enter the number of sweeps to be initiated by Single Sweep
softkey. The valid value range is 0 to 32767.

= Remote: CONF:BTO:SWE:COUN 20
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Power Avg Start (Output Power)

Opens an edit dialog box to enter the start position of the evaluation area for the average burst
power. The values range from 0 to 100%, the default setting is 20%.

For further information refer to "Position of a Bluetooth burst" on page 3.116.

Remote: CONF:BTO: POW:AVER:STAR 10PCT

Power Avg Stop (Output Power)

Opens an edit dialog box to enter the stop position of the evaluation area for the average burst
power. The values range from 0 to 100%, the default setting is 80%.

For further information refer to "Position of a Bluetooth burst" on page 3.116.

Remote: CONF:BTO: POW:AVER:STAR 90PCT

Zoom (Modulation Char, Init Carr Freq Tol, Carr Freq Drift)

Activates or deactivates the zoom function. Opens an edit dialog box to enter the zoom start
position. The valid value range for the zoom start position is 0 to (measurement time — 500 /
sampling rate). The default setting for the zoom function is Os (off).

With active zoom function, an area of only 501 samples is displayed.

= Remote: ADEM: ZOOM ON

= Remote: ADEM: ZOOM: STAR 500us

No. of ACP Chan (TX Spec ACP, Spurious Emissions)
Opens an edit dialog box to enter the number of adjacent channels, for which the power is to be
measured. The values range from 0 to 78. A minimum value of 3 is recommended. The default
setting is 78 (all channels).
As with the ACP measurement of the basic instrument firmware this value refers to the number
of adjacent channels on one side of the TX channel. This means that with a selected value of 10
the analyzer will measure in total 21 channels (10 lower channels + TX channel + 10 upper
channels).
The frequency range required for the measurement is set up automatically. The center
frequency will also be adapted automatically dependent on the selected TX channel.
The measurement of the adjacent channels is limited to the available Bluetooth frequency band,
which means that at maximum 79 channels (23 channels in France) will be measured.

= Remote: CONF:BTO:ACLR:ACP 10 (TX Spec ACP)

-

Remote: CONF:BTO:IBS:ACP 20 (Spurious Emissions)

Channel List Start (TX Spec ACP, Spurious Emissions)

Opens an edit dialog box to enter the channel with which the result display table starts. Because
of the multiplicity of the measurements results not all channels can be displayed simultaneously.
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Gate Delay (Spurious Emissions)

Opens an edit dialog box to enter the time between trigger event and start of the DPSK packet.
That is the measurement start time.

= Remote: SWE:EGAT:HOLD 100us

Gate Length (Spurious Emissions)

Opens an edit dialog box to enter the sweep time in seconds. Usually, this is the length of the
DPSK section.

= Remote: SWE:EGAT:LENG 10ms

GFSK Start (Rel TX Power)

Opens an edit dialog box to enter the start time for the power measurement of the GFSK
sections of the packet. The default value is 10%.

The abbreviation GFSK stands for Gaussian Frequency Shift Keying.

= Remote: CONF:BTO:RTP:GAV:STAR 20

GFSK Stop (Rel TX Power)

Opens an edit dialog box to enter the stop time for the power measurement of the GFSK
sections of the packet. The default value is 90%.

The abbreviation GFSK stands for Gaussian Frequency Shift Keying.

= Remote: CONF:BTO:RTP:GAV:STOP 80

DPSK Start (Rel TX Power)

Opens an edit dialog box to enter the start time for the power measurement of the DPSK
sections of the packet. The default value is 10%.

The abbreviation DPSK stands for Differential Phase Shift Keying.

= Remote: CONF:BTO:RTP:DAV:STAR 20

DPSK Stop (Rel TX Power)

Opens an edit dialog box to enter the stop time for the power measurement of the DPSK
sections of the packet. The default value is 90%.

The abbreviation DPSK stands for Differential Phase Shift Keying.

= Remote: CONF:BTO:RTP:DAV:STOP 80
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Softkeys of the trigger menu (Bluetooth mode)

The following table shows all softkeys available in the trigger menu in Bluetooth mode (CENTER key).
It is possible that your instrument configuration does not provide all softkeys. If a softkey is only
available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

Command

Trigger Source

Trg/Gate Level

Trigger Polarity

Trigger Offset

Trigger Source

Opens the Trigger dialog box to select one of the following trigger sources: Free Run, External,
IF Power.

For further details refer to the Trg / Gate Source softkey in the trigger menu of the base unit.

Trg/Gate Level

Opens an edit dialog box to enter the trigger / gate level. This softkey is not available, if the
trigger source Free Run is selected.

For further details refer to the Trg / Gate Level softkey in the trigger menu of the base unit.

Trigger Polarity

For details refer to the Trg / Gate Polarity Pos/Neg softkey in the trigger menu of the base unit.

Trigger Offset

For details refer to the Trigger Offset softkey in the trigger menu of the base unit.

Softkeys of the measurement menu (Bluetooth mode)

The following table shows all softkeys available in the measurement menu in Bluetooth mode (MEAS
key). It is possible that your instrument configuration does not provide all softkeys. If a softkey is only
available with a special option, model or (measurement) mode, this information is delivered in the
corresponding softkey description.

In the Bluetooth mode, the sweep menu is used for direct entry into the measurement menu of the
currently selected measurement. Therefore only the softkeys to select a measurement are described in
this section. All other softkeys are linked to the description in section Softkeys of the sweep menu
(Bluetooth mode) or Softkeys of the bandwidth menu (Bluetooth mode).
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Menu / Command Submenu / Command Command
Output Power Continuous Sweep
Single Sweep
Meas Time Manual
Meas Time Auto
Sweep Count
Power Avg Start
Power Avg Stop
TX Spec ACP ¥ Continuous Sweep
Single Sweep
Sweeptime Manual
Sweeptime Auto
Sweep Count
No. of ACP Chan
Channel List Start
Modulation Char ¥ Start Test
Continue Test
Continuous Sweep
Meas Time Manual
Meas Time Auto
Sweep Count
Zoom
Init Carr Freq Tol ¥ Continuous Sweep
Single Sweep
Meas Time Manual
Meas Time Auto
Sweep Count
Zoom
Carr Freq Drift ¥ see contents of the Init
Carr Freq Tol submenu
EDR VY Rel TX Power ¥ Continuous Sweep
Single Sweep
Meas Time Manual
Meas Time Auto
Sweep Count
More V¥
GFSK Start
GFSK Stop
DPSK Start
DPSK Stop
Spurious Emissions ¥ Continuous Sweep
Single Sweep
Adjust Gate
Sweep Count
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Menu / Command Submenu / Command Command

No. of ACP Chan
Channel List Start
More V¥

Gate Delay
Gate Length

Carr Freq Stability ¥ Continuous Sweep

Single Sweep

Meas Time Manual

Meas Time Auto

Block Count

Diff Phase ¥ Continuous Sweep

Single Sweep

Meas Time Manual

Meas Time Auto

Sweep Count

Output Power

Opens a submenu to configure the Output Power measurement. For further details refer to
"Output Power measurement" on page 3.117.

= Remote: CONF:BTO:MEAS OPOW
= Remote: CALC:BTO:0POW?
= Remote: CALC:BTO:0POW:AVER? MAX

TX Spec ACP

Opens a submenu to configure the TX Spec ACP measurement. For further details refer to
"Adjacent Channel Power measurement" on page 3.118.

= Remote: CONF:BTO:MEAS ACLR
= Remote: CALC:BTO:ACLR?
= Remote: CALC:BTO:ACLR:EXC?

Modulation Char

Opens a submenu to configure the Modulation Char measurement. For further details refer to
"Modulation Characteristics measurement" on page 3.119.

Remote: CONF:BTO:MEAS MCH

Remote: CALC:BTO:MCH:DF1:AVER? MIN
Remote: CALC:BTO:MCH:DF1:MAX? MIN
Remote: CALC:BTO:MCH:DF2:PERC?
Remote: CALC:BTO:MCH:RAT? MIN

111 11
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Init Carr Freq Tol

Opens a submenu to configure the Init Carr Freq Tol measurement. For further details refer to
"Initial Carrier Frequency Tolerance measurement" on page 3.120.

= Remote: CONF:BTO:MEAS IFCT
= Remote: CALC:BTO:ICFT? AVER

Carr Freq Drift

Opens a submenu to configure the Carr Freq Drift measurement. For further details refer to
"Carrier Frequency Drift measurement" on page 3.121.

= Remote: CALC:BTO:CFDR?
= Remote: CALC:BTO:CFDR:RATE?

EDR

Opens a submenu with all available enhanced data rate measurements.

Rel TX Power

Opens a submenu to configure the Rel TX Power measurement. For further details refer to
"Relative Transmit Power (EDR) measurement" on page 3.122.

Remote: CONF:BTO:MEAS RTP
Remote: CALC:BTO:RTP? MIN
Remote: CALC:BTO:RTP:GFSK? MIN

1111

Remote: CALC:BTO:RTP:RAT? MIN

Spurious Emissions

Opens a submenu to configure the Spurious Emissions measurement. For further details refer to
"In—band Spurious Emissions (EDR) measurement" on page 3.123.

Remote: CONF:BTO:MEAS IBS
Remote: CALC:BTO:IBS?

Remote: CALC:BTO:IBS:EXC?
Remote: CALC:BTO:IBS:HADJ? LOW

11 11
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Carr Freq Stability

Opens a submenu to configure the Carr Freq Stability measurement. For further details refer to
"Carrier Frequency Stability and Modulation Accuracy (EDR) measurement" on page 3.124.

= Remote: CONF:BTO:MEAS CFST

= Remote: CALC:BTO:CFST:FERR? MIN

= Remote: CALC:BTO:CFST:FERR:BLOC? AVER

= Remote: CALC:BTO:CFST:FERR: INIT? MAX

= Remote: CALC:BTO:CFST:DEVM? AVER

= Remote: CALC:BTO:CFST:DEVM: PEAK?

= Remote: CALC:BTO:CFST:DEVM:D99Pct?

= Remote: CALC:BTO:CFST:COUNt?

Diff Phase
Opens a submenu to configure the Diff Phase measurement. For further details refer to
"Differential Phase Encoding (EDR) measurement" on page 3.125.

= Remote: CONF:BTO:MEAS DPEN

= Remote: CALC:BTO: DPEN:NERR?

= Remote: CALC:BTO:DPEN?

= Remote: CALC:BTO:DPEN:BER?
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Power Meter (Option K9)

For precise power measurement a power sensor is connected to the instrument via the front panel
(USB connector) or the rear panel (power sensor, option R&S FSL-B5). The Power Sensor Support
firmware option provides the power measurement functions for this test setup (see figure below Fig. 3—
20: Power sensor support — standard test setup). Both manual operation and remote control are
supported. The functions of this firmware option are described in this section. For details on the
connectors and compatible power sensors refer to the Quick Start Guide, chapter 1, "Front and Rear
Panel".

Signal > Power »| R&S®FSL
source sensor

Fig. 3—20: Power sensor support — standard test setup

To open the power meter menu
1. Press the MENU key.
2. Press the Power Meter softkey.

The power meter menu is displayed.

Menu and softkey description
"Softkeys of the power meter menu" on page 3.145

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Tasks
— To zero the power meter

— To use the power meter

To zero the power meter
1. Press the Zero softkey.

A dialog box is displayed that prompts you to disconnect all signals from the input of the power
Sensor.

2. Disconnect all signals from the input of the power sensor and press ENTER to continue.
3. Wait until zeroing is complete.

A corresponding message is displayed.
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To use the power meter
1. Press the Frequency Coupling softkey to select the coupling option.

2. If you have selected the Manual coupling option, press the Frequency Manual softkey to enter the
frequency of the signal which power you want to measure.

Press the Unit/Scale softkey to set the unit for the power result display.

If you have selected dB or % as units (relative display), define a reference value:

— To set the currently measured power as a reference value, press the Meas—>Ref softkey.
— To enter a reference value, press the Reference Value softkey.

5. Press the Meas Time/Average softkey to select the measurement time. For recommendations refer
to the Meas Time/Average softkey description.

Softkeys of the power meter menu

The following table shows all softkeys available in the power meter menu. It is possible that your
instrument configuration does not provide all softkeys. If a softkey is only available with a special option,
model or (measurement) mode, this information is delivered in the corresponding softkey description.

For the description of the other main softkeys refer to "Optional softkeys of the menu menu" on page
3.94,

Command

Power Meter On/Off

Frequency Manual

Frequency Coupling
Unit/Scale

Zero

Meas Time/Average

More V¥

Meas—>Ref

Reference Value

Use Ref Lev Offset

Number of Readings

Power Meter On/Off

Switches the power measurement on or off.

= Remote: PMET ON

Frequency Manual

Opens an edit dialog box to enter the frequency of the signal to be measured. The power sensor
has a memory with frequency—dependent correction factors. This allows extreme accuracy for
signals of a known frequency.

= Remote: PMET:FREQ 1GHZ
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Frequency Coupling

Opens the Frequency Coupling dialog box to select the coupling option. The frequency can be
coupled automatically to the center frequency of the instrument or to the frequency of marker 1,
or manually to a set frequency (see Frequency Manual softkey).

= Remote: PMET: FREQ:LINK CENT

Unit/Scale

Opens the Unit/Scale dialog box to select the unit with which the measured power is to be
displayed.

If dB or % is selected, the display is relative to a reference value that is defined with either the
Meas—>Ref softkey or the Reference Value softkey.

= Remote: UNIT:PMET: POW DBM
= Remote: UNIT:PMET:POW:RAT DB

Zero

Starts zeroing of the power sensor. For details on the zeroing process refer to "To zero the
power meter" on page 3.144.

= Remote: CAL:PMET: ZERO: AUTO ONCE; *WAT

Meas Time/Average

Opens the Meas Time dialog box to select the measurement time or to switch to manual
averaging mode. In general, results are more precise with longer measurement times. The
following settings are recommended for different signal types to obtain stable and precise

results:

Short Stationary signals with high power (> —40dBm), because they require only a
short measurement time and short measurement time provides the highest
repetition rates.

Normal Signals with lower power or of modulated signals

Long Signals at the lower end of the measurement range (<-50 dBm) or
signals with lower power to minimize the influence of noise.

Manual Switches to manual averaging mode. The average count is set with the

Number of Readings softkey.

= Remote: PMET:MTIM SHOR
= Remote: PMET:MTIM:AVER ON

Meas—>Ref

Sets the currently measured power as a reference value for the relative display. The reference
value can also be set manually via the Reference Value softkey.

= Remote: CALC: PMET:REL:AUTO ONCE
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Reference Value

Opens an edit dialog box to enter a reference value for relative measurements in the unit dBm.

= Remote: CALC: PMET:REL —-30DBM

Use Ref Lev Offset

If activated, takes the reference level offset set for the analyzer (Ref Level Offset softkey) into
account for the measured power. If deactivated, takes no offset into account.

= Remote: PMET:ROFF OFF

Number of Readings

Opens an edit dialog box to enter the number of readings (averagings) to be performed after a
single sweep has been started. This softkey is only available if manual averaging is selected
(Meas Time/Average softkey).

The values for the average count range from 0 to 256 in binary steps (1, 2, 4, 8,...). For average
count = 0 or 1, one reading is performed. The averaging and sweep count of the trace menu are
independent from this setting.

Results become more stable with extended average, particularly if signals with low power are
measured. This setting can be used to minimize the influence of noise in the power meter
measurement.

= Remote: PMET:MTIM:AVER:COUN 8
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Spectrogram Measurement (Option K14)

The Spectrogram Measurement option provides a graphical view of frequency and amplitude changes
over a time interval. For display details refer to "Spectrogram view" on page 3.148.

Not all measurement types can be displayed in the Spectrogram view. If the Spectrogram Measurement
option is active and a measurement cannot be displayed in form of a spectrogram, the softkey of the
corresponding measurement is disabled.

If the Spectrogram view is active, all parameter settings set in the Spectrum Analyzer mode are kept,
and vice versa.

To open the spectrogram menu
1. Press the MENU key.
2. Press the Spectrogram softkey.

The spectrogram menu is displayed.

Menu and softkey description

— "Softkeys of the spectrogram menu" on page 3.150

— "Softkeys of the sweep menu (Spectrogram view)" on page 3.151

— "Softkeys of the marker menu (Spectrogram view)" on page 3.153

— "Softkeys of the marker—> menu (Spectrogram view)" on page 3.153

All other menus are provided as described for the base unit. For details refer to the corresponding menu
descriptions.

To display help to a softkey, press the HELP key and then the softkey for which you want to display
help. To close the help window, press the ESC key. For further information refer to section "How to use
the Help System".

Further information
"Spectrogram view" on page 3.148
"Markers and marker values" on page 3.150

"Maximum number of frames" on page 3.150

Spectrogram view

The Spectrogram view is divided into two panes: the spectrum an