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Safety instructions

1 Safety and regulatory information

The product documentation helps you use the product safely and efficiently. Follow the
instructions provided here and in the following chapters.

Intended use

The product is intended for the development, production and verification of electronic
components and devices in industrial, administrative, and laboratory environments.
Use the product only for its designated purpose. Observe the operating conditions and
performance limits stated in the data sheet.

Target audience

The target audience of this product documentation is developers and technicians per-
forming RF signal measurements. The required skills and experience depend on the
used operating mode and measurement application.

Where do I find safety information?

Safety information is part of the product documentation. It warns you of potential dan-
gers and gives instructions on how to prevent personal injury or damage caused by
dangerous situations. Safety information is provided as follows:

® |n Chapter 1.1, "Safety instructions", on page 17. The same information is provi-
ded in many languages as printed "Safety Instructions". The printed "Safety
Instructions" are delivered with the product.

® Throughout the documentation, safety instructions are provided when you need to
take care during setup or operation.

1.1 Safety instructions

Products from the Rohde & Schwarz group of companies are manufactured according
to the highest technical standards. To use the products safely, follow the instructions
provided here and in the product documentation. Keep the product documentation
nearby and offer it to other users.

Use the product only for its intended use and within its performance limits. Intended
use and limits are described in the product documentation such as the data sheet,
manuals and the printed "Safety Instructions". If you are unsure about the appropriate
use, contact Rohde & Schwarz customer service.

Using the product requires specialists or specially trained personnel. These users also
need sound knowledge of at least one of the languages in which the user interfaces
and the product documentation are available.

Reconfigure or adjust the product only as described in the product documentation or
the data sheet. Any other modifications can affect safety and are not permitted.

Never open the casing of the product. Only service personnel authorized by
Rohde & Schwarz are allowed to repair the product. If any part of the product is dam-

User Manual 1173.9411.02 — 51 17



R&S®CFSW Safety and regulatory information

Safety instructions

aged or broken, stop using the product. Contact Rohde & Schwarz customer service at
https://www.rohde-schwarz.com/support.

Lifting and carrying the product

The product is heavy. Do not move or carry the product by yourself. A single person
can only carry a maximum of 18 kg safely depending on age, gender and physical con-
dition. Look up the maximum weight in the data sheet. Use the product handles to
move or carry the product. Do not lift by the accessories mounted on the product.
Accessories are not designed to carry the weight of the product.

To move the product safely, you can use lifting or transporting equipment such as lift
trucks and forklifts. Follow the instructions provided by the equipment manufacturer.

Choosing the operating site

Only use the product indoors. The product casing is not waterproof. Water that enters
can electrically connect the casing with live parts, which can lead to electric shock,
serious personal injury or death if you touch the casing. If Rohde & Schwarz provides
accessories designed for your product, e.g. a carrying bag, you can use the product
outdoors.

Unless otherwise specified, you can operate the product up to an altitude of 2000 m
above sea level. The product is suitable for pollution degree 2 environments where
nonconductive contamination can occur. For more information on environmental condi-
tions such as ambient temperature and humidity, see the data sheet.

Setting up the product

Always place the product on a stable, flat and level surface with the bottom of the prod-
uct facing down. If the product is designed for different positions, secure the product so
that it cannot fall over.

If the product has foldable feet, always fold the feet completely in or out to ensure sta-
bility. The feet can collapse if they are not folded out completely or if the product is
moved without lifting it. The foldable feet are designed to carry the weight of the prod-
uct, but not an extra load.

If stacking is possible, keep in mind that a stack of products can fall over and cause
injury.

If you mount products in a rack, ensure that the rack has sufficient load capacity and
stability. Observe the specifications of the rack manufacturer. Always install the prod-
ucts from the bottom shelf to the top shelf so that the rack stands securely. Secure the
product so that it cannot fall off the rack.

Connecting to power

The product is an overvoltage category Il product. Connect the product to a fixed
installation used to supply energy-consuming equipment such as household applian-
ces and similar loads. Keep in mind that electrically powered products have risks, such
as electric shock, fire, personal injury or even death. Replace parts that are relevant to
safety only by original parts, e.g. power cables or fuses.
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Take the following measures for your safety:

® Before switching on the product, ensure that the voltage and frequency indicated
on the product match the available power source. If the power adapter does not
adjust automatically, set the correct value and check the rating of the fuse.

® Only use the power cable delivered with the product. It complies with country-spe-
cific safety requirements. Only insert the plug into an outlet with protective conduc-
tor terminal.

® Only use intact cables and route them carefully so that they cannot be damaged.
Check the power cables regularly to ensure that they are undamaged. Also ensure
that nobody can trip over loose cables.

® |f you connect the product to an external power supply, use the one delivered with
the product or recommended in the product documentation. The external power
supply must conform to the country-specific regulations.

® Only connect the product to a power source with a fuse protection of maximum
20 A.

® Ensure that you can disconnect the product from the power source at any time.
Pull the power plug to disconnect the product. The power plug must be easily
accessible. If the product is integrated into a system that does not meet these
requirements, provide an easily accessible circuit breaker at the system level.
Using headphones

Take the following measures to prevent hearing damage. Before using headphones,
check the volume and reduce it if necessary. If you monitor varying signal levels, take
off the headphones and wait until the signal has settled. Then adjust the volume.
Cleaning the product

Use a dry, lint-free cloth to clean the product. When cleaning, keep in mind that the
casing is not waterproof. Do not use liquid cleaning agents.

Meaning of safety labels

Safety labels on the product warn against potential hazards.

Potential hazard

Read the product documentation to avoid personal injury or product damage.

Heavy product

Be careful when lifting, moving or carrying the product. Carrying the product requires a suffi-
cient number of persons or transport equipment.

Electrical hazard

Indicates live parts. Risk of electric shock, fire, personal injury or even death.

> [ >
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Korea certification class B

Hot surface
Do not touch. Risk of skin burns. Risk of fire.

Protective conductor terminal
Connect this terminal to a grounded external conductor or to protective ground. This connec-
tion protects you against electric shock if an electric problem occurs.

1.2 Warning messages in the documentation

1.3

A warning message points out a risk or danger that you need to be aware of. The sig-
nal word indicates the severity of the safety hazard and how likely it will occur if you do
not follow the safety precautions.

WARNING

Potentially hazardous situation. Could result in death or serious injury if not avoided.

CAUTION

Potentially hazardous situation. Could result in minor or moderate injury if not avoided.

NOTICE

Potential risks of damage. Could result in damage to the supported product or to other
property.

Korea certification class B
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Service manual

2 Documentation overview

This section provides an overview of the R&S FSW user documentation. Unless speci-
fied otherwise, you find the documents at:

www.rohde-schwarz.com/manual/FSW
Further documents are available at:

www.rohde-schwarz.com/product/FSW

2.1 Getting started manual

Introduces the R&S FSW and describes how to set up and start working with the prod-
uct. Includes basic operations, typical measurement examples, and general informa-
tion, e.g. safety instructions, etc.

A printed version is delivered with the instrument. A PDF version is available for down-
load on the Internet.

2.2 User manuals and help

Separate user manuals are provided for the base unit and the firmware applications:

® Base unit manual
Contains the description of all instrument modes and functions. It also provides an
introduction to remote control, a complete description of the remote control com-
mands with programming examples, and information on maintenance, instrument
interfaces and error messages. Includes the contents of the getting started manual.

® Firmware application manual
Contains the description of the specific functions of a firmware application, includ-
ing remote control commands. Basic information on operating the R&S FSW is not
included.

The contents of the user manuals are available as help in the R&S FSW. The help
offers quick, context-sensitive access to the complete information for the base unit and
the firmware applications.

All user manuals are also available for download or for immediate display on the Inter-
net.

2.3 Service manual

Describes the performance test for checking the rated specifications, module replace-
ment and repair, firmware update, troubleshooting and fault elimination, and contains
mechanical drawings and spare part lists.
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2.5

2.6

2.7

Release notes and open-source acknowledgment (OSA)

The service manual is available for registered users on the global Rohde & Schwarz
information system (GLORIS):

https://gloris.rohde-schwarz.com

Instrument security procedures

Deals with security issues when working with the R&S FSW in secure areas. It is avail-
able for download on the Internet.

Printed safety instructions

Provides safety information in many languages. The printed document is delivered with
the product.

Data sheets and brochures

The data sheet contains the technical specifications of the R&S FSW. It also lists the
firmware applications and their order numbers, and optional accessories.

The brochure provides an overview of the instrument and deals with the specific char-
acteristics.

See www.rohde-schwarz.com/brochure-datasheet/FSW

Release notes and open-source acknowledgment
(OSA)

The release notes list new features, improvements and known issues of the current
firmware version, and describe the firmware installation.

The software makes use of several valuable open source software packages. An open-
source acknowledgment document provides verbatim license texts of the used open
source software.

See www.rohde-schwarz.com/firmware/FSW
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Application notes, application cards, white papers, etc.

2.8 Application notes, application cards, white papers,
etc.

These documents deal with special applications or background information on particu-
lar topics.

See www.rohde-schwarz.com/application/FSW
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3 Welcome to the R&S FSW

The R&S FSW is a new high-performance Rohde & Schwarz signal and spectrum ana-
lyzer developed to meet demanding customer requirements. Offering low phase noise,
wide analysis bandwidth and straightforward and intuitive operation, the analyzer
makes measurements fast and easy.

This user manual contains a description of the functionality that the instrument pro-
vides, including remote control operation. The latest version is available for download
at the product homepage (http://www.rohde-schwarz.com/product/FSW.html).
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Key features

4 Getting Started

Note: the following chapters are identical to those in the printed R&S FSW Getting
Started manual.

NCE )Y (Y= 101 PR 25
Preparing fOr USE.....uuuuiuiiicccieie ettt s e s e e e e e e e e e e e e e e e eeeeeeeaeees 26
LTS3 (B0 0= oY G (o SRR 40
Trying out the INSITUMENT......coooiiii e 60
Operating the INSTIUMENT.......ooiiiiii e e 78

4.1 Key features

The R&S FSW Signal and Spectrum Analyzer sets standards in RF performance and
usability. The R&S FSW provides the following outstanding key features:

Unmatched phase noise
Excellent dynamic range
Up to 8.3 GHz analysis bandwidth

800 MHz real-time analysis bandwidth with 2.4 million FFT/s, 0.46 us POl and
500 MHz I/Q data streaming interface

High sensitivity even at low frequencies

High measurement rates and fast sweep times with sweep rates up to 1000
sweeps per second

Multiple measurement applications can be run and displayed in parallel

Easy and intuitive to operate via the large touchscreen user interface and opti-
mized user guidance

SCPI recorder simplifies code generation
Integrated support of R&S®NRP-Zxx power sensors

For a detailed specification refer to the data sheet.

Due to these features the R&S FSW is ideal for various measurement tasks, for
instance:

Measuring oscillators for radar and communications applications due to the low
phase noise

Identifying and analyzing spurious emissions due to the large spurious-free
dynamic range and low DANL

Measuring harmonics due to integrated highpass filters

Measuring wide-band modulated or frequency-agile signals due to the large band-
width

Detecting errors caused by interaction between signals by measuring multiple
standards simultaneously
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4.2

4.2.1

4.2.2

4.2.3
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Here, you can find basic information about setting up the product for the first time.

L J Wi i1 o =T o o =T Y/ 1T TSRS 26
o Unpacking and CheCKING.......ccuuiiiiiiiiiiiiieee e 26
o Choosing the operating Site........coui i 26
e  Setting Up the ProdUCT........uuiiiiiiiee e e e 27
@  Connecting the AC POWET.......cci i i e e e e e e e e e e e e e e e e e e e e ee e 29
e Switching the instrument on and off.............oo e, 29
L J O o) =1 11 g To I (o T8 0 SR 30
e Connecting a Keyboard......... ... 32
e Connecting an external MONITON........c..oii i 32
o Windows 0Operating SYSEM........uuiiiiiieei it e e e e e e 33
L I o T o[ T o o RPNt 35
o Checking the supplied OPtioNS.........ouiiiiiiiiiiccrrre e 36
e Performing a self-alignment.............oooiiiiicccc e ——————- 37
o Considerations for t€St SEIUP....uu i iiiii i 37
e Protecting data using the secure user Mode...........ccooevieiiiiiiieiieeee e, 38

Lifting and carrying

The carrying handles are designed to lift or carry the instrument. Do not apply exces-
sive external force to the handles.

See "Lifting and carrying the product" on page 18.

Unpacking and checking

1. Unpack the R&S FSW carefully.

2. Retain the original packing material. Use it when transporting or shipping the
R&S FSW later.

3. Using the delivery notes, check the equipment for completeness.

4. Check the equipment for damage.

If the delivery is incomplete or equipment is damaged, contact Rohde & Schwarz.

Choosing the operating site

Specific operating conditions ensure proper operation and avoid damage to the prod-
uct and connected devices. For information on environmental conditions such as ambi-

ent temperature and humidity, see the data sheet.

See also "Choosing the operating site" on page 18.

26



R&S®PFSW Getting Started

Preparing for use

Electromagnetic compatibility classes
The electromagnetic compatibility (EMC) class indicates where you can operate the
product. The EMC class of the product is given in the data sheet.
® (lass B equipment is suitable for use in:
— Residential environments

— Environments that are directly connected to a low-voltage supply network that
supplies residential buildings

® C(Class A equipment is intended for use in industrial environments. It can cause
radio disturbances in residential environments due to possible conducted and radi-
ated disturbances. It is therefore not suitable for class B environments.
If class A equipment causes radio disturbances, take appropriate measures to
eliminate them.

4.2.4 Setting up the product

See also:
e "Setting up the product” on page 18
® ‘"Intended use" on page 17

4.2.41 Placing the product on a bench top

To place the product on a bench top

1. Place the product on a stable, flat and level surface. Ensure that the surface can
support the weight of the product. For information on the weight, see the data
sheet.

2. WARNING! A stack of products can fall over and cause injury. Never stack more
than two products. Otherwise, mount them in a rack.
Stack as follows:
e All products must have the same dimensions (width and length).

e Do not exceed a total load of 50 kg placed on the product at the bottom of the
stack.
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Left = Stacked correctly
Right = Stacked incorrectly, too many products

3. NOTICE! Overheating can damage the product.
Prevent overheating as follows:

e Keep a minimum distance of 10 cm between the fan openings of the product
and any object in the vicinity to provide sufficient airflow and ventilation.

e Do not place the product next to heat-generating equipment such as radiators
or other products.

4.2.4.2 Mounting the R&S FSW in a rack

To prepare the rack
1. Observe the requirements and instructions in "Setting up the product" on page 18.

2. NOTICE! Insufficient airflow can cause overheating and damage the product.
Design and implement an efficient ventilation concept for the rack.

To mount the R&S FSW in a rack

1. Use an adapter kit to prepare the R&S FSW for rack mounting.

a) Order the rack adapter kit designed for the R&S FSW. For the order number,
see the data sheet.

b) Mount the adapter kit. Follow the assembly instructions provided with the
adapter Kkit.

2. Lift the R&S FSW to shelf height.

3. Grab the handles and push the R&S FSW onto the shelf until the rack brackets fit
closely to the rack.

4. Tighten all screws in the rack brackets with a tightening torque of 1.2 Nm to secure
the R&S FSW in the rack.
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To unmount the R&S FSW from a rack
1. Loosen the screws at the rack brackets.
2. Remove the R&S FSW from the rack.

3. If placing the R&S FSW on a bench top again, unmount the adapter kit from the
R&S FSW. Follow the instructions provided with the adapter kit.

4.2.5 Connecting the AC power

In the standard version, the R&S FSW is equipped with an AC power supply connector.

The R&S FSW can be used with different AC power voltages and adapts itself auto-
matically to it. Refer to the data sheet for the requirements of voltage and frequency.

For safety information, see "Connecting to power" on page 18.

To connect the AC power

1. Plug the AC power cable into the AC power connector on the rear panel of the
instrument. Only use the AC power cable delivered with the R&S FSW.

2. Plug the AC power cable into a power outlet with ground contact.

The required ratings are listed next to the AC power connector and in the data
sheet.

For details on the connector, refer to Chapter 4.3.2.2, "AC power supply connection

and main power switch", on page 53.

4.2.6 Switching the instrument on and off

Table 4-1: Overview of power states

Status LED on Power key Position of main power switch
Off gray [0]
Standby @ orange [1
Ready green 1

To switch on the R&S FSW
The R&S FSW is off but connected to power.

1. Set the switch on the power supply to position [l].
See Chapter 4.3.2.2, "AC power supply connection and main power switch",
on page 53.

The LED of the Power key is orange.
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See Chapter 4.3.1.1, "Power key", on page 41.

Note: If the R&S FSW was disconnected from power before it was switched off
regularly, it automatically switches back on when the power is reconnected.
Using a LAN-controlled power switch, you can take advantage of this behavior to
switch the device on and off remotely.

2. Press the Power key.
See Table 4-1.

The LED changes to green.
The R&S FSW boots.

After booting, the instrument is ready for operation.

@ Warm-up time for OCXO
When the instrument is switched on, the OCXO requires an extended warm-up time
(see data sheet).
To shut down the product
The product is in the ready state.

» Press the [Power] key.

The operating system shuts down. The LED changes to orange.

If the instrument temperature exceeds the limit specified in the data sheet, the
R&S FSW automatically shuts down to protect the instrument from damage.

To disconnect from power
The R&S FSW is in the standby state.

1. NOTICE! Risk of data loss. If you disconnect the product from power when it is in
the ready state, you can lose settings and data. Shut it down first.

Set the switch on the power supply to position [0].
See Chapter 4.3.2.2, "AC power supply connection and main power switch",
on page 53.

The LED of the standby key is switched off.

2. Disconnect the R&S FSW from the power source.

4.2.7 Connecting to LAN

You can connect the instrument to a LAN for remote operation via a PC.

For details on the connector, see Chapter 4.3.2.4, "LAN", on page 53.
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Provided the network administrator has assigned you the appropriate rights and adap-
ted the Windows firewall configuration, you can use the interface, for example:

® To transfer data between a controlling device and the test device, e.g. torun a
remote control program

® To access or control the measurement from a remote computer using the "Remote
Desktop" application (or a similar tool)

® To connect external network devices (e.g. printers)

® To transfer data from a remote computer and back, e.g. using network folders

Network environment

Before connecting the product to a local area network (LAN), consider the following:
® |nstall the latest firmware to reduce security risks.
® Forinternet or remote access, use secured connections, if applicable.

® Ensure that the network settings comply with the security policies of your company.
Contact your local system administrator or IT department before connecting your
product to your company LAN.

® When connected to the LAN, the product may potentially be accessed from the
internet, which may be a security risk. For example, attackers might misuse or
damage the product. For more information about IT security and how to operate
the product in a secure LAN environment, see the Rohde & Schwarz white paper
1EF96: Malware Protection Windows 10.

» NOTICE! Risk of network failure.
Consult your network administrator before performing the following tasks:
e Connecting the instrument to the network
e Configuring the network
e Changing IP addresses
e Exchanging hardware

Errors can affect the entire network.
Connect the R&S FSW to the LAN via the LAN interface on the rear panel of the
instrument.

Windows automatically detects the network connection and activates the required
drivers.

By default, the R&S FSW is configured to use DHCP and no static IP address is
configured.

O The default instrument name is <Type><variant>-<serial_number>, for example,
= FSW8-123456. For information on determining the serial number, see Chap-
ter 4.3.2.21, "Device ID", on page 60.

For more information on LAN configuration, see Chapter 12.7, "How to set up a net-
work and remote control", on page 860.

User Manual 1173.9411.02 — 51 31


http://www.rohde-schwarz.com/appnote/1EF96

R&SCFSW Getting Started

Preparing for use

4.2.8 Connecting a keyboard
The keyboard is detected automatically when it is connected. The default input lan-
guage is English — US.

However, you can also connect foreign language keyboards; currently the following
languages are supported for the R&S FSW:

® German
® Swiss

® French
® Russian

To configure the keyboard language

1. To access the Windows operating system, press the Windows key on the external
keyboard.

2. Select "Start > Settings > Time & language > Region & language > Add a lan-
guage" .

4.2.9 Connecting an external monitor

You can connect an external monitor (or projector) to the "DVI" or "Display port" con-
nector on the rear panel of the R&S FSW (see also Chapter 4.3.2.5, "Display port and
DVI", on page 54).

@ Screen resolution and format
The touchscreen of the R&S FSW is calibrated for a 16:10 format. If you connect a
monitor or projector using a different format (e.g. 4:3), the calibration is not correct and
the screen does not react to your touch actions properly.

The touchscreen has a screen resolution of 1280x800 pixels. Usually, the display of
the external monitor is a duplicate of the instrument's monitor.

If you configure the external monitor to be used as the only display in the Windows
configuration dialog box ("Show only on 2"), the maximum screen resolution of the
monitor is used. In this case, you can maximize the R&S FSW application window and
see even more details. You cannot change the monitor's screen resolution via the stan-
dard Windows configuration dialog box.

However, you can restore the default instrument resolution (1280x800) on the monitor
using the instrument function "Setup" > "Display" > "Configure Monitor" > "Screen Res-
olution: Restore to default".

The R&S FSW supports a minimum resolution of 1280x768 pixels.

1. Connect the external monitor to the R&S FSW.
2. Press the [Setup] key.
3. Press the "Display" softkey.
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4. Select the "Configure Monitor" tab in the "Display" dialog box.

The standard Windows "Screen Resolution" dialog box is displayed.

B « Al Control Panel Items * Display * Screen Resolution w |4y | Search Control Pane! 2

Change the appearance of your displays

| Detegt
| 1denify
Display: LT-553120121)
Besclutior: 12&0 ] E(]O[remmmen:led] ':
Qrientation: _Lal;dscape |
bdultiple displays: | Show desktoponlyonl =
This is currently your main display. Advanced settings

Make text and other itemns larger or smaller

ould [ choose?

Ok | Cancel

5. Select the instrument for display:

e "Display 1": internal monitor only
e "Display 2": external monitor only
e "Duplicate": both internal and external monitor

6. Tap "Apply" to try out the settings before they are accepted permanently, then you
can easily return to the previous settings, if necessary.

7. Select "OK" if the settings are suitable.

4.2.10 Windows operating system

The instrument contains the Windows 10 operating system which has been configured
according to the instrument's features and needs. Changes in the system setup are
only required when peripherals like a keyboard or a printer are installed or if the net-
work configuration does not comply with the default settings. After the R&S FSW is
started, the operating system boots and the instrument firmware is started automati-
cally.

Tested software

The drivers and programs used on the instrument under Windows 10 are adapted to
the instrument. Only install update software released by Rohde & Schwarz to modify
existing instrument software.
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You can install additional software on the instrument; however, additional software can
impair instrument function. Thus, run only programs that Rohde & Schwarz has tested
for compatibility with the instrument software.

The following program packages have been tested:

® R&S Power Viewer Plus - virtual power meter for displaying results of the power
sensor R&S NRPxx (install only this component!)

® Symantec Endpoint Security — virus-protection software
® FileShredder - for reliable deletion of files on the hard disk

Service packs and updates

Microsoft regularly creates security updates and other patches to protect Windows-
based operating systems. They are released through the Microsoft Update website and
associated update server. Update instruments using Windows regularly, especially
instruments that connect to a network.

Firewall settings

A firewall protects an instrument by preventing unauthorized users from gaining access
to it through a network. Rohde & Schwarz highly recommends using the firewall on
your instrument. Rohde & Schwarz instruments are shipped with the Windows firewall
enabled. All ports and connections for remote control are enabled.

Note that changing firewall settings requires administrator rights.

Virus protection

Take appropriate steps to protect your instruments from infection. Use strong firewall
settings and scan any removable storage device used with a Rohde & Schwarz instru-
ment regularly. It is also recommended that you install anti-virus software on the instru-
ment. Rohde & Schwarz does NOT recommend running anti-virus software in the
background ("on-access" mode) on Windows-based instruments, due to potentially
degrading instrument performance. However, Rohde & Schwarz does recommend run-
ning it during non-critical hours.

For details and recommendations, see the following Rohde & Schwarz white paper:
® 1EF96: Malware Protection Windows 10

To access the "Start” menu

The Windows "Start" menu provides access to the Windows 10 functionality and instal-
led programs.

» Select the "Windows" icon in the toolbar, or press the "Windows" key or the [CTRL
+ ESC] key combination on the (external) keyboard.

The "Start" menu and the Windows taskbar are displayed.
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The Windows taskbar also provides quick access to commonly used programs, for
example Paint or WordPad. IECWIN, the auxiliary remote control tool provided free of
charge and installed by Rohde & Schwarz, is also available from the taskbar or "Start"
menu.

For details on the IECWIN tool, see Chapter 12.4, "The IECWIN tool", on page 829.

All necessary system settings can be defined in the "Start > Settings" menu.

For required settings, refer to the Windows 10 documentation and to the hardware
description.

Logging on

Windows 10 requires that users identify themselves by entering a user name and pass-
word in a login window. By default, the R&S FSW provides the following user accounts:

® "Instrument": an administrator account with unrestricted access to the computer/
domain

® "NormalUser": a standard user account with limited access

Some administrative tasks require administrator rights (e.g. the configuration of a LAN
network). Refer to the description of the basic instrument Setup ([Setup] menu) to find
out which functions are affected.

Secure user mode

If the secure user mode option (R&S FSW-K33) is installed, an additional account is
provided: the "SecureUser".

The "SecureUser" is a standard user account with limited functionality. In particular,
administrative tasks such as LAN configuration or general instrument settings are not
available. Furthermore, for a "SecureUser", data that the R&S FSW normally stores on
the solid-state drive is redirected to volatile memory instead. You can access data that
is stored in volatile memory during the current instrument session. However, when the
instrument’s power is removed, all data in volatile memory is erased.

For details, see Chapter 4.2.15, "Protecting data using the secure user mode",
on page 38.

Passwords

For all default user accounts, the initial password is 894729. Note that this password is

very weak, and it is recommended that you change the password for all users after ini-

tial login. An administrator can change the password in Windows 10 for any user at any
time via "Start > Settings > Account > Signln Options > Password > Change".

Auto-login

When shipped, the instrument automatically logs on the default "Instrument" user to
Windows 10 (with full access) using the default password. This function is active until
an administrator explicitly deactivates it or changes the password.
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@ Changing the password and use of auto-login function

Note that when you change the default password, the default auto-login function no
longer works!

In this case, you must enter the new password manually to log on.

Adapting the auto-login function to a new password

If you change the password that is used during auto-login, this function no longer
works. Adapt the settings for the auto-login function first.

m 1. Select the "Windows" icon in the toolbar to access the operating system of the
R&S FSW (see also "To access the "Start" menu" on page 34).

2. Openthe C:\R_S\INSTR\USER\user\AUTOLOGIN.REG file in any text editor
(e.g. Notepad).

3. Intheline "DefaultPassword"="894129", replace the default password
(894129) by the new password for automatic login.

4. Save the changes to the file.

5. In the Windows "Start" menu, select "Run".
The "Run" dialog box is displayed.

6. Enter the command C:\R S\INSTR\USER\user\AUTOLOGIN.REG.

7. Press the [ENTER] key to confirm.
The auto-login function is reactivated with the changed password. It will be applied
the next time the instrument is switched on.

Switching users when using the auto-login function

Which user account is used is defined during login. If auto-login is active, the login win-
dow is not displayed. However, you can switch the user account to be used even when
the auto-login function is active.

m 1. Select the "Windows" icon in the toolbar to access the operating system of the
R&S FSW (see also "To access the "Start" menu" on page 34).

2. Press [CTRL] + [ALT] + [DEL], then select "Sign out".

The "Login" dialog box is displayed, in which you can enter the different user
account name and password.

For information on deactivating and reactivating the auto-login function, see "Deactivat-
ing the auto-login function" on page 869.

4.2.12 Checking the supplied options
The instrument can be equipped with both hardware and firmware options. To check

whether the installed options correspond to the options indicated on the delivery note,
proceed as follows.
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1. Press the [SETUP] key.

2. Press the "System Config" softkey.

3. Switch to the "Versions + Options" tab in the "System Configuration" dialog box.
A list with hardware and firmware information is displayed.

4. Check the availability of the hardware options as indicated in the delivery note.

4.213 Performing a self-alignment

When temperature changes occur in the environment of the R&S FSW, or after updat-
ing the firmware, you have to perform a self-alignment to align the data to a reference
source.

During self-alignment, do not connect a signal to the RF input connector. Running a
self-alignment with a signal connected to the RF input can lead to false measurement
results.

Performing a self-alignment

Before performing this alignment, make sure that the instrument has reached its oper-
ating temperature (for details, refer to the data sheet).

A message in the status bar ("Instrument warming up...") indicates that the operating
temperature has not yet been reached.

Depending on the installation settings, an automatic self-alignment is performed each
time the instrument is switched on. A dialog box is displayed indicating how much
warm-up time is still required before self-alignment can be performed.

1. Press the [Setup] key.
2. Press the "Alignment" softkey.
3. Select the "Start Self Alignment" button in the "Alignment" dialog box.

Once the system correction values have been calculated successfully, a message
is displayed.

@ To display the alignment results again later
® Press the [SETUP] key.

® Press the "Alignment" softkey.

4.2.14 Considerations for test setup

Cable selection and electromagnetic interference (EMI)

Electromagnetic interference (EMI) can affect the measurement results.
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To suppress electromagnetic radiation during operation:

® Use high-quality shielded cables, for example, double-shielded RF and LAN
cables.

® Always terminate open cable ends.
® Ensure that connected external devices comply with EMC regulations.

Signal input and output levels

Information on signal levels is provided in the data sheet and on the instrument, next to
the connector. Keep the signal levels within the specified ranges to avoid damage to
the R&S FSW and connected devices.

4.2.15 Protecting data using the secure user mode

During normal operation, the R&S FSW uses a solid-state drive to store its operating
system, instrument firmware, instrument self-alignment data, and any user data cre-
ated during operation.

If necessary, the solid-state drive can be removed from the R&S FSW and locked in a
secure place to protect any classified data it may contain.

Redirecting storage to volatile memory

Alternatively, to avoid storing any sensitive data on the R&S FSW permanently, the
secure user mode was introduced (option R&S FSW-K33). In secure user mode, the
instrument’s solid-state drive is write-protected so that no information can be written to
memory permanently. Data that the R&S FSW normally stores on the solid-state drive
is redirected to volatile memory instead, which remains available only until the instru-
ment is switched off. This data includes:

® \Windows operating system files

® Firmware shutdown files containing information on last instrument state
e Self-alignment data

® General instrument settings such as the IP address

® Measurement settings

® User data created during operation
(see also Table 10-1)

® Any data created by other applications installed on the R&S FSW, for example, text
editors (Notepad), the clipboard, or drawing tools.

Users can access data that is stored in volatile memory just as in normal operation.
However, when the instrument’'s power is switched off, all data in this memory is
cleared. Thus, in secure user mode, the instrument always starts in a defined, fixed
state when switched on.

To store data such as measurement results permanently, it must be stored to an exter-
nal storage device, such as a memory stick.
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@ Limited storage space
The volatile memory used to store data in secure user mode is restricted to 256 MB.
Thus, a "Memory full" error can occur although the hard disk indicates that storage
space is still available.

Storing required data permanently

Any data that is to be available for subsequent sessions with the R&S FSW must be
stored on the instrument permanently, before activating the secure user mode. This
includes predefined instrument settings, transducer factors and self-alignment data.

@ Self-alignment data
Note that self-alignment data becomes invalid with time and due to temperature
changes. Therefore, to achieve optimal accuracy, it can be preferable to perform a new
self-alignment at the start of each new session on the R&S FSW.

Restricted operation

Since permanent storage is not possible, the following functions are not available in
secure user mode:

® Firmware update
® Activating a new option key

Furthermore, since the "SecureUser" used in secure user mode does not have admin-
istrator rights, administrative tasks such as LAN configuration and some general
instrument settings are not available. Refer to the description of the basic instrument
setup ([SETUP] menu) to find out which functions are affected.

Activating and deactivating secure user mode

Only a user with administrator rights can activate (and deactivate) the secure user
mode. Once activated, a restart is required. The special user "SecureUser" is then log-
ged on to the R&S FSW automatically using the auto-login function. While the secure
user mode is active, a message is displayed in the status bar at the bottom of the
screen.

@ Secure passwords
By default, the initial password for both the administrator account and the "Secure-
User" account is "894129". When the secure user mode is activated the first time after
installation, you are prompted to change the passwords for all user accounts to
improve system security. Although it is possible to continue without changing the pass-
words, it is strongly recommended that you do so.

You can change the password in Windows 10 for any user at any time via:
"Start > Settings > Account > Signin Options > Password > Change"

To deactivate the secure user mode, the "SecureUser" must log off and a user with
administrator rights must log on.
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O Switching users when using the auto-login function
s In the "Start" menu, select the arrow next to the "Shut down" button and then "Log off".

The "Login" dialog box is displayed, in which you can enter the different user account
name and password.

The secure user mode setting and auto-login is automatically deactivated when
another user logs on. The "SecureUser" is no longer available.

For users with administrator rights, the secure user mode setting is available in the
general system configuration settings (see "SecureUser Mode" on page 783).

Remote control

Initially after installation of the R&S FSW-K33 option, secure user mode must be
enabled manually once before remote control is possible.

(See sYSTem:SECurity[:STATe].)

Manual activation is necessary to prompt for a change of passwords.

4.3 Instrument tour

4.3.1 Front panel view

This chapter describes the front panel, including all function keys and connectors.

(Note: the graphic shows a 26 GHz model of the R&S FSW. Some connectors on the
85 GHz model differ slightly; differences are indicated for the individual connectors.)
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Figure 4-1: Front panel view of FSW26

= POWER key
= Touchscreen
= Function keys
= Keypad
= Navigation controls
= TRIGGER INPUT/OUTPUT connectors
= RF Input 50 Q connector
= EXT MIXER connector (optional)
= (Analog) Baseband Input 50Q connectors for I/Q signal or Rohde & Schwarz active probes (optional)
0 = (Analog) Baseband Input 50Q connectors for inverse part of differential I/Q signal (optional, not for
R&S FSW85)
11 = NOISE SOURCE CONTROL
12 = PROBE connector
13 = POWER SENSOR connector
14 = USB connectors
15 = Headphones connector and volume control
16 = SYSTEM keys

= O 0O N U B~ WN -

4.3.1.1 Power key

The power key is on the lower left corner of the front panel. It starts up and shuts down

the instrument.

See also "Connecting to power" on page 18.
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4.3.1.2 Touchscreen

All measurement results are displayed on the screen on the front panel. Additionally,
the screen display provides status and setting information and allows you to switch
between various measurement tasks. The screen is touch-sensitive, offering an alter-
native means of user interaction for quick and easy handling of the instrument.
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Figure 4-2: Touchscreen elements

1 = Toolbar with standard application functions, e.g. print, save/open file etc.

2 = Tabs for individual measurement channels

3 = Channel bar for firmware and measurement settings

4 = Measurement results area

5 = Softkeys for function access

6 = Instrument status bar with error messages, progress bar and date/time display
7 = Diagram footer with diagram-specific information, depending on application

8 = Window title bar with diagram-specific (trace) information

Any user interface elements that react to a click by a mouse pointer also react to a tap
on the screen, and vice versa. Using touchscreen gestures, you can perform the fol-
lowing tasks (among others, see also Chapter 4.4, "Trying out the instrument”,

on page 60):

® (Changing a setting

® Changing the display

® Moving a marker

® Zooming into a diagram

® Selecting a new evaluation method

e Scrolling through a result list or table

® Saving or printing results and settings
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To imitate a right-click by mouse using the touchscreen, for example to open a context-
sensitive menu for a specific item, press the screen for about 1 second.

For details on touchscreen gestures, see Chapter 4.5.5, "Touchscreen gestures”,
on page 97.

4.3.1.3 Function keys
Function keys provide access to the most common measurement settings and func-
tions.

A detailed description of the corresponding functions is provided in the User Manual.

Table 4-2: Function keys

Function key Assigned functions

Basic measurement settings

[FREQ] Sets the center frequency and the start and stop frequencies for the fre-
quency range under consideration. This key is also used to set the fre-
quency offset and the signal track function.

[SPAN] Sets the frequency span to be analyzed.

[AMPT] Sets the reference level, the displayed dynamic range, the RF attenua-
tion and the unit for the level display.

Sets the level offset and the input impedance.
Activates the preamplifier (option RF Preamplifier, R&S FSW-B24).

[AUTO SET] Enables automatic settings for level, frequency or sweep type mode.
[BW] Sets the resolution bandwidth and the video bandwidth.
[SWEEP] Sets the sweep time and the number of measurement points.

Selects continuous measurement or single measurement.

[TRACE] Configures the measured data acquisition and the analysis of the mea-
surement data.

[TRIG] Sets the trigger mode, the trigger threshold, the trigger delay, and the
gate configuration in the case of gated sweep.

Marker functions

[MKR] Sets and positions the absolute and relative measurement markers
(markers and delta markers).

[PEAK SEARCH] Performs a peak search for active marker. If no marker is active, normal
marker 1 is activated and the peak search is performed for it.

[MKR FUNC] Provides additional analysis functions of the measurement markers:
Frequency counter (Sig Count)

Fixed reference point for relative measurement markers (Ref Fixed)
Noise marker (Noise Meas)

Phase noise (Phase Noise)

n dB down function

AM/FM audio demodulation

Peak list
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Function key

Assigned functions

[MKR->]

Used for search functions of the measurement markers (maximum/mini-
mum of the trace).

Assigns the marker frequency to the center frequency, and the marker
level to the reference level.

Restricts the search area (Search Limits) and characterizes the maxi-
mum points and minimum points (Peak Excursion).

Measurement and evaluation functions

[MEAS]

Provides the measurement functions.

Measurement of multicarrier adjacent channel power (Ch Power ACLR)
Carrier to noise spacing (C/N C/N)

Occupied bandwidth (OBW)

Spectrum emission mask measurement (Spectrum Emission Mask)
Spurious emissions (Spurious Emissions)

Measurement of time domain power (Time Domain Power)

Signal statistics: amplitude probability distribution (APD) and cumulative
complementary distribution function (CCDF)

Third-order intercept point (TOI)
AM modulation depth (AM Mod Depth)

[MEAS CONFIG]

Used to define measurement configuration.

[LINES]

Configures display lines and limit lines.

[INPUT/OUTPUT]

Displays softkeys for input/output functions.

Measurement start functions

[RUN SINGLE]

Starts a single new measurement (Single Sweep Mode).

[RUN CONT]

Starts a continuous measurement (Continuous Sweep Mode).

Function execution (in navigation controls area)

[UNDO]

Reverts last operation

[REDO]

Repeats previously reverted operation.

4.3.1.4 Navigation controls

Q

The navigation controls include a rotary knob, navigation keys, and Undo / Redo keys.
They allow you to navigate within the display or within dialog boxes.

Navigating in tables

The easiest way to navigate within tables (both in result tables and configuration
tables) is to scroll through the entries with your finger on the touchscreen.

Rotary knob

The rotary knob has several functions:
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® For numeric entries: increments (clockwise direction) or decrements (counter-
clockwise direction) the instrument parameter at a defined step width

® |n lists: toggles between entries

® For markers, limit lines, and other graphical elements on the screen: moves their
position

® For active scroll bars: moves the scroll bar vertically

® Fordialog boxes: Same effect as the Enter key when pressed

Navigation keys

The navigation keys can be used alternatively to the rotary knob to navigate through
dialog boxes, diagrams or tables.

Arrow Up/Arrow Down Keys

The <arrow up> or <arrow down> keys do the following:

® For numeric entries: increments (Arrow Up) or decrements (Arrow Down) the
instrument parameter at a defined step width

® |n alist: scrolls forward and backward through the list entries
® |n atable: moves the selection bar vertically
® |n windows or dialog boxes with a vertical scroll bar: moves the scroll bar

Arrow Left/Arrow Right Keys

The <arrow left> or <arrow right> keys do the following:
® In an alphanumeric edit dialog box, move the cursor.
® |n alist, scroll forward and backward through the list entries.

In a table, move the selection bar horizontally.
® |n windows or dialog boxes with horizontal scroll bar, move the scroll bar.

Undo/redo keys

® The [Undo] key reverts the previous action, i.e. the status before the previous
action is retrieved.
The Undo function is useful, for example, if you are performing a zero span mea-
surement with several markers and a limit line defined and accidentally select a dif-
ferent measurement. In this case, many settings would be lost. However, if you
press [Undo] immediately afterwards, the previous status is retrieved, i.e. the zero
span measurement and all settings.

® The [Redo] key repeats the previously reverted action, i.e. the most recent action is
repeated.

The [Undo] function is not available after a [Preset] or "Recall" operation. When these
functions are used, the history of previous actions is deleted.
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4.3.1.5 Keypad

The keypad is used to enter alphanumeric parameters, including the corresponding
units (see also Chapter 4.5.4.2, "Entering alphanumeric parameters”, on page 95). It
contains the following keys:

Table 4-3: Keys on the keypad

Type of key Description

Alphanumeric keys Enter numbers and (special) characters in edit dialog boxes.

Decimal point Inserts a decimal point "." at the cursor position.

Sign key Changes the sign of a numeric parameter. For an alphanumeric parame-

ter, inserts a "-" at the cursor position.

Unit keys (GHz/-dBm MHz/ Adds the selected unit to the entered numeric value and complete the
dBm, kHz/dB and Hz/dB) entry.

For level entries (e.g. in dB) or dimensionless values, all units have the
value "1" as multiplying factor. Thus, they have the same function as an
Enter key.

[Esc] key Closes all kinds of dialog boxes, if the edit Mode is not active. Quits the
edit mode, if the edit mode is active. In dialog boxes that contain a "Can-
cel" button it activates that button.

For "Edit" dialog boxes the following mechanism is used:

® |f data entry has been started, it retains the original value and
closes the dialog box.

® |f data entry has not been started or has been completed, it closes
the dialog box.

Backspace key If an alphanumeric entry has already been started, this key deletes the
character to the left of the cursor.

Enter key ®  Concludes the entry of dimensionless entries. The new value is
accepted.
®  With other entries, this key can be used instead of the "Hz/dB" unit
key.

® |n adialog box, selects the default or focused element.

4.3.1.6 TRIGGER INPUT/ OUTPUT

Use the female TRIGGER INPUT connector to input an external trigger or gate data.
Thus, you can control the measurement using an external signal. The voltage levels
can range from 0.5 V to 3.5 V. The default value is 1.4 V. The typical input impedance
is 10 kQ.

Use the female BNC TRIGGER INPUT / OUTPUT connector to receive a second
external signal or to provide a signal to another device. The signal is TTL compatible
(0 V /5 V). You control the connector usage in the "Trigger" settings ([TRIG] key).

The trigger output also controls signals by the frequency mask trigger available in
Real-Time mode.
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The rear panel provides a third TRIGGER INPUT / OUTPUT connector, see Chap-
ter 4.3.2.12, "TRIGGER 3 INPUT/ OUTPUT", on page 56. (Not models
1312.8000Kxx)

For R&S FSW85 models, the second trigger (female BNC TRIGGER INPUT / OUT-
PUT connector) on the front panel is not available due to the second RF input connec-
tor (see Chapter 4.3.1.7, "RF input 50 ohm", on page 47).

4.3.1.7 RF input 50 ohm

Provides RF input from a connected device under test (DUT) to the R&S FSW, which is
then analyzed in an RF measurement. Connect the DUT to the "RF Input" connector
on the R&S FSW. Do not overload the input. For maximum allowed values, see the
data sheet.

The specific connector type depends on the instrument model:

® R&S FSW26: APC 3.5 mm male (compatible with R&S SMA)
® R&S FSW43: 2.92 mm male (compatible with R&S SMA)

® R&S FSW50/67: 1.85 mm male (compatible with 2.4 mm)

® R&S FSW85:

— Input 1: 1.00 mm RF input connector for frequencies up to 85 GHz (90 GHz
with option R&S FSW-B90G)

— Input 2: 1.85 mm RF input connector for frequencies up to 67 GHz

For models 1312.8000Kxx:
1.00 mm RF input connector for frequencies up to 85 GHz (90 GHz with option
R&S FSW-B90G)

Risk of instrument damage

Do not fasten the 1.00 mm RF Input connector with a torque larger than 0.23 Nm.
Rohde & Schwarz offers an appropriate torque wrench (R&S®ZN-ZTW Torque
0.23 Nm; delivered with the instrument).

The RF input can be coupled to the DUT by alternating current (AC) or direct current
(DC). AC coupling blocks any DC voltage from the input signal. This is the default set-
ting to prevent damage to the instrument. However, some specifications require DC
coupling. In this case, you must protect the instrument from damaging DC input vol-
tages manually. For details, refer to the data sheet. For details on coupling, see the
chapter on radio frequency input in the R&S FSW user manual.

See also Chapter 4.2.14, "Considerations for test setup”, on page 37.

For R&S FSW85 models, which have two input connectors, you must define which
input source is used for each measurement channel.

(See Chapter 7.2.2.1, "Radio frequency input", on page 368).
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4.3.1.8 EXT MIXER connector (optional)

Connect external mixers to the EXT MIXER LO OUT/IF IN and IF IN female connectors
to increase the available frequency range. These connectors are optional and only
available with R&S FSW-B21.

If no external mixers are connected to the R&S FSW, cover the two front connectors
LO OUT /IF IN and IF IN with the supplied SMA caps.

4.3.1.9 (Analog) baseband input 50 ohm connectors (optional)

The "Analog Baseband" interface option provides four "Baseband input" BNC connec-
tors on the front panel of the R&S FSW for analog | and Q signals (R&S FSW85: two

connectors).
BASEBAND
INPUT 50 52
I 0
. Max |
Y

The upper BNC connectors BASEBAND INPUT | and BASEBAND INPUT Q are used
to input:

® Single-ended signals
® The positive signal input for differential signals
® Input from active Rohde & Schwarz probes (see data sheet)

The lower BNC connectors Tand Q are used to input the negative signal for differential
signals.

@ R&S FSW85
The R&S FSW85 provides only two connectors; differential input is not supported.

@ Complex signal input (1+jQ)
For complex signal input (1+jQ), always use two identical cables for the | and Q con-
nectors (same length, same type, same manufacturer). Otherwise, time delay or gain
imbalance can occur between the different cables, which cannot be calibrated.

All connectors have a fixed impedance of 50 Q. Do not overload the input. For maxi-
mum allowed values, see the data sheet.
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Since the Digital 1/Q input and the Analog Baseband input use the same digital signal
path, both cannot be used simultaneously. When one is activated, established connec-
tions for the other are disconnected. When the second input is deactivated, connec-
tions to the first are re-established. This can cause a short delay in data transfer after
switching the input source.

Input via the "Analog Baseband" interface can be enabled in the I/Q Analyzer, the Ana-
log Demodulation application, or in one of the optional applications that process 1/Q
data (where available).

4.3.1.10 Noise source control

The noise source control female connector is used to provide the supply voltage for an
external noise source. For example, use it to measure the noise figure and gain of
amplifiers and frequency converting devices.

Conventional noise sources require a voltage of +28 V to be switched on and 0 V to be
switched off. The output supports a maximum load of 100 mA.

o For smart noise sources, use the Lemosa Power sensor connector.

For details on noise source control, see "Noise Source Control" on page 463.

4.3.1.11 Probe

The R&S FSW provides a connector for supply voltages of +15 V to -12 V and ground
for active probes and preamplifiers. A maximum current of 140 mA is available. This
connector is suitable as a power supply for high-impedance probes.

For details on configuring and using power sensors, see Chapter 7.2.3, "Power sen-
sors", on page 374.

4.3.1.12 Power sensor

The Lemosa female connector is used to connect Rohde & Schwarz power sensors,
but also smart noise sources. For a detailed list of supported sensors and smart noise
sources, see the data sheet.

For details on configuring and using power sensors, see Chapter 7.2.3, "Power sen-
sors", on page 374. For details on noise source control, see "Noise Source Control"
on page 463.

A smart noise source (SNS) provides its own ENR and uncertainty tables and a tem-
perature value from an internal measurement. Thus, accuracy is improved and less
configuration efforts are required compared to common noise sources.

Connect the smart noise source to the Lemosa Power Sensor connector on the
R&S FSW. Then connect the SNS output to the DUT or the RF Input connector on the
R&S FSW.
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When you connect a smart noise source, the R&S FSW automatically loads its ENR
table and stores it for future measurements. The ENR table remains stored on the
instrument even after the noise source is disconnected. If the table already exists on
the R&S FSW, the contents are updated, if necessary. The identification and setup pro-
cedure after connecting the R&S FS-SNS can take up to 10 seconds.

For details on Rohde & Schwarz smart noise sources, see the product documentation.

43.1.13 USB

The front panel provides three female USB connectors (USB-A) to connect devices like
a keyboard or a mouse. In addition, a memory stick can be connected to store and
reload instrument settings and measurement data.

See Chapter 4.3.2.3, "USB", on page 53.
All USB connectors support standard 2.0.

@ The rear panel provides further USB connectors, including a male (USB-B) connector.

4.3.1.14 Phones and volume
You can use headphones to monitor demodulated audio frequencies in time domain
measurements acoustically.

Connect headphones equipped with a miniature jack plug to the PHONES female con-
nector. Set the output voltage using the "Volume" control to the right of the female con-
nector. The maximum output voltage (volume) is 1 V. If a headphone is plugged into
the instrument, the internal loudspeaker is automatically switched off.

The output provided to the PHONES connector is the same as the (video) output at the
IF/VIDEO/DEMOD OUTPUT connector.

See also "Using headphones" on page 19.

4.31.15 SYSTEM keys
[SYSTEM] keys set the instrument to a predefined state, change basic settings, and
provide print and display functions.

A detailed description of the corresponding functions is provided in the User Manual.

Table 4-4: SYSTEM keys

SYSTEM key Assigned functions
[PRESET] Resets the instrument to the default state.
[MODE] Provides the selection between applications
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SYSTEM key

Assigned functions

[SETUP]

Provides basic instrument configuration functions, e.g.:

Reference frequency (external/internal), noise source

Date, time, display configuration

LAN interface

Self-alignment

Firmware update and enabling of options

Information about instrument configuration incl. firmware version and
system error messages

®  Service support functions (self-test etc.)

Switches between the on-screen keyboard display:
® At the top of the screen

® At the bottom of the screen

e Off

Switches between maximized and split display of focus area.

Moves focus area from one active window to the next.

4.3.2 Rear panel view

This figure shows the rear panel view of the R&S FSW. The individual elements are
described in more detail in the subsequent sections.

SYSTTM DRVE
NIOVE DURIGE DPERATION

Figure 4-3: Rear panel view

1 = see Figure 4-4
2 = see Figure 4-5
3 = see Figure 4-6
4 = see Figure 4-7

5 = IF OUT 2 GHz connector

6 = Device ID with serial number and other labels
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Figure 4-4: Rear panel view - extract 1

1 = Removable system hard drive

2 = AC Power Supply Connection and Main Power Switch
3 = USB (DEVICE) connectors

4 = LAN connector

5 = DVI connector for external display
6 = DISPLAY PORT for external display

(o0 TR oo a— @~
T - < <

BUTAUT i A AR mrT ormn

Figure 4-5: Rear panel view - extract 2

1 = Bandwidth extension options, with "IF WIDE OUTPUT" connector (option -B160/-B320-B512) and Digital
1/Q 40G Streaming Output QSFP+ connector (option B517/B1017)

2 = GPIB interface

3 = AUX PORT

4 = SYNC TRIGGER OUTPUT/INPUT

5 = DIGITAL BASEBAND INPUT/OUTPUT connectors (option B17)

6 = TRIGGER 3 INPUT/OUTPUT connector

7 = IF/VIDEO/DEMOD connector

0

FEW - B71 AU, CONTROL EXT. GEM. CONTROL GFIE

Figure 4-6: Rear panel view - extract 3
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1 = Analog baseband interface (option B71)
2 = External generator control (option B10)
3 = Alignment Signal Source (option B2000)

Figure 4-7: Rear panel view - extract 4

1 = OCXO external reference (option B4)
2 = REF INPUT/OUTPUT connectors

Removable system hard drive

The removable system hard drive contains all measurement data from the R&S FSW,
allowing you to store the data securely in an external location.

AC power supply connection and main power switch

An AC power supply connector and main power switch are located in a unit on the rear
panel of the instrument.

Main power switch function:

Position 1: The instrument can be started via the Power key on the front panel.

The (optional) OCXO reference frequency is warmed up.

Position O: The entire instrument is disconnected from the AC power supply.

For details, refer to "Connecting to power" on page 18 and Chapter 4.2.5, "Connecting
the AC power", on page 29.

usB

The rear panel provides four additional female USB (USB-A) connectors to connect
devices like a keyboard, a mouse or a memory stick (see also Chapter 4.3.1.13,
"USB", on page 50).

Furthermore, a male USB DEVICE connector (USB-B) is provided, for example to con-
nect the R&S FSW to a PC for remote control.

All USB connectors support standard 2.0.
LAN

The R&S FSW is equipped with a 1 GBit Ethernet IEEE 802.3u network interface with
Auto-MDI(X) functionality. The assignment of the RJ-45 connector supports twisted-
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pair category 5 UTP/STP cables in a star configuration (UTP stands for unshielded
twisted pair, and STP for shielded twisted pair).

For details, see Chapter 12, "Network operation and remote control", on page 808.

4.3.2.5 Display port and DVI

You can connect an external monitor or other display device to the R&S FSW to pro-
vide an enlarged display. Two different types of connectors are provided for this pur-
pose:

® Display Port

® DVI (digital visual interface)

For details, see Chapter 4.2.9, "Connecting an external monitor", on page 32.

4.3.2.6 Bandwidth extension options with IF WIDE OUTPUT connector

You can extend the signal analysis bandwidth of the R&S FSW by a hardware option
(R&S FSW-B160/-B320/-B512/-B1200/-B2001/-B4001/-B8001 or R&S FSW-Uxxx).
The bandwidth extension allows for an output sample rate of up to 10 GHz and a linear
bandwidth up to:

® 160 MHz (with option B160/U160)

® 320 MHz (with option B320/U320)

® 512 MHz (with option B512/U512)

® 1200 MHz (with option B1200/U1200)

® 2001 MHz (with option B2001/U2001)

® 4001 MHz (with option B4001/U4001)

® 6001 MHz (with option B6001/U6001)

® 8001 MHz (with option B8001/U8001)

While the extension can be activated or deactivated manually in the R&S FSW base

unit (I/Q Analyzer application), it is activated automatically in some applications that
also support 1/Q data analysis. See the application-specific documentation for details.

Together with the bandwidth extension an additional IF output connector is provided
("IF WIDE OUTPUT"). As opposed to the default IF/VIDEO/DEMOD OUTPUT connec-
tor, the IF output frequency of the optional connector cannot be defined manually, but
is determined automatically depending on the center frequency. For details on the used
frequencies, see the data sheet. The IF WIDE OUTPUT connector is used automati-
cally when the bandwidth extension is activated (i.e. for bandwidths > 80 MHz).

4.3.2.7 Digital I/Q 40G streaming output connector (R&S FSW-B517/-B1017)

The Digital 1/Q 40G Streaming Output (QSFP+) connector is provided by the hardware
of any bandwidth extension option for 512 MHz or more.
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100... 240V
50 ... 60 Hz / 400 Hz

{,’ DISPLAY

PORT

If necessary, remove the metal cover from the connector on the rear panel of the
R&S FSW.

The output connector provides I/Q data streams with a sample rate of up to 600 MHz, if
the R&S FSW-B517 option is installed and active. With R&S FSW-B1017 installed, out-
put rates up to 1200 MHz are available.

Output is activated in the software ([INPUT/OUTPUT] key).
See the R&S FSW I/Q Analyzer and 1/Q Input User Manual for details.

4.3.2.8 GPIB interface
The GPIB interface is in compliance with IEEE488 and SCPI. A computer for remote

control can be connected via this interface. To set up the connection, a shielded cable
is recommended.

For more details, refer to Chapter 12, "Network operation and remote control",
on page 808.

4.3.2.9 Aux. port

A 9-pole SUB-D male connector used to provide low-voltage TTL control signals (max.
5 V). The output signals can be used to control external devices.
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4.3.210 SYNC TRIGGER OUTPUT/INPUT

Use the SYNC TRIGGER OUTPUT/INPUT connectors to synchronize several devices
(e.g. two R&S FSWs) to a common trigger signal or reference frequency. The

R&S FSW can output a 100 MHz signal as a trigger or reference signal to another
device. The R&S FSW can also receive an external trigger or reference signal at the
input connector.

4.3.2.11 DIGITAL BASEBAND INPUT / OUTPUT (R&S FSW-B17)

The optional DIGITAL BASEBAND connectors allow you to provide digital 1/Q data for
measurements with the R&S FSW. Using the output connector you can provide RF
input from the R&S FSW to a connected device as digital I/Q data. The digital input
and output connectors cannot be used simultaneously.

It is recommended that you use the R&S®SMU-Z6 (1415.0201.02) cable to connect
other devices to the Digital Baseband Interface of the R&S FSW.

o For high output rates, use the Digital I/Q 40G Streaming Output option (R&S FSW-
= B517), see Chapter 4.3.2.7, "Digital 1/Q 40G streaming output connector (R&S FSW-
B517/-B1017)", on page 54.

4.3.212 TRIGGER 3 INPUT/ OUTPUT

The additional female BNC "TRIGGER INPUT / OUTPUT" connector can be used to
receive a third external signal or to provide a signal to another device. The signal is
TTL compatible (0 V /5 V). You can control the connector usage in the "Trigger" set-
tings ([TRIG] key).

4.3.213 IF/VIDEO/DEMOD OUTPUT

The female BNC connector can be used for various outputs:

® Intermediate frequency (IF) output of approximately 20 MHz
® Video output (1V)

Which output is provided is defined in the software ([INPUT/OUTPUT] key).
For details, see "Data Output" on page 462.

4.3.2.14 (Analog) baseband input 50 ohm connectors (optional)
The "Analog Baseband" interface option provides four "Baseband input" BNC connec-

tors on the front panel of the R&S FSW for analog | and Q signals (R&S FSW85: two
connectors).
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The upper BNC connectors BASEBAND INPUT | and BASEBAND INPUT Q are used
to input:

® Single-ended signals

® The positive signal input for differential signals

® Input from active Rohde & Schwarz probes (see data sheet)

The lower BNC connectors Tand Q are used to input the negative signal for differential
signals.

@ R&S FSW85
The R&S FSW85 provides only two connectors; differential input is not supported.

@ Complex signal input (I1+jQ)
For complex signal input (I+jQ), always use two identical cables for the | and Q con-
nectors (same length, same type, same manufacturer). Otherwise, time delay or gain
imbalance can occur between the different cables, which cannot be calibrated.

All connectors have a fixed impedance of 50 Q. Do not overload the input. For maxi-
mum allowed values, see the data sheet.

Since the Digital I/Q input and the Analog Baseband input use the same digital signal
path, both cannot be used simultaneously. When one is activated, established connec-
tions for the other are disconnected. When the second input is deactivated, connec-
tions to the first are re-established. This can cause a short delay in data transfer after
switching the input source.

Input via the "Analog Baseband" interface can be enabled in the I/Q Analyzer, the Ana-
log Demodulation application, or in one of the optional applications that process 1/Q
data (where available).

4.3.2.15 External generator control option (R&S FSW-B10)

The external generator control option provides an additional GPIB and an "AUX con-
trol" connector.
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FSW - B10

AUX. CONTROL EXT. GEN. CONTROL GPIB

The GPIB connector can be used to connect the external generator to the R&S FSW.

The 9-pole SUB-D female "AUX control" connector is required for TTL synchronization,
if supported by the generator.

For details on connecting an external generator, see "External generator connections"
on page 384.

4.3.2.16 Alignment signal source (option R&S FSW-B2000)
The alignment signal source is required to align the connected oscilloscope and the
oscilloscope ADC for the optional 2 GHz bandwidth extension (R&S FSW-B2000).
For details, see the R&S FSW 1/Q Analyzer and 1/Q Input User Manual.

4.3.217 REF INPUT/REF OUTPUT
The REF INPUT connectors are used to provide an external reference signal to the
R&S FSW.

The REF OUTPUT connectors can be used to provide an external reference signal (or
the optional OCXO reference signal) from the R&S FSW to other devices that are con-
nected to this instrument.

Various connectors are provided for different reference signals:

Connector Reference signal Usage
REF INPUT 1...50 MHz To provide an external reference signal on the R&S FSW.
0...10 dBm
REF OUTPUT 1...50 MHz To provide the same external reference signal received by
the REF INPUT 1...50 MHz connector to another device,
0...10 dBm .
when available.
REF OUTPUT 10 MHz To provide the internal reference signal from the R&S FSW
10 dBm to another device continuously.
Also used to provide OCXO reference signal to another
device.
REF INPUT 100 MHz / 1 GHz To provide an external reference signal on the R&S FSW.

0...10 dBm
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Connector Reference signal Usage

REF OUTPUT 100 MHz To provide a 100 MHz reference signal from the R&S FSW
6 dBm to another device.

REF OUTPUT 640 MHz To provide a 640 MHz reference signal from the R&S FSW
16 dBm to another device.

@ SYNC TRIGGER
The SYNC TRIGGER connector can also be used to synchronize the reference fre-
quency on several devices (see Chapter 4.3.2.10, "SYNC TRIGGER OUTPUT/
INPUT", on page 56).

4.3.218 OCXO option (R&S FSW-B4)

This option generates a 10 MHz reference signal with a very precise frequency. If
installed, and if no external signal is used, this signal is used as an internal reference.
It can also be used to synchronize other connected devices via the REF OUTPUT 10
MHz connector.

@ Warm-up time for OCXO
When the instrument is switched on, the OCXO requires an extended warm-up time
(see data sheet).

4.3.2.19 IF OUT 2 GHz / 5 GHz connector

The female SMA connector is only available for instrument models
R&S FSW26/43/50/67/85. It can be used to provide intermediate frequency (IF) output
of approximately 2 GHz at a frequency of 2 GHz.

Output is activated in the software ([INPUT/OUTPUT] key).
For details, see the R&S FSW 1/Q Analyzer and 1/Q Input User Manual.

4.3.2.20 Labels on R&S FSW

Labels on the casing inform about:

® Personal safety, see "Meaning of safety labels" on page 19

® Product and environment safety, see Table 4-5

® |dentification of the product, see Chapter 4.3.2.21, "Device ID", on page 60

Table 4-5: Labels regarding R&S FSW and environment safety

Labeling in line with EN 50419 for disposal of electrical and electronic equipment after the prod-
uct has come to the end of its service life.

— For more information, see "Disposing electrical and electronic equipment" on page 1542.
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4.3.2.21 DeviceID

The unique device identifier is provided as a barcode sticker on the rear panel of the
R&S FSW.

It consists of the device order number and a serial number.

&> 1D: 1419.0035K02 -[102030]- Zd | seriat number

O The serial number is used to define the default instrument name, which is:
S <Type><variant>-<serial_number>

For example, FSW8-123456.

The instrument name is required to establish a connection to the instrument in a LAN.

4.4 Trying out the instrument

This chapter introduces the most important functions and settings of the R&S FSW
step by step. The complete description of the functionality and its usage is given in the
R&S FSW User Manual. Basic instrument operation is described in Chapter 4.5, "Oper-
ating the instrument”, on page 78.

Prerequisites

® The instrument is set up, connected to the mains system, and started up as descri-
bed in Chapter 4.2, "Preparing for use", on page 26.

For these first measurements, you use the internal calibration signal, so you do not
need any additional signal source or instruments. Try out the following:

e Measuring a basiC SigNal..........cooeiiiii e ————— 61
e Displaying @ SPeCtrOgram.........ccccieiiiiiieeieeeie s e e e e e e e e e e e e e e e e e e e e e ————— 62
e Activating additional measurement channels...............cccorrririiiccccccccee e, 64
e Performing sequential measurements. ... 67
e Setting and moviNg @ Marker........cooii i 68
e Displaying a marker peak liSt........ccouuiiiiiiiiiiiie e 69
o  Z00oming iNtO the diSPIay.......c.uuueiiiiiiieiie e 70
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®  SaAVING SEHINGS. oo ———————————— 76
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441 Measuring a basic signal

We will start out by measuring a basic signal, using the internal calibration signal as
the input.

To display the internal 64 MHz calibration signal

1. Press the [PRESET] key to start out in a defined instrument configuration.
2. Press the [Setup] key on the front panel.

3. Tap the "Service + Support" softkey.

4. Tap the "Calibration Signal" tab.
5

Tap the "Calibration Frequency RF" option. Leave the frequency at the default
64 MHz, with a narrowband spectrum.

The calibration signal is now sent to the RF input of the R&S FSW. By default, a
continuous frequency sweep is performed, so that the spectrum of the calibration
signal is now displayed in the standard level versus frequency diagram.

Multiview =2 Spectrum

RBW
10dE SWT 8ms VBW
1 Frequency Sweep

1001 pts 800.0 MHz/ Span 8.0 GHz

Figure 4-8: Calibration signal as RF input

@ Instrument warmup time
Note that the instrument requires an initial warmup time after switching it on. A mes-
sage in the status bar ("Instrument warming up...") indicates that the operating temper-
ature has not yet been reached. Wait until this message is no longer displayed before
you start a measurement to obtain accurate results.
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To optimize the display

To optimize the display for the calibration signal, we will adjust the main measurement
settings.

1. Set the center frequency to the calibration frequency:

a) Tap the "Overview" softkey to display the configuration "Overview".
b) Tap the "Frequency" button.

c) Inthe "Center" field, enter 64 on the number pad on the front panel.
d) Press the "MHZz" key next to the number pad.

2. Reduce the span to 20 MHz:
a) Inthe "Span" field of the "Frequency" dialog box, enter 20 MHz.
b) Close the "Frequency" dialog box.

3. Set the reference level to -25 dBm:
a) In the configuration "Overview", tap the "Amplitude" button.

b) In the "Value" field of the "Amplitude" dialog box, enter -25 dBm.

The display of the calibration signal is now improved. The maximum at the center
frequency (=calibration frequency) of 64 MHz becomes visible.

MultiView =2 Spectrum

Ref Level -25 dBm RBW 200 kHz
Att 0dB SWT 1.01 ms VBW 200kHz Mode Aut
1 Frequency Sweep
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Figure 4-9: Calibration signal with optimized display settings
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4.4.2 Displaying a spectrogram

In addition to the standard "level versus frequency" spectrum display, the R&S FSW
also provides a spectrogram display of the measured data. A spectrogram shows how
the spectral density of a signal varies over time. The x-axis shows the frequency, the y-
axis shows the time. A third dimension, the power level, is indicated by different colors.
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Thus you can see how the strength of the signal varies over time for different frequen-
cies.

1. Tap the "Overview" softkey to display the general configuration dialog box.

2. Tap the "Display Config" button.

The SmartGrid mode is activated, and the evaluation bar with the available evalua-
tion methods is displayed.

Spectrogram

Drag the "Spectrogram" icon from the evaluation bar to the diagram area. The blue
area indicates that the new diagram would replace the previous spectrum display.
Since we do not want to replace the spectrum, drag the icon to the lower half of the
display to add an additional window instead.

MultiView =2

Ref Level - RBW
Att 0d SWT 1.0l ms VBW
1 Srequency Sweep

W

Diagram

Marker Table

Marker Peak List

]
Spectrggram

Figure 4-10: Adding a Spectrogram to the display

Drop the icon.

4. Close the SmartGrid mode by tapping the "Close" icon at the top right corner of the
toolbar.

You see the spectrogram compared to the standard spectrum display. Since the
calibration signal does not change over time, the color of the frequency levels does
not change over time, i.e. vertically. The legend at the top of the spectrogram win-
dow describes the power levels the colors represent.
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Multiview =2 Spectrum

Ref Level
Att dB  SWT 1.01 ms
1 Frequency Sweep

CF 64.0 MHz Span 20.0 MHz

2 Spectrogram e 1Pk Clrw 60dBm Bm T

CF 64.0 MHz 1001 pts Span 20.0 MHz Frame # 0

Figure 4-11: Spectrogram of the calibration signal

4.4.3 Activating additional measurement channels

The R&S FSW features multiple measurement channels, i.e. you can define several
measurement configurations in parallel and then switch between the channels auto-
matically to perform the measurements sequentially. We will demonstrate this feature
by activating additional measurement channels for a different frequency range, a zero
span measurement, and an 1/Q analysis.

To activate additional measurement channels
1. Press the [Mode] key on the front panel.

2. On the "New Channel" tab of the "Signal + Spectrum Mode" dialog box, tap the
"Spectrum" button.
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Figure 4-12: Adding a new measurement channel

3. Change the frequency range for this spectrum display:
In the "Frequency" dialog box, set the center frequency to 500 MHz and the span
to 1 GHz.

MultiView &8 Spectrum X  Spectrum 2
Ref Level -25.0 m

Att 0dB SWT 1.01ms

1 Frequency Sweep

CF 500.0 MHz 1001 pts 100.0 MHz / Span 1.0 GHz

Figure 4-13: Frequency spectrum of the calibration signal with a larger span

4. Repeat the previous steps to activate a third Spectrum window.
Change the frequency range for this spectrum display:
In the "Frequency" dialog box, set the center frequency to 64 MHz and tap "Zero
Span".
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As the calibration signal does not vary over time, the level versus time diagram dis-
plays a straight line.

MultiView =2 Spectrum % X Spectrum 2 # X = Spectrum 3
Ref Level -2! ® RBW Hz

Att ® SWT 1.01 ms VBW

1 Zero Span

CF 64.0 MHz 1001 pts 101.0 ps/

Figure 4-14: Time domain display of the calibration signal

5. Create a new channel for I/Q analysis:

a) Press the [Mode] key.

b) Tap the "IQ Analyzer" button to activate a channel for the 1/Q Analyzer applica-
tion.

c) Tap the "Display Config" softkey to activate the SmartGrid mode.

d) Drag the "Real/lmag (I/Q)" icon from the evaluation bar to the SmartGrid.

Multiview =8 Spectrum # X Spectrum 2 # X Spectrum3 1Q Analyzer

Ref Level -25.00 « Meas Time 3
3 Freq 64.0 MHz Rec Length

1 Real/Imag (I/Q) Imag

CF 64.0 MHz 1001 pts 3.13 ps/

Figure 4-15: Inserting a Real/lmag diagram for I/Q analysis
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e) Close the SmartGrid mode.

The "IQ Analyzer" channel displays the real and imaginary signal parts in separate
windows.

To display the MultiView tab

An overview of all active channels is provided in the "MultiView" tab. This tab is always
displayed and cannot be closed.

» Tap the "MultiView" tab.

Multiview =8 Spectrum # X  Spectrum 2 Spectrum 3 X IQ Analyzer

RefLevel Ref Level
Att tt

Spectrum Spectrum 2

1 Frequency Sweep eiPk Cirw | 1 Frequency Sweep
It

2.0 MHz/
B ___G0dBm I

1001 pts ~100.0 MHz/ Span 1.0 GHz
Meas Time SRate

Re
Spectrum 3 B Freg 64.0MHz Rec Length

1 Zero Span

1 Real/Imag (I/Q) Imag

1001 pts 101.0 ps/ | |CF 64.0 MHz 1001 pts

Figure 4-16: The "MultiView" tab

444 Performing sequential measurements

Although only one measurement can be performed at any one time, the measurements
configured in the active channels can be performed sequentially, that means: one after
the other, automatically, either once or continuously.

2 1. Tap the "Sequencer"” icon in the toolbar.
SV

2. Toggle the "Sequencer"” softkey in the "Sequencer” menu to "On".

A continuous sequence is started, i.e. each channel measurement is performed
one after the other until the Sequencer is stopped.
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Figure 4-17: "MultiView" tab with active Sequencer

3

In Figure 4-17, the "Spectrum 2" measurement is currently active (indicated by the
"channel active" icon in the tab label).

3. Stop the Sequencer by tapping the "Sequencer" softkey again.

445 Setting and moving a marker

Markers are useful to determine the position of particular effects in the trace. The most
common use is to determine a peak, which is the default setting when you activate a
marker. We will set a marker on the peak in our first Spectrum measurement.

1. In the "MultiView" tab, double-tap the "Spectrum" window (frequency sweep with
spectrogram display) to return to the "Spectrum” channel.
2. Tap the spectrum display to set the focus on that window.

Press the "Split/Maximize" key on the front panel to maximize the spectrum win-
dow, as we currently do not need the spectrogram display.

4. Press the "RUN SINGLE" key on the front panel to perform a single sweep so we
have a fixed trace to set a marker on.

5. Press the [MKR] key on the front panel to display the "Marker" menu.

Marker 1 is activated and automatically set to the maximum of trace 1. The marker
position and value is indicated in the diagram area as M1[1].
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Marker 1 Frame Number

Multiview =3 Spectrum: X Spectrum 2
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6. Now you can move the marker by tapping and dragging it to a different position.
The current position is indicated by a dotted blue line. Notice how the position and
value change in the marker area of the diagram.
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4.4.6 Displaying a marker peak list

The marker peak list determines the frequencies and levels of peaks in the spectrum
automatically. We will display a marker peak list for the Spectrum 2 channel.

1. Tap the "Spectrum 2" tab.
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2. Press the "RUN SINGLE" key on the front panel to perform a single sweep for
which we will determine the peaks.

E 3. Tap the "SmartGrid" icon in the toolbar to activate SmartGrid mode.

4. Drag the "Marker Peak List" icon from the evaluation bar to the lower half of the
display to add a new window for the peak list.

5. Close the SmartGrid mode.

6. To obtain a more conclusive peak list that does not contain noise peaks, for exam-
ple, define a threshold that is higher than the noise floor:

a) Press the [MKR] key on the front panel.
b) Tap the "Marker Config" softkey in the "Marker" menu.
c) Tap the "Search" tab in the "Marker" dialog box.
d) Inthe "Threshold" field, enter -68 dBm.
e) Tap the "State" box for "Threshold" to activate its use.
Only peaks that are larger than -68 dBm will be included in the peak list.

The marker peak list displays the determined peaks that are above the defined
threshold.

Multiview EE Spectrum X  Spectrum 2 X Spectrum 3 X 10 Analyzer
Ref Level - Brn RBW 3 MHz
Att 1 dE ® SWT 1s VBW 3MHz Mode Au
1 Frequency Sweep
T T
|

I

CF 470.0 MHz 1001 pts 94.0 MHz/ Span 940.0 MHz
2 Marker Peak List

y-Val -Va value ~

Figure 4-18: Marker Peak List

4.4.7 Zooming into the display

To analyze the areas around the peak levels in more detail, we will zoom into the top 3
peaks.
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! = 1. Tap the "Multiple Zoom" icon in the toolbar.

=N The icon is highlighted orange to indicate that multiple zoom mode is active.

2. Tap the diagram near the first peak and drag your finger to the opposite corner of
the zoom area. A white rectangle is displayed from the point where you tapped to
the current position.

Figure 4-19: Defining the zoom area

When you remove your finger, the zoom area is enlarged in a second (sub-)win-
dow.

1 Fr equenw Sweep o 14P "
Ml[l] -30.01 dBm
A 64.330 MHz

CF 470.0 MHz 1001 p 94.0 MHz/ Span 940.0 MH

] vz1
CF 68.12769629 MHz 80 pts 7.46 MHz/ Span 74.616048318 MHz

Figure 4-20: Zoomed display around a peak

3. InFigure 4-20, the enlarged peak is represented by a very thick trace. This is due
to the insufficient number of sweep points. The missing sweep points for the
zoomed display are interpolated, which provides poor results. To optimize the

results, we will increase the number of sweep points from the default 1001 to
32001.

a) Press the [Sweep] key on the front panel.

b) Tap the "Sweep Config" softkey in the "Sweep" menu.

c) Inthe "Sweep Points" field, enter 32001.

d) Press the RUN SINGLE key on the front panel to perform a new sweep with
the increased number of sweep points.
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1 Fr equency Sweep

Ml[l] -30.14 dBm
/ 64.3260 MHz
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Figure 4-21: Zoomed peak with increased number of sweep points

Note that the trace becomes much more precise.

! Eo 4. Tap the "Multiple Zoom" icon in the toolbar again and define a zoom area around
= markers M4, M5 and M6.

1 Frequency Sweep

‘I 2 M1[1]| -30.14 dBm
‘ \ | 2 64,3260 MHz
‘l i 3 5 L e

CF 470.0 MHz 32001 pts 94.0 MHz/ Span 940.0 MHz
®l it X1

/
/
| | .t ceococem | | | || %ﬂ—l A REKC v
4 Em mf
CF 68.1276... 25... 7.46... Span 74. 616 CF 380.56896... 578... 17.0... Span 17 CF 577.057..
2 Marker Peak List

X-Value Y-Value X-Value
dB 7

ESPTRRTOIN -

Figure 4-22: Multiple zoom windows

Eo 5. Tap the "Multiple Zoom" icon in the toolbar again and define a zoom area around
== marker M8.

6. To increase the size of the third zoom window, drag the "splitter" between the win-
dows to the left or right or up or down.
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Figure 4-23: Enlarged zoom window

4.4.8 Zooming into the display permanently

The zoomed results from Chapter 4.4.7, "Zooming into the display", on page 70 were

only graphical changes to the display. Now we would like to change the measurement
settings such that the zoomed result is maintained permanently. We will demonstrate

this in the Spectrum channel.

1. Tap the "Spectrum" tab.

2. Double-tap the diagram close to the peak of the measurement.

A peak marker (M1) is inserted at the detected peak.
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Select the (graphical) zoom icon on the toolbar.
Any subsequent touch gestures define the zoom area for the zoom display.

4. Place two fingers on the diagram, to the left and right of the marker, and stretch

them apart.

ReflLe
Att
1 Frequency Sweep ® 1Pk Clrw
M1[1]| -30.01 dBm &
#0 64.0000 MHz

3
400.35 kHz/ Span 4.003451251 MHz

201 pts

CF 63.991371872 MHz

The area around the marker is enlarged in the result display.
5. When the area has the size you require, remove your fingers from the display.

The displayed span and the number of displayed sweep points is smaller than
before, all other measurement settings remain unchanged.
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MultiView =8 Spectrum X Spectrum 2 #* X  Spectrum 3 # X  1IQ Analyzer #* X

Ref Level -2 3 RBW

Att 0Ode SWT 1.01ms VBW
1 Frequency Sweep

M1[1]| -30.06 dBm =
64,0000 MHz
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>
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@ 6. Tap the "Measurement Zoom" icon on the toolbar for a second or so.

A context menu with further options is displayed.
7. Select "Adapt Hardware to Zoom (selected diagram)".

The span of the measurement is changed, and due to the automatic coupling of the
span to the sweep time, RBW and VBW, those values are also changed. The num-
ber of sweep points is restored to the default 1001. The range of the trace is the
same as in the graphical zoom. However, due to the smaller RBW filter, the peak is
narrower.

Multiview =8 Spectrum X | Spectrum 2 # X IQ Analyzer #* X

Ref Level -2
Att B | SWT 140 ms ) 3 Mode Auto FFT
1 Frequency Sweep el
M1[1] | -30.05 dBm
64.00000 MHz

CF 64.120793788 MHz 1001 pts 257.12 kHz/ Span 2.571182053 MHz|
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4.4.9 Saving settings

To restore the results of our measurements later, we will store the instrument settings
to a file.
To save the instrument settings to a file

|=| 1. Tap the "Save" icon in the toolbar.
@ 2. Press the keyboard key on the front panel to display the on-screen keyboard, as

you will have to enter text in the next step.

3. Inthe "Save" dialog box, tap the "File Name" field and enter MyMultiViewSetup
using the external or onscreen keyboard.
Keep the default "File Type" setting "Instrument with all Channels" to store the con-
figuration of all channels.

Save

Quick Save Save

Drive: ,.(C:) Operat - Path: . user (C:/R_S/instr/user)

1 chan_tab
ol
1 EUTRA_Backup

1 gen

File Name

Comment

File Type Items:

Instrument 2

with all Channels Sl Sadinse

Current Channel: r All Traces
Spectrum 2

Figure 4-24: Saving the instrument settings to a file

4. Tap the "Save" button.

The file MyMultivViewSetup.dfl is stored in the default directory C: /R _S/
instr/user.
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To load stored instrument settings
You can restore the settings to the instrument at any time using the settings file.

1. Press the [PRESET] button to restore the default instrument settings so you can
check that the stored user settings are actually restored afterwards.

2. Tap the "Load" icon in the toolbar.

3. Inthe "Load" dialog box, select the MyMultivViewSetup.dfl file in the default
directory C: /R_S/instr/user.

4. Tap the "Load" button.

All instrument settings are restored and the display should resemble Figure 4-23,
which shows the instrument display right before the settings were stored.

4410 Printing and saving results

Finally, after a successful measurement, we will document our results. First we will
export the numeric trace data, then we will create a screenshot of the graphical display.

To export the trace data

1. Press the [TRACE] key on the front panel.

2. Tap the "Trace Config" softkey.

3. Tap the "Trace Export" tab.

4. Tap the "Export Trace to ASCII File" button.

5. Enter the file name MyPeakResults using the external or onscreen keyboard.

The trace data is stored to MyPeakResults.DAT

To create a screenshot of the display

E 1. Tap the "Print immediately" icon in the toolbar.

A screenshot of the current display is created. Note that the colors on the screen
are inverted in the screenshot to improve printout results.

2. Inthe "Save Hardcopy as Portable Network Graphics (PNG)" dialog box, enter a
file name, e.g. MyPeakDisplay.

The screenshot is stored to MyPeakDisplay.png.
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Figure 4-25: Screenshot of the current display

4.5 Operating the instrument

This chapter provides an overview on how to work with the R&S FSW.

@ Remote control
In addition to working with the R&S FSW interactively, located directly at the instru-
ment, it is also possible to operate and control it from a remote PC. Various methods
for remote control are supported:

® Connecting the instrument to a (LAN) network

® Using the web browser interface in a LAN network

® Using the Windows Remote Desktop application in a LAN network
® Connecting a PC via the GPIB interface

How to configure the remote control interfaces is described in the R&S FSW user man-
ual.

Understanding the display information...............uuuiiiiiiiiiee, 79
Accessing the fUNCIONAlItY..........coooiiiiiiii e 88
Changing the fOCUS......uuriiiiiiee e e e e e e e e e e e e anannes

ENtering data.........oeeeeiiieeii e e

Touchscreen gestures
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(€7 ux Lo T T o J N
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4.5.1 Understanding the display information

The following figure shows a measurement diagram in Spectrum mode. All different
information areas are labeled. They are explained in more detail in the following sec-
tions.

MultiView Spectrum

Ref Level O

ALt 3
1 Frequency Sweep ® 1 AP Clrw

CF 4.0 GHz ) ) 1001 pts

1 = Channel bar for firmware and measurement settings

2 = Window title bar with diagram-specific (trace) information

3 = Diagram area with marker information

4 = Instrument status bar with error messages, progress bar and date/time display

5 = Diagram footer with diagram-specific information, depending on measurement application

O Hiding elements in the display

You can hide some of the elements in the display, for example the status bar or chan-
nel bar, to enlarge the display area for the measurement results. ("Setup > Display >
Displayed Items")

For details, see the R&S FSW User Manual.
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4.5.1.1 Channel bar

Using the R&S FSW you can handle several different measurement tasks (channels)
at the same time, although they can only be performed asynchronously. For each
channel, a separate tab is displayed on the screen. To switch from one channel display
to another, simply select the corresponding tab.

MultiView 22 Spectrum ! %

Ref Level 0.00 dBm
Att 10 dB  SWT 795 ms
TRG:IFP(70MHz) TOF

If many tabs are displayed, select the tab selection list icon at the right end of the chan-
nel bar. Select the channel you want to switch to from the list.

MultiView

Spectrum

Spectrum 2

Analog Demod
v IQ Analyzer

MultiView tab

An additional tab labeled "MultiView" provides an overview of all active channels at a
glance. In the "MultiView" tab, each individual window contains its own channel bar
with an additional button. Tap this button, or double-tap in any window, to switch to the
corresponding channel display quickly.

MultiView 5% Spectrum

Ref Level 0
Att 10dB SWT
1 Frequency Sweep

Spectrum

Icons in the channel bar

The H yellow star icon on the tab label (sometimes referred to as a "dirty flag") indi-
cates that invalid or inconsistent data is displayed, that is: the trace no longer matches
the displayed instrument settings. For example, after you change the measurement
bandwidth, the displayed trace is still based on the old bandwidth. As soon as a new
measurement is performed or the display is updated, the icon disappears.

The Bicon indicates that an error or warning is available for that measurement chan-
nel. This is particularly useful if the MultiView tab is displayed.
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"IQ" in the channel tab indicates that the results for the channel no longer match the
data currently in the capture buffer.

In MSRA mode, the results in an MSRA secondary application no longer match the
data captured by the MSRA primary application. The "IQ" disappears after you refresh
the results in the outdated application.

For applications using a long capture buffer, this icon appears if you switch channels.
The icon disappears after you switch back to the application and perform a new mea-
surement.

The € icon indicates the currently active channel during an automatic measurement
sequence ("Sequencer" functionality).
Channel-specific settings

Beneath the channel name, information on channel-specific settings for the measure-
ment is displayed in the "channel bar". Channel information varies depending on the
active application.

In the Spectrum application, the R&S FSW shows the following settings:

Table 4-6: Channel settings displayed in the channel bar in the Spectrum application

"Ref Level" Reference level

"m.+el Att" Mechanical and electronic RF attenuation

"SAN: Att" Analyzer attenuation when using an (optional) external frontend
"ExtFE: Att" External frontend attenuation when measuring external frontend input.
"Ref Offset" Reference level offset

"SWT" Sweep time

If the sweep time does not correspond to the value for automatic coupling,
a bullet is displayed in front of the field. The color of the bullet turns red if
the sweep time is set below the value for automatic coupling. In addition,
the UNCAL flag is shown. In this case, the sweep time must be increased.

For FFT sweeps, an estimated duration for data capture and processing is
indicated behind the sweep time in the channel bar.

"Meas Time"/"AQT" Measurement (acquisition) time, calculated from analysis bandwidth and
number of samples (for statistics measurements)

"RBW" Resolution bandwidth that has been set.

(CISPR) indicates that a CISPR bandwidth filter is being used, e.g. due to
an active CISPR trace detector.

For details, see Chapter 6.13.3.1, "Resolution bandwidth and filter types",
on page 333.

If the bandwidth does not correspond to the value for automatic coupling,
a green bullet appears in front of the field.

"VBW" Video bandwidth that has been set.

If the bandwidth does not correspond to the value for automatic coupling,
a green bullet is displayed in front of the field.

"AnBW" Analysis bandwidth (for statistics measurements)
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"Compatible" Compatible device mode (FSP, FSU, default; default not displayed)

"Mode" Indicates which sweep mode type is selected:

e  "Auto FFT": automatically selected FFT sweep mode

®  "Auto sweep": automatically selected swept sweep mode
®  "Sweep": manually selected frequency sweep mode

e "FFT": manually selected FFT sweep mode

Icons for individual settings

A bullet next to the setting indicates that user-defined settings are used, not automatic
settings. A green bullet indicates this setting is valid and the measurement is correct. A
red bullet indicates an invalid setting that does not provide useful results.

Common settings

The channel bar above the diagram not only displays the channel-specific settings. It
also displays information on instrument settings that affect the measurement results
even though it is not immediately apparent from the display of the measured values.
This information is displayed in gray font and only when applicable for the current mea-
surement, as opposed to the channel-specific settings that are always displayed.

Multiview 2= Spectrum ! %

Ref Level 0.00 dBm EBW =
Att i0d8 SWT S5ms  VBW -
TRG:IFF fHz) TOF

The following types of information are displayed, if applicable.

Table 4-7: Common settings displayed in the channel bar

"SGL" The sweep is set to single sweep mode.

"Sweep Count" | The current signal count for measurement tasks that involve a specific number of subse-
quent sweeps

(see "Sweep Count" setting in "Sweep settings" in the User Manual)

"TRG" Trigger source

(for details see "Trigger settings" in the User Manual)

e "BBP": Baseband power (with Digital Baseband Interface R&S FSW-B17 only)
e "EXT": External

® "GP_0": General purpose bit (with Digital Baseband Interface R&S FSW-B17 only)
e "IFP": IF power (+trigger bandwidth)
e "PSE": Power sensor
e "RFP": RF power
e "SQL": Squelch
e "TIM" Time
e "VID": Video

"6dB"/"RRC"/"C | Filter type for sweep bandwidth

HN" See "Filter Type" on page 346

"PA"/"Ext PA" The preamplifier is activated. / Data compensation is performed using data from the
(optional) external preamplifier.

"YIG Bypass" The YIG filter is deactivated.
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"GAT" The frequency sweep is controlled via the TRIGGER INPUT connector.

"TDF" The specified transducer factor is activated.

"75 Q" The input impedance of the instrument is set to 75 Q.

"FRQ" A frequency offset # 0 Hz is set.

"DC/AC" DC or AC coupling is used for the input.

"ExtMix" An external mixer is activated for input (requires option R&S FSW-B21); the used band is

<band> also indicated

"Ext. Gen" The R&S FSW is controlling an external generator (requires option R&S FSW-B10).

<"NOR" | "NOR": the measurements are normalized with the results of the external generator cali-

"APX"> bration
"APX" (approximation): the measurements are normalized with the results of the external
generator calibration; however, the measurement settings have been changed since cali-
bration
If neither label is displayed, no calibration has been performed yet or normalization is not
active.
For details, see Chapter 7.2.4, "Optional external generator control", on page 383.

"Inp:ExtFe" "IF | An external frontend is active (requires option R&S FSW-K553); the used frequency

High" / "IF band configuration is indicated for reference.

Low" / "Spur " . -
See "Frequency Band Configuration" on page 449.

optimized" / quency gurat pag

"EVM opti-

mized" / <IF

frequency

range>

"IFCorr" IF cable correction for an active external frontend is enabled and a valid correction file is
available (requires option R&S FSW-K553)

"ExtDev" An external frontend is active (requires option R&S FSW-K553) with an external device
connected to it or a correction file for the external device is loaded and active.

"LVL" A level offset is applied to the external generator signal (only if external generator control
is active).

"Inp: Input 2" For R&S FSW85 models with two RF input connectors only: the second input connector
"RF2" is the current input source for the channel

"B2000" A connected oscilloscope is being used to acquire data with up to 2 GHz bandwidth
(requires bandwidth extension option R&S FSW-B2000)

"B5000" A connected oscilloscope is being used to acquire data with up to 5 GHz bandwidth

(requires bandwidth extension option R&S FSW-B5000)

Changing the Channel Name

The measurement channels are labeled with their default name. If that name already
exists, a sequential number is added. You can change the name of the measurement
channel by double-tapping the name in the channel bar and entering a new name.

For an overview of default names, see TNSTrument:LIST? on page 890.

Note: Channel name restrictions. Channel names can have a maximum of 31 charac-
ters, and must be compatible with the Windows conventions for file names. In particu-
lar, they must not contain special characters such as ":", "*", "?".
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Remote command:
INSTrument : REName on page 892

4.5.1.2 Window title bar

Each channel in the R&S FSW display can contain several windows. Each window can
display either a graph or a table as a result of the channel measurement. Which type of
result evaluation is displayed in which window is defined in the display configuration
(see Chapter 4.5.6, "Displaying results", on page 100). The window title bar indicates
which type of evaluation is displayed.

O Double-tap the window title bar to enlarge the window temporarily. Double-tap it again
= to restore the original size.

See also Chapter 4.5.6.4, "Switching between a split and maximized window display",
on page 106.

Trace information in window title bar

Information on the displayed traces is indicated in the window title bar.

o 1 AP Clrw Smth 2%

(1) Trace color Color of trace display in diagram
(2) Trace no. Trace number (1 to 6)
(3) Detector Selected detector:
AP AUTOPEAK detector
Pk MAX PEAK detector
Mi MIN PEAK detector
Sa SAMPLE detector
Av AVERAGE detector
Rm RMS detector
QP QUASIPEAK detector
(4) Trace Mode Sweep mode:
Clrw CLEAR/WRITE
Max MAX HOLD
Min MIN HOLD
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Avg AVERAGE (Lin/Log/Pwr)
View VIEW
(5) Smoothing factor Smth Smoothing factor, if enabled.

(See "Smoothing" on page 617)

Norm/NCor Correction data is not used.

4.5.1.3 Marker information

Marker information is provided either in the diagram grid or in a separate marker table,
depending on the configuration.

Marker information in diagram grid

Within the diagram grid, the x-axis and y-axis positions of the last two markers or delta
markers that were set are displayed, if available, as well as their index. The value in
the square brackets after the index indicates the trace to which the marker is assigned.
(Example: M2[1] defines marker 2 on trace 1.) For more than two markers, a separate
marker table is displayed beneath the diagram by default.

Marker information in marker table

In addition to the marker information displayed within the diagram grid, a separate
marker table may be displayed beneath the diagram. This table provides the following
information for all active markers:

Type Marker type: N (normal), D (delta), T (temporary, internal), PWR (power sensor)
Ref Reference (for delta markers)

Trc Trace to which the marker is assigned

X-value X-value of the marker

Y-value Y-value of the marker

Func Activated marker or measurement function

Func .Result Result of the active marker or measurement function

The functions are indicated with the following abbreviations:

FXD Fixed reference marker

PHNoise Phase noise measurement

CNT Signal count

TRK Signal tracking

NOlse Noise measurement

MDepth AM modulation depth

TOI Third order intercept measurement
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4.51.4 Frequency and span information in diagram footer

The information in the diagram footer (beneath the diagram) depends on the current
application, measurement, and result display.

For a default measurement in the "Spectrum" mode, the "Diagram" result display con-
tains the following information, for example:

Table 4-8: Frequency domain display

Label

Information

CF / Span
or

none (first / last
value)

Center frequency / Frequency span
or
Start frequency / Stop frequency

(Depending on how the range was defined)

Pts Number of sweep points or (rounded) number of currently displayed points in zoom
mode
MHz/ Span per division

Table 4-9: Time domain display

Label Information

CF Center frequency

Pts Number of sweep points or (rounded) number of currently displayed points in zoom
mode

ms/ Time per division

Instrument and status information

Global instrument settings and functions, the instrument status and any irregularities
are indicated in the status bar beneath the diagram.

Sweep Time too low

06.12.2017
14:31:42

In the MultiView tab, the status bar always displays the information for the currently
selected measurement.

The following information is displayed:

Instrument status

EXT
REF

The instrument is configured for operation with an external reference.

The optional Digital Baseband Interface (R&S FSW-B17) is being used for digital
input

For details on the Digital Baseband Interface (R&S FSW-B17), see the R&S FSW 1/Q
Analyzer User Manual.
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digital output.

For details on the Digital Baseband Interface (R&S FSW-B17), see the R&S FSW 1/Q
Analyzer User Manual.

g The optional Digital Baseband Interface (R&S FSW-B17) is being used to provide

The optional Digital 1/Q 40G Streaming Output Connector (R&S FSW-B517) is being
used to provide digital output.

For details on the Digital I/Q 40G Streaming Output Connector, see the R&S FSW
I/Q Analyzer User Manual.

Progress

The progress of the current operation is displayed in the status bar.

In the MultiView tab, the progress bar indicates the status of the currently selected
measurement, not the measurement a Sequencer is currently performing, for example.

Date and time

The date and time settings of the instrument are displayed in the status bar.

22.00.2011

10:39:44

4.5.1.6 Error information

If errors or irregularities are detected, a keyword and an error message, if available,
are displayed in the status bar.

Depending on the type of message, the status message is indicated in varying colors.

Table 4-10: Status bar information - color coding

Color Type Description

Red Error An error occurred at the start or during a measurement, e.g. due to missing
data or wrong settings, so that the measurement cannot be started or com-
pleted correctly.

Orange Warning An irregular situation occurred during measurement, e.g. the settings no lon-
ger match the displayed results, or the connection to an external device was
interrupted temporarily.

Gray Information Information on the status of individual processing steps.

No color No errors No message displayed - normal operation.

Green Measurement Some applications visualize that the measurement was successful by show-
successful ing a message.
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If any error information is available for a channel, an exclamation mark is displayed

@ next to the channel name (H). This is particularly useful when the MultiView tab is dis-
played, as the status bar in the MultiView tab always displays the information for the
currently selected channel only.

For a description of possible errors, see the R&S FSW user manual.

4.5.2 Accessing the functionality

All tasks necessary to operate the instrument can be performed using this user inter-
face. Apart from instrument specific keys, all other keys that correspond to an external
keyboard (e.g. arrow keys, ENTER key) operate conform to Microsoft.

For most tasks, there are at least 2 alternative methods to perform them:

® Using the touchscreen
® Using other elements provided by the front panel, e.g. the keypad, rotary knob, or
arrow and position keys.

The measurement and instrument functions and settings can be accessed by selecting
one of the following elements:

® System and function keys on the front panel of the instrument

® Softkeys on the touchscreen

® Context menus for specific elements on the touchscreen

® |cons on the tool bar in the touchscreen

® Displayed setting on the touchscreen

4.5.2.1 Toolbar

Standard functions can be performed via the icons in the toolbar at thetop of the
screen.

O You can hide the toolbar display, e.g. when using remote control, to enlarge the display
= area for the measurement results ("Setup > Display > Displayed Items"). See the
R&S FSW User Manual for details.

TEIFIERY EREET TEROEERTEEAT

The following functions are available by default:
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Table 4-11: Standard Application Functions in the Toolbar

Icon Description

Windows: displays the Windows "Start" menu and task bar

Open: opens a file from the instrument ("Save/Recall" menu)

Store: stores data on the instrument ("Save/Recall" menu)

Print: defines print settings ("Print" menu)

Report Menu:
Displays the "Report" menu to configure a report.

See Chapter 10.6, "Working with test reports”, on page 701.

Undo: reverts last operation

Redo: repeats previously reverted operation

Selection mode: the cursor can be used to select (and move) markers in a zoomed display

(This function is only available and required for older instruments that do not support multi-touch
gestures.)

Measurement zoom: applies to the next display you select;

Displays a dotted rectangle in the diagram that can be expanded to define the zoom area; the
selected diagram is replaced by a new diagram with adapted measurement settings which dis-
plays the selected extract of the trace.

Also provides a context menu to determine the firmware behavior for touch gestures:

® "Level Lock"
(Default:) The reference level (and thus the attenuation) remains unchanged during touch
gestures on the screen.

o "X-Lock"
The x-axis of the diagram is not changed during subsequent touch gestures.
® "Y-Lock"

The y-axis of the diagram is not changed during subsequent touch gestures.
®  "Adapt Measurement to Zoom (selected diagram)”
Automatically adapts the measurement settings to the currently zoomed display

(Graphical) Zoom mode: applies to the next display you select;

== Displays a dotted rectangle in the diagram that can be expanded to define the zoom area; the
selected diagram is replaced by a new diagram which displays an enlarged extract of the trace.

This function changes the behavior of finger gestures such as dragging or stretching a finger
(see also "Touch gestures in diagrams change measurement settings" on page 98)
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Icon Description
Eﬁ} Multiple (graphical) zoom mode: applies to the next display you select;
ows you to enlarge several different areas of the trace simultaneously.
A All i | | diffe t f the t imult |

Displays a dotted rectangle in the diagram that can be expanded to define the zoom area; a
subwindow is added to display an enlarged extract of the trace

This function changes the behavior of finger gestures such as dragging or stretching a finger
(see also "Touch gestures in diagrams change measurement settings" on page 98)

Zoom off: displays the diagram in its original size

This function only restores graphically zoomed displays. Measurement zooms, for which mea-
surement settings were adapted, remain untouched.

Data shift: Shifts the data to be evaluated in the result display and re-evaluates the new data.

Currently, this function is only available in the Transient Analysis application.

Data zoom: Decreases the amount of data to be evaluated in the result display and re-evaluates
the new data, thus enlarging the display of the remaining data.

Currently, this function is only available in the Transient Analysis application.

SmartGrid: activates "SmartGrid" mode to configure the screen layout

OEEBE

Sequencer: opens the "Sequencer" menu to perform consecutive measurements

¥
f#

SCPI Recorder: opens a dialog to record SCPI commands during operation

a
=

Event based actions manager: opens a dialog to configure actions based on specific events

For details see Chapter 8.7, "Event-based actions", on page 653.

Application starter: opens a dialog to start an external application directly from the R&S FSW
firmware.

For details see Chapter 11.3, "Application starter", on page 738.
To return to the R&S FSW window, use the [Alt]+[Tab ] keys.

Help (+ Select): allows you to select an object for which context-specific help is displayed

Help: displays context-sensitive help topic for currently selected element

Report New: Deletes all currently stored datasets and creates a new one.

See Chapter 10.6, "Working with test reports”, on page 701.

Report Append: Adds a new dataset to the existing ones for the next test report.

See Chapter 10.6, "Working with test reports”, on page 701.

Print immediately: prints the current display (screenshot) as configured

el=[LILW ..
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Icon Description

In "SmartGrid" mode only:

X

Exit "SmartGrid" mode

4.5.2.2 Softkeys

Softkeys are virtual keys provided by the software. Thus, more functions can be provi-
ded than those that can be accessed directly via the function keys on the instrument.
Softkeys are dynamic, i.e. depending on the selected function key, a different list of
softkeys is displayed on the right side of the screen.

A list of softkeys for a certain function key is also called a menu. Softkeys can either
perform a specific function or open a dialog box.

The "More" softkey indicates that the menu contains more softkeys than can be dis-
played at once on the screen. When pressed, it displays the next set of softkeys.

Recognizing the softkey status by color

Color Meaning

Orange Associated dialog box is open

Blue Associated function is active; for toggle keys: currently active state

Gray Instrument function is temporarily not available due to a specific setting or missing option

o You can hide the softkey display, e.g. when using remote control, to enlarge the display
= area for the measurement results ("Setup > Display > Displayed Items"). See the User
Manual for details.

4.5.2.3 Context menus

Several items in the diagram area have context menus, such as traces, markers, soft-

keys, or settings in the channel bar. If you right-click on one of these items (or tap it for
about 1 second), a menu is displayed with context-specific menu items for the selected
item.

If SCPI Recording is available, the context menu contains a link to the SCPI recorder
functions and a link to a help topic for the specific item.

For details, see Chapter 12.5.1, "The context-sensitive SCPI command menu",
on page 831.
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Show SCPI result query commands
Help

Figure 4-26: Context menu for a result display with SCPI Recorder functions

If SCPI Recorder functions are not available, for example for channel bar settings or in
some applications, the context menu contains functions for the selected item. These
functions correspond to the functions also provided for the item in softkey menus. This
is useful, for example, when the softkey display is hidden.

MultiView 52 Spectrum
Ref Level 0.00 dBm S
Att 0de SWT 795 ms VBW 3 Res BW Manual
1 Frequency Sweep v Res BW Auto
Video BW Manual
v Video BW Auto
Sweep Time Manual
v Sweep Time Auto
Bandwidth Config

Figure 4-27: Context menu for channel bar setting

4.5.2.4 On-screen keyboard

The on-screen keyboard is an additional means of interacting with the instrument with-
out having to connect an external keyboard.

Enter

AN Shift

R B
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The on-screen keyboard display can be switched on and off as desired using the "On-
Screen Keyboard" function key beneath the screen.

(i,

When you press this key, the display switches between the following options:

e Keyboard displayed at the top of the screen
e Keyboard displayed at the bottom of the screen
® No keyboard displayed

O You can use the TAB key on the on-screen keyboard to move the focus from one field
= to another in dialog boxes.

4.5.3 Changing the focus

Any selected function is always performed on the currently focused element in the dis-
play, e.g. a dialog field, diagram, or table row. Which element is focused is indicated by
a blue frame (diagram, window, table) or is otherwise highlighted (softkey, marker etc.).
Moving the focus is most easily done by tapping on the element on the touchscreen.
Alternatively, use the "Tab" key on the on-screen keyboard or the rotary knob to move
the focus from one element to the next on the display.

(ﬂ) To move the focus between any displayed diagrams or tables in a window, press the
"Change focus" key on the front panel. The focus moves from the diagram to the first
table to the next table etc. and then back to the diagram, within the same window.

In fullscreen mode, where a single window is displayed in full size on the screen, this
key switches the focus (and the display) from one active window to the next.

4.5.4 Entering data

You can enter data in dialog boxes using any of the following methods:

® Using the touchscreen, via the on-screen keyboard

® Using other elements provided by the front panel, e.g. the keypad, rotary knob, or
navigation keys
The rotary knob acts like the [ENTER] key when it is pressed.

® Using a connected external keyboard
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O Transparent dialog boxes

You can change the transparency of the dialog boxes to see the results in the windows
behind the dialog box. Thus, you can see the effects that the changes you make to the
settings have on the results immediately.

To change the transparency, select the transparency icon at the top of the dialog box.
A slider is displayed. To hide the slider, select the transparency icon again.

(The title bar of the dialog box is always slightly transparent and is not affected by the
slider.)

® Particularities in Windows dialog boxes

In some cases, e.g. if you want to install a printer, original Windows dialog boxes are
used. In these dialog boxes, the rotary knob and function keys do not work. Use the
touchscreen instead.

4.5.41 Entering numeric parameters
If a field requires numeric input, the keypad provides only numbers.

1. Enter the parameter value using the keypad, or change the currently used parame-
ter value by using the rotary knob (small steps) or the [UP] or [DOWN] keys (large
steps).

2. After entering the numeric value via keypad, press the corresponding unit key.
The unit is added to the entry.

3. If the parameter does not require a unit, confirm the entered value by pressing the
[ENTER] key or any of the unit keys.
The editing line is highlighted to confirm the entry.

Digit-based data entry

By default, when you enter a numeric value in an input field, you overwrite the existing
value. If you edit the value using the arrow keys or rotary knob, the value is increased

or decreased linearly. An extended digit-based data entry mode allows you to edit indi-
vidual digits and change the unit quickly.

Center Frequency

1.00E]000 000 [ 1374

1. In the input field for a numeric value, select the pencil icon to switch to extended
data entry mode.

2. Use the left and right arrow keys to scroll through the individual digits of the indica-
ted value.
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3. Change the required digit using the up and down arrow keys or the rotary knob to
scroll through the values 0 to 9.
The new value is applied immediately, without further confirmation.

Note:

e [f you enter a digit using the keypad, the entire value is overwritten, as in nor-
mal data entry mode.

e To add a digit to the existing value, you must return to normal data entry mode.
Select the pencil icon to toggle between entry modes.

4. To change the unit:

a) Press the right arrow key and scroll past the last digit to select the unit list.
b) Use the up and down arrow keys to scroll through the available units.
c) Press the left arrow key to return to the last digit of the numeric value.

The new unit is applied immediately, without further confirmation.

5. Select the "X" to close the input field.

4.5.4.2 Entering alphanumeric parameters

If a field requires alphanumeric input, you can use the on-screen keyboard to enter
numbers and (special) characters (see Chapter 4.5.2.4, "On-screen keyboard",
on page 92).

Alternatively, you can use the keypad. Every alphanumeric key represents several
characters and one number. The decimal point key (.) represents special characters,
and the sign key (-) toggles between capital and small letters. For the assignment,
refer to Table 4-12.

O You can change the default behavior of the keypad for text input. This is useful if you
= frequently enter numeric values in text fields, for example to define file names consist-
ing of numbers.

For details, see "Number block behavior" on page 784.

To enter numbers and (special) characters via the keypad
1. Press the key once to enter the first possible value.
2. All characters available via this key are displayed.

3. To choose another value provided by this key, press the key again, until your
desired value is displayed.

4. With every key stroke, the next possible value of this key is displayed. If all possi-
ble values have been displayed, the series starts with the first value again. For
information on the series, refer to Table 4-12.

5. To change from capital to small letters and vice versa, press the sign key (-).
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6. When you have chosen the desired value, wait for 2 seconds (to use the same key
again), or start the next entry by pressing another key.
To enter a blank

» Press the "Space" bar, or press the "0" key and wait 2 seconds.

To correct an entry
1. Using the arrow keys, move the cursor to the right of the entry you want to delete.

2. Press the [BACKSPACE] key.

The entry to the left of the cursor is deleted.

3. Enter your correction.

To complete the entry

» Press the [ENTER] key or the rotary knob.

To abort the entry

» Press the [ESC] key.
The dialog box is closed without changing the settings.

Table 4-12: Keys for alphanumeric parameters

Key name Series of (special) characters and number provided

(upper inscription)

7 TUQ°€¥$¢

8 ABCS8AZEAC

9 DEF9E

4 GHI4

5 JKL5

6 MNOBNO

1 PQRS1

2 TUV2U

3 WXYZ3

0 <blank>0-@ +/\<>=% &
") #

- <toggles between capital and small letters>
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4.5.5 Touchscreen gestures

A touchscreen allows you to interact with the software using various finger gestures on
the screen. The basic gestures supported by the software and most applications are
described here. Further actions using the same gestures may be possible.

Tapping
Touch the screen quickly, usually on a specific element.

You can tap most elements on the screen; in particular, any elements you can also
click on with a mouse pointer.

Figure 4-28: Tapping

Double-tapping
Tap the screen twice, in quick succession.

Double-tap a diagram or the window title bar to maximize a window in the display, or to
restore the original size.

Dragging

Move your finger from one position to another on the display, keeping your finger on
the display the whole time.

By dragging your finger over a table or diagram you can pan the displayed area of the
table or diagram to show results that were previously out of view.

T O
1=

l;w‘{“w “‘|W]"‘ ‘
i '\” " W’ il M‘ [r‘lf"‘”f"’[’l""“‘“ﬂ“"“ml“{‘“i’y"”"VH“U

nr,*“M“M*‘[\M*rnﬂﬂ”

Figure 4-29: Dragging

Pinching and spreading two fingers

Move two fingers together on the display (pinch) or move two fingers apart on the dis-
play (spread).

When you pinch two fingers in the display, you decrease the size of the currently dis-
played area, showing the surrounding areas previously out of view.

Y
0
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When you spread two fingers in the display, you increase the size of the currently dis-
played area, showing more details.

You can pinch or spread your fingers vertically, horizontally, or diagonally. The direction
in which you move your fingers determines which dimension of the display is changed.

| wf«v*vww‘wmqp J,‘WWM

Y & ™ L

Il

e

Figure 4-30: Pinching

i ’wwr\\

i

Figure 4-31: Spreading

CD Touch gestures in diagrams change measurement settings

When you change the display using touch gestures, the corresponding measurement
settings are adapted. This is different to selecting an area on the screen in zoom
mode, where merely the resolution of the displayed trace points is changed temporarily
(graphical zoom).

For example:
® Dragging horizontally in a spectrum display changes the center frequency.

® Dragging vertically in a power vs frequency (spectrum) or power vs. time display
changes the reference level (for absolute scaling) or the min and max power val-
ues (for relative scaling).

® Dragging horizontally in a time domain display changes the trigger offset value (if
available, not in free run).

® Spreading or pinching a spectrum display changes the center frequency and span
(horizontal) or reference level and range (vertical), or a combination of these set-
tings (diagonal).
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® Spreading or pinching a time domain display changes the sweep time and trigger
offset (horizontal) or reference level position and range (vertical), or a combination
of these settings (diagonal).

You can prevent the firmware from changing specific settings using the options in the
context menu for the measurement zoom icon. By default, the reference level is locked
and thus not changed automatically due to touch gestures.

(See "Measurement Zoom" on page 540).

—_—
@ o R A 5 oo o @ %0 @

v Level-Lock
X-Lock
Y-Lock

Adapt Measurement to Zoom (selected diagram)

Mouse vs. touch actions

Any user interface elements that react to actions by a mouse pointer also react to fin-
ger gestures on the screen, and vice versa. The following touch actions correspond to
mouse actions:

Table 4-13: Correlation of mouse and touch actions

Mouse operation Touch operation

Click Tap

Double-click Double-tap

Click and hold Touch and hold

Right-click Touch, hold for 1 second and release
Drag-&-drop (= click and hold, then drag and Touch, then drag and release
release)

n.a. (Change hardware settings) Spread and pinch two fingers
Mouse wheel to scroll up or down Swipe

Dragging scrollbars to scroll up or down, left or right | Swipe

In (graphical) Zoom mode only: dragging the bor- Touch, then drag and release
ders of the displayed rectangle to change its size

Example:

You can scroll through a long table in conventional mouse operation by clicking in the
table's scrollbar repeatedly. In touch operation, you would scroll through the table by
dragging the table up and down with your finger.
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4.5.6 Displaying results

The R&S FSW provides several instrument applications for different analysis tasks and
different types of signals, e.g. 3G FDD, I/Q analysis or basic spectrum analysis. For
each application, a new measurement channel is created and displayed in a separate
tab on the screen.

The results of a measurement channel can be evaluated in many different ways, both
graphically and numerically. For each evaluation method the results are displayed in a
separate window in the tab.

The R&S FSW allows you to configure the display to suit your specific requirements
and optimize analysis.

4.5.6.1 Activating and deactivating channels

When you activate an application, a new measurement channel is created which deter-
mines the measurement settings for that application. The same application can be acti-
vated with different measurement settings by creating several channels for the same
application. Whenever you switch channels, the corresponding measurement settings
are restored. Each channel is displayed in a separate tab on the screen.

An additional tab ("MultiView") provides an overview of all currently active channels at
once.

Only one measurement can be performed at any time, namely the one in the currently
active channel. However, in order to perform the configured measurements consecu-
tively, a Sequencer function is provided.

MultiView =8 Spectrum # X  Spectrum 2 # X Spectrum 3 X IQ Analyzer
ReflLavel -25. ol 3 z Ref Leval -
Spectrum e ) . s . & . Spectrum 2 m

1 Frequency Sweep ok v 1 Frequency Sweep

CF 64.0 MHz

0| CF 500.0 MHz 1001 pts ~ 100.0 MHz/ Span 1.0 GHz

— 5 i Ref Laval - i Meas Time SRate 32.0
Spectrum e ; QAnalyzer iz Rec Length

1 2ern Span - |
nag (I/Q) Real @ 1AP Clrw

1 Real/Imag (I/Q) Imag

CF 64.0 MHz 1001 pts 101.0 ps/ | [CF 64.0 MHz 1001 pts

To start a new channel

1. Select the [Mode] key.
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2. In the "Mode" dialog box, select the required application on the "New Channel" tab.
A new tab is displayed for the new channel.

Remote command:

INSTrument:CREate [ :NEW] on page 888/ INSTrument : CREate:DUPLicate

on page 888

To change the application in an active channel

1. Select the tab of the channel you want to change.

2. Select the [Mode] key.

3. Inthe "Mode" dialog box, select the new application to be displayed on the
"Replace Current Channel" tab.
The selected application is displayed in the current channel.

Remote command:

INSTrument:CREate:REPLace on page 889

To close a measurement channel
"B
Select the "Close" icon on the tab of the measurement channel.

The tab is closed, any running measurements are aborted, and all results for that
channel are deleted.

Remote command:

INSTrument:DELete on page 889

4.5.6.2 Laying out the result display with the smartgrid

Measurement results can be evaluated in many different ways, for example graphically,
as summary tables, statistical evaluations etc. Each type of evaluation is displayed in a
separate window in the channel tab. Up to 16 individual windows can be displayed per
channel (i.e. per tab). To arrange the diagrams and tables on the screen, the Rohde &

Schwarz SmartGrid function helps you find the target position simply and quickly.

Principally, the layout of the windows on the screen is based on an underlying grid, the
SmartGrid. However, the SmartGrid is dynamic and flexible, allowing for many different
layout possibilities. The SmartGrid functionality provides the following basic features:

® Windows can be arranged in columns or in rows, or in a combination of both.

® Windows can be arranged in up to four rows and four columns.

® Windows are moved simply by dragging them to a new position on the screen, pos-
sibly changing the layout of the other windows, as well.
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All evaluation methods available for the currently selected measurement are dis-
played as icons in the evaluation bar. If the evaluation bar contains more icons
than can be displayed at once on the screen, it can be scrolled vertically. The same
evaluation method can be displayed in multiple windows simultaneously.

New windows are added by dragging an evaluation icon from the evaluation bar to
the screen. The position of each new window depends on where you drop the eval-
uation icon in relation to the existing windows.

All display configuration actions are only possible in SmartGrid mode. When Smart-
Grid mode is activated, the evaluation bar replaces the current softkey menu dis-
play. When the SmartGrid mode is deactivated again, the previous softkey menu
display is restored.

Background information: the smartgrid prinCiple........ccoooieeiiiiiiiieee, 102
How to activate smartgrid MOde. ........cooiuiiiiiiiiiiiie e 103
How to add a new result WINAOW...........cooiiiiriieeee e 104
How to close a result WINAOW..........cooveiiiiiiiiieee e ee e 104
How to arrange the result WindOWS............uuuiiiiiiniei e 104

Background information: the smartgrid principle

SmartGrid display

During any positioning action, the underlying SmartGrid is displayed. Different colors
and frames indicate the possible new positions. The position in the SmartGrid where
you drop the window determines its position on the screen.

1 Frequency Sweep ® 1Pk Clrw

DS[M] 6828 dB
3.50649 GHz,
MA[1] -25.87 dBm
373501 GHz

.

Diagram

Marker Table

Spectrogram

Marker Fjeak List

Figure 4-32: Moving a window in SmartGrid mode

The brown area indicates the possible "drop area" for the window, i.e. the area in which
the window can be placed. A blue area indicates the (approximate) layout of the win-
dow as it would be if the icon were dropped at the current position. The frames indicate
the possible destinations of the new window with respect to the existing windows:
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above/below, right/left or replacement (as illustrated in Figure 4-33). If an existing win-
dow would be replaced, the drop area is highlighted in a darker color shade.

Positioning the window

The screen can be divided into up to four rows. Each row can be split into up to four
columns, where each row can have a different number of columns. However, rows
always span the entire width of the screen and may not be interrupted by a column. A
single row is available as the drop area for the window in the SmartGrid. The row can
be split into columns, or a new row can be inserted above or below the existing row (if
the maximum of 4 has not yet been reached).

Figure 4-33: SmartGrid window positions

1 = Insert row above or below the existing row
2 = Create a new column in the existing row
3 = Replace a window in the existing row

SmartGrid functions

Once the evaluation icon has been dropped, icons in each window provide delete and
move functions.

The "Move" icon allows you to move the position of the window, possibly changing the
size and position of the other displayed windows.

The "Delete" icon allows you to close the window, enlarging the display of the remain-
ing windows.

How to activate smartgrid mode

All display configuration actions are only possible in SmartGrid mode. In SmartGrid
mode the evaluation bar replaces the current softkey menu display. When the Smart-
Grid mode is deactivated again, the previous softkey menu display is restored.

» To activate SmartGrid mode, do one of the following:
. E
Select the "SmartGrid" icon from the toolbar.
e Select the "Display Config" button in the configuration "Overview".
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e Select the "Display Config" softkey from the [Meas Config] menu.
The SmartGrid functions and the evaluation bar are displayed.

To close the SmartGrid mode and restore the previous softkey menu select the "Close"
icon in the right-hand corner of the toolbar, or press any key.

How to add a new result window
Each type of evaluation is displayed in a separate window. Up to 16 individual windows
can be displayed per channel (i.e. per tab).

1. Activate SmartGrid mode.

All evaluation methods available for the currently selected measurement are dis-
played as icons in the evaluation bar.

2. Select the icon for the required evaluation method from the evaluation bar.
If the evaluation bar contains more icons than can be displayed at once on the
screen, it can be scrolled vertically. Touch the evaluation bar between the icons
and move it up or down until the required icon appears.

3. Drag the required icon from the evaluation bar to the SmartGrid, which is displayed
in the diagram area, and drop it at the required position. (See "How to arrange the
result windows" on page 104 for more information on positioning the window).

Remote command:

LAYout :ADD[ :WINDow] ? on page 1089 / LAYout :WINDow<n>:ADD? on page 1093

How to close a result window

» To close a window, activate SmartGrid mode and select the "Delete" icon for the
window.

Remote command:

LAYout :REMove [ : WINDow] on page 1091/ LAYout : WINDow<n>:REMove
on page 1094

How to arrange the result windows

1. Select an icon from the evaluation bar or the "Move" icon for an existing evaluation
window.
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2. Drag the evaluation over the SmartGrid.
A blue area shows where the window will be placed.

3. Move the window until a suitable area is indicated in blue.

4. Drop the window in the target area.

The windows are rearranged to the selected layout, and "Delete" and "Move" icons
are displayed in each window.

5. To close a window, select the corresponding "Delete" icon.

Remote command:

LAYout :REPLace [ :WINDow] on page 1091/ LAYout :WINDow<n>:REPLace
on page 1095

LAYout :MOVE [ : WINDow] on page 1091

4.5.6.3 Changing the size of windows

Each channel tab may contain several windows to evaluate the measurement results
using different methods. A "splitter" allows you to change the size of neighboring win-
dows.

1 Frequency Sweep

-25.87 dBm X-Value Y-Value
HO 3.73500 GHz 1

: ]
(S s T
CF 3.75 GHz 1001 pts

2 Spectrogram ® 1Pk

1001 pts Span 7.6 GHz Frame # 0
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O The splitters are not available in SmartGrid mode.

» To change the size of two neighboring windows, drag the splitter between the win-
dows in either direction.

4.5.6.4 Switching between a split and maximized window display

To get an overview of the results, displaying several windows at the same time may be
helpful. However, the individual windows may become rather small. In this case it is
useful to maximize an individual window to the entire screen temporarily in order to
analyze the results in more detail.

=

To switch between a split and a maximized display without having to close and re-open
windows, press the [SPLIT/MAXIMIZE] key on the front panel. In maximized display,
the currently focused window is maximized. In split display, all active windows are dis-
played.

Alternatively, double-tap the title bar of a window to maximize it.

4.5.6.5 Changing the display

The display can be optimized for your individual needs. The following display functions
are available and are described in detail in Chapter 11.2, "Display settings",
on page 725 and Chapter 8, "Common analysis and display functions", on page 531.

® Displaying a simulation of the entire front panel of the instrument on the screen
("Front Panel")

® Displaying the main function hardkeys in a separate window on the screen ("Mini
Front Panel")

® Hiding or showing various screen elements

® Selecting a display theme and colors

® (Changing the display update rate

® Activating or deactivating the touch-sensitivity of the screen
® Zooming into the diagram

4.5.7 Getting help

If any questions or problems concerning the R&S FSW arise, an extensive online help
system is provided on the instrument and can be consulted at any time. The help sys-
tem is context-sensitive and provides information specifically for the current operation
or setting to be performed. In addition, general topics provide an overview on complete
tasks or function groups as well as background information.
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The online help can be opened at any time by selecting one of the "Help" icons on the
toolbar or by pressing the [F1] key on an external or the on-screen keyboard.

To call context-sensitive help

» To display the "Help" dialog box for the currently focused screen element, e.g. a
softkey or a setting in an opened dialog box, select the "Help" icon on the toolbar.

4
The "Help" dialog box "View" tab is displayed. A topic containing information about
the focused screen element is displayed.

If no context-specific help topic is available, a more general topic or the "Content”
tab is displayed.

For standard Windows dialog boxes (e.g. File Properties, Print dialog etc.), no context-
sensitive help is available.

To display a help topic for a screen element not currently focused

1. Select the "Help pointer" icon on the toolbar.

Ko

The pointer changes its shape to a "?" and an arrow.
2. Select the screen element to change the focus.

A topic containing information about the selected (now focused) screen element is
displayed.
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5 Applications, measurement channels, and
operating modes

The R&S FSW allows you to perform all sorts of different analysis tasks on different
types of signals, e.g. W-CDMA, 1/Q analysis or basic spectrum analysis. Depending on
the task or type of signal, a different set of measurement functions and parameters are
required. Therefore, the R&S FSW provides various applications - some of which are
included in the base unit, others are optional. The default application when you start
the R&S FSW is "Spectrum", for basic spectrum analysis measurements on any type
of signal.

For each application, a separate measurement channel is created, which determines
the measurement settings for that application. The same application can be activated
with different measurement settings by creating several channels for the same applica-
tion. Each channel is displayed in a separate tab on the screen.

The maximum number of measurement channels may be limited by the available
memory on the instrument.

By default, each application operates independently of the others, measuring and ana-
lyzing its own distinct data. However, the R&S FSW also provides other operating
modes, in which the individual applications are correlated and analyze the same set of
data.

Signal and Spectrum Analyzer Mode

With the conventional R&S FSW Signal and Spectrum Analyzer mode, you can
perform several different measurements almost simultaneously. However, the individ-
ual measurements are independent of each other - each application captures and
evaluates its own set of data, regardless of what the other applications do.

In some cases it may be useful to analyze the exact same input data using different
applications. For example, imagine capturing data from a base station and analyzing
the RF spectrum in the Analog Demodulation application. If a spur or an unexpected
peak occurs, you may want to analyze the same data in the 1/Q Analyzer to see the
real and imaginary components of the signal and thus detect the reason for the irregu-
lar signal. Normally when you switch to a different application, evaluation is performed
on the data that was captured by that application, and not the previous one. In our
example that would mean the irregular signal would be lost. Therefore, a second oper-
ating mode is available in the R&S FSW: Multi-Standard Radio Analyzer (MSRA)
mode.

Multi-Standard Radio Analyzer mode

In Multi-Standard Radio Analyzer (MSRA) mode, data acquisition is performed once
as an I/Q measurement in a primary application, and the captured data is then evalu-
ated by any number of secondary applications for different radio standards. Data
acquisition and global configuration settings are controlled globally, while the evalua-
tion and display settings can be configured individually for each secondary application.
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5.1

Available applications

Using the Multi-Standard Radio Analyzer, unwanted correlations between different sig-
nal components using different transmission standards can be detected. Thus, for
example, an irregularity in a GSM burst can be examined closer in the R&S FSW 3G
FDD BTS (W-CDMA) secondary application to reveal dependencies like a change in
the EVM value.

Multi-Standard Real-Time mode

In order to combine the advantages of the MSRA mode with its correlated measure-
ments and the gapless results and frequency mask provided by real-time measure-
ments, a third operating mode has been introduced: the Multi-Standard Real-Time
(MSRT) mode. This operating mode is only available if one of the real-time options
(R&S FSW-K160RE/-B160R/-B512R/-U160R/-U512R) is installed.

In this operating mode, data acquisition is performed once as a real-time measure-
ment, and the captured data is then evaluated by any number of secondary applica-
tions. Thus, a real-time measurement triggered with a frequency mask can be per-
formed, and the results can be evaluated in the VSA secondary application, for exam-
ple, to detect the cause of a frequency exception.

Distinct operating modes

Although the applications themselves are identical in all operating modes, the handling
of the data between applications is not. Thus, the operating mode determines which
secondary applications are available and active. Whenever you change the operating
mode, the currently active measurement channels are closed. The default operating
mode is Signal and Spectrum Analyzer mode; however, the presetting can be
changed.

Remote command:

INST:MODE SAN, see INSTrument :MODE on page 891

Switching between secondary applications

When you switch to a new secondary application, a set of parameters is passed on
from the current secondary application to the new one:

e center frequency and frequency offset

® reference level and reference level offset

® attenuation

After initial setup, the parameters for the measurement channel are stored upon exiting

and restored upon re-entering the channel. Thus, you can switch between secondary
applications quickly and easily.

Available applications

Access: [MODE]
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Available applications

The R&S FSW provides some applications in the base unit while others are available
only if the corresponding firmware options are installed. Not all R&S FSW applications
are supported in MSRA/MSRT mode.

For details on the MSRT operating mode, see the R&S FSW Real-Time Spectrum
Application and MSRT Operating Mode User Manual.

@ Spectrogram application
Spectrogram measurements are not a separate application, but rather a trace evalua-
tion method, thus they are available as an evaluation method for the Display Configu-
ration, not by creating a new channel. Spectrograms are configured and activated in
the "Trace" settings. See Chapter 8.5.2.1, "Working with spectrograms", on page 621
for details.

@ Trial licenses
The trial license allows you to use further optional applications that require a separate
license from Rohde & Schwarz. It is pre-installed at the factory on request. If enabled,
you can use additional applications for a limited period of time (90 days from factory
installation).

Applications with trial licenses are indicated by a special tag:

Currently, the following options are included in the trial license:

® R&S FSW-KG6: "Pulse Measurements" on page 116

® R&S FSW-K7: "AM/FM/PM Modulation Analysis" on page 113
® R&S FSW-K17: "(Multi-Carrier) Group Delay" on page 114

® R&S FSW-K18: "Amplifier" on page 113

® R&S FSW-K19: Chapter 6.5, "Noise power ratio (NPR) measurement”,
on page 216 (no separate application, part of Spectrum application)

® R&S FSW-K30: "Noise Figure" on page 115
® R&S FSW-K40: "Phase Noise" on page 116
® R&S FSW-K50: "Fast Spur Search" on page 114

® R&S FSW-K54: Chapter 6.13, "Electromagnetic interference (EMI) measurement”,
on page 330 (no separate application, part of Spectrum application)

® R&S FSW-K60: "Transient Analysis" on page 117

® R&S FSW-K70: "Vector Signal Analysis (VSA)" on page 117

® R&S FSW-K96: "Vector Signal Analysis (VSA)" on page 117

® R&S FSW-K544: Chapter 11.5, "Frequency response correction (R&S FSW-
K544)", on page 757 (no separate application, available in several applications)

For more information on the trial license see "Trial license" on page 775.
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Available applications

] 01T o1 (o R TTTRPPRP 111
D Y L@ I = 5 PRSP 111
TXEV-DO M. ettt ettt e e e et e e e e s ettt e e e e e s aba e e e e s aaasaeeeeannaaeeesannaeeas 112
I BB S T PP 112
KT I 5 I | SRR 112
ST N SRS 112
S0 )2 - T SRR 113
o102 B - SR 113
0] 1= SRR 113
AM/FM/PM Modulation ANalYSIS......cc.ouiuiiiiiiiiieie ettt 113
FNY 1] (o1 PP PPPP PRSP 113
odo 0TV 0O = S SR 114
CAMAZ2000 MS..... e e e e s st e e e s ee e e e e r e e e e e e nnre e e e e e nrae e e e e nras 114
Fast SPUIr SEAICN.....oeeeccceee s e e e e e e e e e e e e e e e e e e e e eeaeaens 114
(Multi-Carrier) Group Delay...... ..o e e e 114
€ SR 114
HRP UWB....cci ettt ettt e e et e e e st e e e et e e e e e seanb e e e e s aasaeeeesaannaeeens 114
[/Q ANGIYZET ... e e e e e et e e e e e e e e e e e arae e e e e anreas 115
PSR 115
N1 o SRR 115
NOISE FIGUIE...ceiiiitieeii ettt e et e e st e e e e e e e e e s ee e e e e anees 115
OFDM Vector Signal Analysis (OFDM VSA)......coii it 115
L0 0114 =Y o PSR 115
[ =TSN AN T S 116
PUISE MEASUIEMENTS.....ciiiiiii i e e e e e e e e e e eneeee 116
Real-Time SPECIIUM.......co e e e e e e e e e as 116
TD-SCDMA BT S .. iiiiie ittt ettt e e sttt e e e s st e e e s sastte e e e s sateeeeessasteeeeesssseeeessanreneeessns 116
TD-SCDMA UE...... i ieiii ettt et e e e st ee e e e s st e e e s sssteeeaessseaeeeesnsraneaeeanns 116
TranSIENt ANAIYSIS. .. ..ttt e e e e e e e e e e e e e e eaan 117
Verizon 5GTF Measurement Application (VOGTF)......ocueiiiiiiiiiiieiiee e, 117
Vector Signal ANalySis (VSA). ..t e e s s s e e e e e e e e e e s s e nennnnes 117
LT O RSP 117
D012 1 T T SR 117
Spectrum

In the Spectrum application the provided functions correspond to those of a conven-
tional spectrum analyzer. The analyzer measures the frequency spectrum of the RF
input 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 applica-
tion is used in the initial configuration.

For details see Chapter 6, "Measurements and results", on page 125.

Remote command:
INST:SEL SAN, see INSTrument [ :SELect] on page 892

1xEV-DO BTS

The 1xEV-DO BTS application requires an instrument equipped with the 1xEV-DO BTS
Measurements option, R&S FSW-K84. This application provides test measurements
for 1XEV-DO BTS downlink signals (base station signals) according to the test specifi-
cation.
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Available applications

For details see the R&S FSW-K84/-K85 User Manual.
For details see the R&S FSW-K84 User Manual.

Remote command:
INST:SEL BDO, see INSTrument [ :SELect] on page 892

1xEV-DO MS

The 1XEV-DO MS application requires an instrument equipped with the 1XEV-DO MS
Measurements option, R&S FSW-K85. This application provides test measurements
for 1XEV-DO MS uplink signals (mobile signals) according to the test specification.

For details see the R&S FSW-K84/-K85 User Manual.

Remote command:
INST:SEL MDO, see INSTrument [:SELect] on page 892

3G FDD BTS

The 3G FDD BTS application requires an instrument equipped with the 3GPP Base
Station Measurements option, R&S FSW-K72. This application provides test measure-
ments for W-CDMA downlink signals (base station signals) according to the test speci-
fication.

For details see the R&S FSW-K72/-K73 User Manual.
For details see the R&S FSW-K72 User Manual.

Remote command:
INST:SEL BWCD, see INSTrument [:SELect] on page 892

3G FDD UE

The 3G FDD UE application requires an instrument equipped with the 3GPP User
Equipment Measurements option, R&S FSW-K73. This application provides test mea-
surements for W-CDMA uplink signals (mobile signals) according to the test specifica-
tion.

For details see the R&S FSW-K72/-K73 User Manual.

Remote command:
INST:SEL MWCD, see INSTrument [:SELect] on page 892

5G NR
The 5G NR application requires an instrument equipped with one of the 5G NR Mea-
surements options.

The R&S FSW-K144 application provides 5G NR measurements on the downlink.
The R&S FSW-K145 application provides 5G NR measurements on the uplink.

For details see the user manuals for the 5G NR downlink and uplink measurement
application.

Remote command:
INST:SEL NR5G, see INSTrument [:SELect] on page 892
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802.11ad

The 802.11ad application requires an instrument equipped with the 802.11ad option,
R&S FSW-K95. This application provides measurements and evaluations according to
the IEEE 802.11 ad standard.

For details see the R&S FSW-K95/-K97 User Manual.

Remote command:
INST:SEL WIGIG, see INSTrument [:SELect] on page 892

802.11ay

The 802.11ay application requires an instrument equipped with the 802.11ay option,
R&S FSW-K97. This application provides measurements and evaluations according to
the IEEE 802.11 ay standard.

For details see the R&S FSW-K95/-K97 User Manual.

Remote command:
INST:SEL EDMG, See INSTrument [:SELect] on page 892

Amplifier

The Amplifier Measurement application requires an instrument equipped with the
Amplifier Measurement option R&S FSW-K18. This application provides measure-
ments to measure the efficiency of traditional amplifiers and amplifiers that support
envelope tracking with the R&S FSW.

Also available is option R&S FSW-K18D, which provides direct DPD functionality.

For details see the R&S FSW-K18 User Manual (also contains information about
R&S FSW-K18D.

Remote command:
INST:SEL AMPL, see INSTrument [:SELect] on page 892

AM/FM/PM Modulation Analysis

The AM/FM/PM Modulation Analysis application requires an instrument equipped with
the corresponding optional software. This application provides measurement functions
for demodulating AM, FM, or PM signals.

For details see the R&S FSW-K7 User Manual.

Remote command:
INST:SEL ADEM, see INSTrument [:SELect] on page 892

Avionics

The Avionics application requires an instrument equipped with the corresponding
optional software. This application provides measurement functions for measuring
avionics (ILS/VOR) signals.

For details see the R&S FSW-K15 User Manual.

Remote command:
INST:SEL AVIONICS, see INSTrument [:SELect] on page 892
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cdma2000 BTS

The cdma2000 BTS application requires an instrument equipped with the cdma2000
BTS Measurements option, R&S FSW-K82. This application provides test measure-
ments for cdma2000 BTS downlink signals (base station signals) according to the test
specification.

For details see the R&S FSW-K82/-K83 User Manual.
For details see the R&S FSW-K82 User Manual.

Remote command:
INST:SEL BC2K, see INSTrument [:SELect] on page 892

cdma2000 MS

The cdma2000 MS application requires an instrument equipped with the cdma2000
MS Measurements option, R&S FSW-K83. This application provides test measure-
ments for cdma2000 MS uplink signals (mobile signals) according to the test specifica-
tion.

For details see the R&S FSW-K82/-K83 User Manual.

Remote command:
INST:SEL MC2K, see INSTrument [:SELect] on page 892

Fast Spur Search

The Fast Spur Search application requires an instrument equipped with the Fast Spur
Search option, R&S FSW-K50. This application provides measurements and evalua-
tions for spurious signal effects.

For details see the R&S FSW-K50 User Manual.

Remote command:
INST:SEL SPUR, see INSTrument [:SELect] on page 892

(Multi-Carrier) Group Delay

The Group Delay application requires an instrument equipped with the Multi-Carrier
Group Delay Measurements option R&S FSW-K17. This application provides a Multi-
Carrier Group Delay measurement.

For details see the R&S FSW-K17 User Manual.

Remote command:
INST:SEL MCGD, see INSTrument [:SELect] on page 892

GSM
The GSM application requires an instrument equipped with the GSM Measurements
option R&S FSW-K10. This application provides GSM measurements.

For details see the R&S FSW-K10 User Manual.

Remote command:
INST:SEL GSM, see INSTrument [ : SELect] on page 892

HRP UWB

The HRP UWB application requires an instrument equipped with the HRP UWB Mea-
surements option R&S FSW-K149. This application provides HRP UWB measure-
ments.
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For details see the R&S FSW-K149 User Manual.

Remote command:
INST:SEL UWB, see INSTrument [:SELect] on page 892

1/Q Analyzer
The 1/Q Analyzer application provides measurement and display functions for 1/Q data.

For details see the R&S FSW 1/Q Analyzer User Manual.

Remote command:
INST:SEL IQ,see INSTrument[:SELect] on page 892

LTE
The LTE application requires an instrument equipped with the LTE Measurements
option R&S FSW-K10x. This application provides LTE measurements.

For details see the user manuals for the LTE downlink and uplink measurement appli-
cation.

Remote command:
INST:SEL LTE, See INSTrument [:SELect] on page 892

NB-loT

The NB-loT application requires an instrument equipped with the NB-loT measure-
ments option R&S FSW-K106. This application provides NB-loT measurements in the
downlink.

For details see the R&S FSW-K106 (NB-loT Downlink) User Manual.

Remote command:
INST:SEL NIOT, see INSTrument[:SELect] on page 892

Noise Figure

The Noise Figure application requires an instrument equipped with the Noise Figure
Measurements option R&S FSW-K30. This application provides noise figure measure-
ments.

For details see the R&S FSW-K30 User Manual.

Remote command:
INST:SEL NOISE, see INSTrument [:SELect] on page 892

OFDM Vector Signal Analysis (OFDM VSA)

The OFDM VSA application requires the OFDM Vector Signal Analysis option,

R&S FSW-K96, to be installed. This application provides measurements and evalua-
tions for OFDM Vector Signal Analysis.

For details see the R&S FSW-K96 User Manual.

Remote command:
INST:SEL OFDMVSA, see INSTrument [:SELect] on page 892

OneWeb

The OneWeb application requires an instrument equipped with the OneWeb measure-
ments option R&S FSW-K201. This application provides OneWeb reverse link mea-
surements.
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Available applications

For details see the R&S FSW-K201 (OneWeb Reverse Link Measurements) User Man-
ual.

Remote command:
INST:SEL OWEB, see INSTrument [:SELect] on page 892

Phase Noise

The Phase Noise application requires an instrument equipped with the Phase Noise
Measurements option, R&S FSW-K40. This application provides measurements for
phase noise tests.

For details see the R&S FSW-K40 User Manual.

Remote command:
INST:SEL PNOISE, see INSTrument [:SELect] on page 892

Pulse Measurements

The Pulse application requires an instrument equipped with the Pulse Measurements
option, R&S FSW-K6. This application provides measurement functions for pulsed sig-
nals.

For details see the R&S FSW-K6 User Manual.

Remote command:
INST:SEL PULSE, see INSTrument [:SELect] on page 892

Real-Time Spectrum

The Real-Time Spectrum application requires an instrument equipped with the Real-
Time Spectrum option, (R&S FSW-B160R/-K160RE/-U160R). This application provides
real-time measurement functions.

For details see the R&S FSW Real-Time User Manual.

Remote command:
INST:SEL RTIM, see INSTrument [:SELect] on page 892

TD-SCDMA BTS

The TD-SCDMA BTS application requires an instrument equipped with the TD-SCDMA
Base Station Measurements option, R&S FSW-K76. This application provides test
measurements for TD-SCDMA downlink signals (base station signals) according to the
test specification.

For details see the R&S FSW-K76/-K77 User Manual.
For details see the R&S FSW-K76 User Manual.

Remote command:
INST:SEL BTDS, see INSTrument [:SELect] on page 892

TD-SCDMA UE

The TD-SCDMA UE application requires an instrument equipped with the TD-SCDMA
User Equipment Measurements option, R&S FSW-K77. This application provides test
measurements for TD-SCDMA uplink signals (mobile signals) according to the test
specification.

For details see the R&S FSW-K76/-K77 User Manual.
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Available applications

Remote command:
INST:SEL MTDS, see INSTrument [:SELect] on page 892

Transient Analysis

The Transient Analysis application requires an instrument equipped with the Transient
Analysis option, R&S FSW-KG60. This application provides measurements and evalua-
tions for Transient Analysis.

For details see the R&S FSW-K60 User Manual.

Remote command:
INST:SEL TA, see INSTrument[:SELect] on page 892

Verizon 5GTF Measurement Application (V5GTF)

The Verizon 5GTF measurement application requires an instrument equipped with the
V5GTF option, R&S FSW-K118/K119. This application provides measurements and
evaluations for uplink and downlink signals according to the Verizon 5G technical
forum (TS V5G.211 standard).

For details see the R&S FSW-K118/-K119 User Manual.

Remote command:
INST:SEL V5GT, see INSTrument [:SELect] on page 892

Vector Signal Analysis (VSA)

The VSA application requires an instrument equipped with the Vector Signal Analysis
option, R&S FSW-K70. This application provides measurements and evaluations for
single-carrier digitally modulated signals.

For details see the R&S FSW-K70 User Manual.

Remote command:
INST:SEL DDEM, see INSTrument [:SELect] on page 892

WLAN

The WLAN application requires an instrument equipped with the WLAN option,

R&S FSW-K91/91n. This application provides measurements and evaluations accord-
ing to the WLAN IEEE 802.11 standards.

For details see the R&S FSW-K91 User Manual.

Remote command:
INST:SEL WLAN, see INSTrument [:SELect] on page 892

DOCSIS 3.1

The DOCSIS 3.1 application requires an instrument equipped with the DOCSIS 3.1
option, R&S FSW-K192. This application provides measurements and evaluations
according to the DOCSIS 3.1 standard.

For details see the R&S FSW-K192 User Manual.

Remote command:
INST:SEL DOCS, see INSTrument [:SELect] on page 892
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Selecting the operating mode and applications

5.2 R&S multiview

Each application is displayed in a separate tab. An additional tab ("MultiView") provides
an overview of all currently active channels at a glance. In the "MultiView" tab, each
individual window contains its own channel bar with an additional button. Select this
button to switch to the corresponding channel display quickly.

MultiView =8 Spectrum X  Spectrum 2 X  Spectrum 3 X IQ Analyzer
Ref Level 0.00 dBrm Y = RefLevel 0
Spectrum B O S m Spectrum 2

1 Frequency Sweep 1 Frequency Sweep

lomduiibartphprnpary

AR L 12.8 MHz/ Span 126.0 MHz
2 Spectrogram e iF "

o

G DR ifie R R 5 2 ! ! bl I
CF 64. CF 500.0 MHz 1001 pts 100.0 MHz/

ul iz Ref Levs B m Meas Time 3
SREEU S h v v 1QAnalyzer ., B Freq 64.0 MHz _Rec Length

1 Zero Span YIG s
1 Real/Imag (1/Q) Real

1 Real/Imaa (I/0) Imaq

101.0 psf | CF64.0 MHz

Remote command:

DISPlay:FORMat on page 1088

5.3 Selecting the operating mode and applications

Access: [MODE]

The default operating mode is Signal and Spectrum Analyzer mode, however, the pre-
setting can be changed.

See "Preset Mode" on page 782.
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Selecting the operating mode and applications

Signal + Spectrum Analyzer Multi-Standard Radio Analyzer

New #l% spectrum il 1xEV-DO BTS BE 1xEV-DOMS
Channel

802.11ad 802.11ay Amplifier

Replace
Current
Channel

The default application in Signal and Spectrum Analyzer mode is a Spectrum measure-
ment.

Optional applications require additional licenses. The application selection in the
"Mode" dialog box depends on which licenses are available. If the predefined number
of available licenses for a particular option are currently occupied by other users, you
cannot open a further instance of the optional application until a license is returned.
Per option, you only require a single license for any number of channels.

For more information, see Chapter 11.7.2, "Licensing, versions and options",
on page 774.

Switching between applications

When you switch to a new application, a set of parameters is passed on from the cur-
rent application to the new one:

e center frequency and frequency offset

e reference level and reference level offset

® attenuation

After initial setup, the parameters for the measurement channel are stored upon exiting

and restored upon re-entering the channel. Thus, you can switch between applications
quickly and easily.

Switching the operating MOode..........cooo i 119
Selecting an appPliCatiON......ceiiii i 120
L NEW ChaNNEL......ovceiececeeeceeeeeeeeteee et e et nenen e 120
L Replace CUrrent ChanNEL..........cccoucueeeeeeeeeeeeeeeee e ee e en e 120
L Duplicate CUrrent ChanNEL..........ccoueueeeeeeeeeeeeee e eeeeeee e er e e 120
Closing an apPliCatioN......ooe e 120

Switching the operating mode
To switch the operating mode, select the corresponding tab.

Remote command:
INSTrument :MODE on page 891

User Manual 1173.9411.02 — 51 119



R&S®FSW

Applications, measurement channels, and operating modes

5.4

Running a sequence of measurements

Selecting an application
To start a new or replace an existing application, select the corresponding button in the
correct tab.

Note: The measurement channels are labeled with their default name. If that name
already exists, a sequential number is added. You can change the name of the mea-
surement channel by double-tapping the name in the channel bar and entering a new
name.

For an overview of default names see TNSTrument:LIST? on page 890.

Remote command:
INSTrument [:SELect] on page 892

New Channel — Selecting an application
The applications selected on this tab are started in a new measurement channel, i.e. a
new tab in the display.

Remote command:
INSTrument:CREate[:NEW] on page 888
INSTrument [:SELect] on page 892

Replace Current Channel < Selecting an application
The applications selected on this tab are started in the currently displayed measure-
ment channel, replacing the current application.

Remote command:
INSTrument :CREate:REPLace on page 889

Duplicate Current Channel < Selecting an application

The currently active channel can be duplicated, i.e. a new channel of the same type
and with the identical measurement settings is started. The name of the new channel is
the same as the copied channel, extended by a consecutive number (e.g. "Spectrum"” -
> "Spectrum 2").

This command is not available if the MSRA primary channel is selected.

Remote command:
INSTrument:CREate:DUPLicate on page 888

Closing an application
To close an application, simply close the corresponding tab by selecting the "x" next to
the channel name.

Remote command:
INSTrument :DELete on page 889

Running a sequence of measurements

Only one measurement can be performed at any time, namely the one in the currently
active channel. However, in order to perform the configured measurements consecu-
tively, a Sequencer function is provided.
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Running a sequence of measurements

The Sequencer function is slightly different in MSRA or MSRT operating mode. For
details see the R&S FSW MSRA User Manual or the R&S FSW Real-Time Spectrum
Application and MSRT Operating Mode User Manual.

L I N o TR T=To [ =T o Tt =T i oo Lo Y o | R 121
L IS 1Yo (01T o Lot Y= 11 o [ PRSP 123
o How to Set UP the SEQUENCET.......u i e e e e e e 124

The sequencer concept

The instrument can only activate one specific channel at any time. Thus, only one
measurement can be performed at any time, namely the one in the currently active
channel. However, in order to perform the configured measurements consecutively, a
Sequencer function is provided, which changes the channel of the instrument as
required. If activated, the measurements configured in the currently defined "Channel"s
are performed one after the other in the order of the tabs.

For each individual measurement, the sweep count is considered. Thus, each mea-
surement may consist of several sweeps. The currently active measurement is indica-
ted by a €8 symbol in the tab label.

The result displays of the individual channels are updated in the tabs as the measure-
ments are performed. Sequential operation itself is independent of the currently dis-
played tab.

Sequencer modes
Three different Sequencer modes are available:

® Single Sequence
Similar to single sweep mode; each measurement is performed once, until all mea-
surements in all defined "Channel"s have been performed.

® Continuous Sequence
Similar to continuous sweep mode; the measurements in each defined "Channel"
are performed one after the other, repeatedly, in the same order, until sequential
operation is stopped. This is the default Sequencer mode.

® Channel-defined Sequence
First, a single sequence is performed. Then, only "Channel"s in continuous sweep
mode are repeated continuously.
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Example: Sequencer procedure
Assume the following active channel definition:

MultiView &8 Spectrum X  Spectrum 2 X  Spectrum 3 X  IQ Analyzer

Ref Level B rn REBW 1z s " 2 Ref Level O
A B SWT 1,01 ms YBW pectrum Att
1 Frequency Sweep + | 1 Frequency Sweep

Spectrum

gl iy 1

12.8 MHz/ Span 128.0 MHz

1001 pts 100.0 MHz/
RefLavel Maas Tin

B Freq 64.0 MHz Rec Langth

Spectrum 3 o . 1Q Analyzer i

1 Zero Span v s
i ag (1/Q) Real

1 Real/Imaa {I/0) Imaa

CF 64.0 MHz 1001 pts 101.0 us/ | CF64.0 MHz 1001 pts

Tab name Application Sweep mode Sweep count
Spectrum Spectrum Cont. Sweep 5
Spectrum 2 Spectrum Single Sweep 6
Spectrum 3 Spectrum Cont. Sweep 2
1Q Analyzer 1Q Analyzer Single Sweep 7

For Single Sequence, the following sweeps will be performed:

5x Spectrum, 6x Spectrum 2, 2 x Spectrum 3, 7x 1Q Analyzer

For Continuous Sequence, the following sweeps will be performed:
5x Spectrum, 6x Spectrum 2, 2 x Spectrum 3, 7x 1Q Analyzer,

5x Spectrum, 6x Spectrum 2, 2 x Spectrum 3, 7x 1Q Analyzer,

For Channel-defined Sequence, the following sweeps will be performed:
5x Spectrum, 6x Spectrum 2, 2 x Spectrum 3, 7x 1Q Analyzer,

5x Spectrum, 2 x Spectrum 3,

5x Spectrum, 2 x Spectrum 3,

Run Single/Run Cont and Single Sweep/Sweep Continuous keys

While the Sequencer is active, the [Run Single] and [Run Cont] keys control the
Sequencer, not individual sweeps. [Run Single] starts the Sequencer in single mode,
while [Run Cont] starts the Sequencer in continuous mode.
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The "Single Sweep" and "Continuous Sweep"softkeys control the sweep mode for the
currently selected channel only; the sweep mode only has an effect the next time the
Sequencer activates that channel, and only for a channel-defined sequence. In this
case, a channel in single sweep mode is swept only once by the Sequencer. A channel
in continuous sweep mode is swept repeatedly.

Sequencer settings

The "Sequencer" menu is available from the toolbar.

Sequencer in MSRA/MSRT mode

In MSRA/MSRT operating mode and in the Real-Time Spectrum Application, the
Sequencer behaves slightly differently.

For details on the MSRA operating mode see the R&S FSW MSRA User Manual. For
details on the MSRT operating mode and the Real-Time Spectrum application see the
R&S FSW Real-Time Spectrum Application and MSRT Operating Mode User Manual.

S T=To U= g TeT= ] = (= T SRR 123
SEQUENCEI MOUE.......cco ottt e e e e e e aaaaaaeans 123

Sequencer State
Activates or deactivates the Sequencer. If activated, sequential operation according to
the selected Sequencer mode is started immediately.

Remote command:

SYSTem:SEQuencer on page 895
INITiate:SEQuencer:IMMediate on page 894
INITiate:SEQuencer:ABORt on page 894

Sequencer Mode

Defines how often which measurements are performed. The currently selected mode
softkey is highlighted blue. During an active Sequencer process, the selected mode
softkey is highlighted orange.

"Single Sequence"
Each measurement is performed once, until all measurements in all
active channels have been performed.

"Continuous Sequence"
The measurements in each active channel are performed one after
the other, repeatedly, in the same order, until sequential operation is
stopped.
This is the default Sequencer mode.

"Channel Defined Sequence”
First, a single sequence is performed. Then, only channels in continu-
ous sweep mode are repeated.
Channel-defined sequence is not available in Multi-Standard Real-
Time (MSRT) operating mode.
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Remote command:
INITiate:SEQuencer :MODE on page 894

5.4.3 How to set up the sequencer

In order to perform the configured measurements consecutively, a Sequencer function
is provided.

1.

Configure a channel for each measurement configuration as required, including the
sweep mode.

In the toolbar, select the "Sequencer” icon.

The "Sequencer” menu is displayed.

Toggle the "Sequencer" softkey to "On".

A continuous sequence is started immediately.

To change the Sequencer mode and start a new sequence immediately, select the
corresponding mode softkey, or press the [Run Single] or [Run Cont] key.

The measurements configured in the currently active channels are performed one
after the other in the order of the tabs until the Sequencer is stopped.

The result displays in the individual channels are updated as the measurements
are performed.

To stop the sequencer

» To stop the Sequencer temporarily, press the highlighted [Run Single] or [Run

Cont] key (not for a channel-defined sequence). To continue the Sequencer, press
the key again.

To stop the Sequencer permanently, select the "Sequencer"” icon in the toolbar and
toggle the "Sequencer" softkey to "Off".
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6 Measurements and results

Access: "Overview" > "Select Measurement"
Or: [MEAS]

In the Spectrum application, the R&S FSW provides a variety of different measurement
functions.

® Basic measurements - measure the spectrum of your signal or watch your signal
in time domain

® Power measurements - calculate the powers involved in modulated carrier signals

® Emission measurements - detect unwanted signal emission

® Statistic measurements - evaluate the spectral distribution of the signal

® Special measurements - provide characteristic values of the signal

® EMI measurements - detect electromagnetic interference in the signal

The individual functions are described in detail in the following chapters.

@ Trial licenses
The trial license allows you to use further optional measurements that require a sepa-
rate license from Rohde & Schwarz. It is pre-installed at the factory on request. If
enabled, you can use additional measurements for a limited period of time (90 days
from factory installation).

Measurements with trial licenses are indicated by a special tag:

Currently, the following measurements are included in the trial license:

® R&S FSW-K19: Chapter 6.5, "Noise power ratio (NPR) measurement”,
on page 216

® R&S FSW-K54: Chapter 6.13, "Electromagnetic interference (EMI) measurement”,
on page 330

For more information on the trial license see "Trial license" on page 775.

The measurement function determines which settings, functions and evaluation meth-
ods are available in the R&S FSW. The various measurement functions are described
in detail here.

When you select a measurement function, the measurement is started with its default
settings immediately and the corresponding measurement configuration menu is dis-
played. The measurement configuration menu can be displayed at any time by press-
ing the [MEAS CONFIG] key.

The easiest way to configure measurements is using the configuration "Overview", see
Chapter 7.1, "Configuration overview", on page 357.

User Manual 1173.9411.02 — 51 125



R&S®FSW Measurements and results

6.1

Basic measurements

In addition to the measurement-specific parameters, the general parameters can be
configured as usual, see Chapter 7, "Common measurement settings", on page 357.
Many measurement functions provide special result displays or evaluation methods;
however, in most cases the general evaluation methods are also available, see Chap-
ter 8, "Common analysis and display functions", on page 531.

After a preset, and when all other functions are switched off ("All Functions Off" in the
"Select Measurement” dialog) the R&S FSW performs a basic frequency sweep.

The remote commands required to retrieve measurement results are described in
Chapter 13.8.2.4, "Retrieving trace results", on page 1243.

Measurements on I/Q-based data

The 1/Q Analyzer secondary application (not primary) in MSRA mode can also perform
measurements on the captured 1/Q data in the time and frequency domain.

The measurements are configured using the same settings as described here for the
Spectrum application.

The results, however, may differ slightly as hardware settings are not adapted automat-
ically as for the Spectrum application. Additionally, the analysis interval used for the
measurement is indicated as in all MSRA applications.

For more information see the R&S FSW MSRA User Manual.

BasiC MeEASUIEMENTS. ... 126
Channel power and adjacent-channel power (ACLR) measurement.................... 147
Carrier-to-n0iSe MeEASUIrEMENTS. ... ..iii i e e e e 206
Occupied bandwidth measurement (OBW)........oocuiiiiiiiiiiiiiiiee e 210
Noise power ratio (NPR) measurement..........cccoouiiiiiiiiiiiniiee e 216
Spectrum emission mask (SEM) measurement...........ccccceeeeeeeeeeiiicccciviinnneeeee e, 233
Spurious emisSiONS MEASUMEMENT.........cccccciiiiiieieeee e e e e e ceccrrrrrre e e e e e e e e e sennrreeeeees 278
Statistical measurements (APD, CCDF).......uuuiiiiiiiieiee e 291
Time domain power MeasUremMENt...........ooiiiiiiiiiiiiiiiccrere e e e e e e e e e e e e e e eeeeeeeeeeaens 306
Harmonic distortion measurement....... ... 311
Third order intercept (TOI) MeaSUremMEeNt........oc.uuiiiiiiiiiiii e 317
AM modulation depth measurement.............oooviieiiiiiiiiiicrrre e 327
Electromagnetic interference (EMI) measurement...........ccccceeveeeeeieeiccccnivnnneenennn. 330

Basic measurements

Basic measurements are common sweeps in the time or frequency domain which pro-
vide an overview of the basic input signal characteristics.

If no other measurement function is selected, or if all measurement functions are
switched off, the R&S FSW performs a basic frequency or time sweep.

After a preset, a frequency sweep is performed.

Use the general measurement settings to configure the measurement, e.g. via the
"Overview" (see Chapter 7, "Common measurement settings", on page 357).
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6.1.1 Basic measurement types
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Frequency Sweep

A common frequency sweep of the input signal over a specified span. Can be used for
general purposes to obtain basic measurement results such as peak levels and spec-
trum traces. The "Frequency" menu is displayed. This is the default measurement if no
other function is selected.

Various other measurements are based on the common frequency sweep, but require
additional configuration of sweep spans or amplitude limits, for example.

Examples for frequency sweep measurements are:
Adjacent channel power (ACP)
Carrier-to-noise (C/N)

Occupied bandwidth (OBW)

Noise power ratio (NPR)

Spectrum emission mask (SEM)

Spurious emissions

Third order intercept (TOI)

AM modulation depth

Electromagnetic interference (EMI)

Use the general measurement settings to configure the measurement, e.g. via the
"Overview" (see Chapter 7, "Common measurement settings”, on page 357).

Remote command:

[SENSe: ] FREQuency:STARt on page 1180, [SENSe: ] FREQuency:STOP
on page 1181

INITiate<n>[:IMMediate] on page 900

INITiate<n>:CONTinuous on page 899

Zero Span

A sweep in the time domain at the specified (center) frequency, i.e. the frequency span
is set to zero. The display shows the time on the x-axis and the signal level on the y-
axis, as on an oscilloscope. On the time axis, the grid lines correspond to 1/10 of the
current sweep time.

Use the general measurement settings to configure the measurement, e.g. via the
"Overview" (see Chapter 7, "Common measurement settings”, on page 357).

Most result evaluations can also be used for zero span measurements, although some
functions (e.g. markers) may work slightly differently and some may not be available. If
so, this will be indicated in the function descriptions (see Chapter 8, "Common analysis
and display functions", on page 531).

Remote command:

[SENSe: ] FREQuency: SPAN on page 1180
INITiate<n>[:IMMediate] on page 900
INITiate<n>:CONTinuous on page 899
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All Functions Off
Switches off all measurement functions and returns to a basic frequency sweep.

Selecting "Frequency Sweep" has the same effect.

6.1.2 How to perform a basic sweep measurement

The following step-by-step instructions demonstrate how to perform basic sweep mea-
surements.

o For remote operation, see Chapter 13.16.1, "Programming example: performing a
= basic frequency sweep", on page 1518.

To perform one or more single sweeps

1. Configure the frequency and span to be measured ("Frequency" dialog box, see
Chapter 7.3, "Frequency and span configuration”, on page 466).

2. Configure the number of sweeps to be performed in a single measurement
("Sweep Config" dialog box, see "Sweep/Average Count" on page 498).

3. If necessary, configure how the signal is processed internally ("Bandwidth" dialog
box, see "Sweep Type" on page 500).

4. If necessary, configure a trigger for the measurement ("Trigger/ Gate Config" dialog
box, see Chapter 7.6, "Trigger and gate configuration”, on page 504).

5. Define how the results are evaluated for display ("Trace" dialog box, see Chap-
ter 8.5.1.2, "Trace settings", on page 615).

6. If necessary, configure the vertical axis of the display ("Amplitude" dialog box, see
Chapter 7.4, "Amplitude and vertical axis configuration", on page 474).
7. To start the measurement, select one of the following:

e [RUN SINGLE] key
e "Single Sweep" softkey in the "Sweep" menu

The defined number of sweeps are performed, then the measurement is stopped.
While the measurement is running, the [RUN SINGLE] key is highlighted. To abort
the measurement, press the [RUN SINGLE] key again. The key is no longer high-
lighted. The results are not deleted until a new measurement is started.

8. To repeat the same number of sweeps without deleting the last trace, select the
"Continue Single Sweep" softkey in the "Sweep" menu.
To start continuous sweeping

1. If you want to average the trace or search for a maximum over more (or less) than
10 sweeps, configure the "Sweep/Average Count" ("Sweep Config" dialog box, see
"Sweep/Average Count" on page 498).

2. To start the measurement, select one of the following:
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e [RUN CONT] key
e "Continuous Sweep" softkey in the "Sweep" menu

After each sweep is completed, a new one is started automatically. While the mea-
surement is running, the [RUN CONT] key is highlighted. To stop the measure-
ment, press the [RUN CONT] key again. The key is no longer highlighted. The
results are not deleted until a new measurement is started.

6.1.3 Measurement examples - measuring a sinusoidal signal

One of the most common measurement tasks that can be handled using a signal ana-
lyzer is determining the level and frequency of a signal. When measuring an unknown
signal, you can usually start with the presettings.

Test setup

1. Configure the signal generator (e.g. R&S SMW):

e Frequency: 128 MHz
e Level:-30 dBm

2. NOTICE! Signal levels exceeding 30 dBm can damage the RF attenuator or the
input mixer. When calculating the expected power level, consider the total power of
all occuring signals.

If you measure signals higher than +30 dBm (=1 W), insert a power attenuator
before the RF input of the analyzer.

3. Connect the RF output of the signal generator to the RF input of the R&S FSW.

Measuring the level and frequency using Markers.........cccocececeeieiiieieieeeeeeeeeeeeeeeees 129
Measuring the signal frequency using the signal counter............cccoeeeiiniiineneen. 131

6.1.3.1 Measuring the level and frequency using markers

The level and frequency of a sinusoidal signal can be measured easily using the
marker function. The R&S FSW always displays its amplitude and frequency at the
marker position. The frequency measurement uncertainty is determined by the refer-
ence frequency of the R&S FSW, the resolution of the marker frequency display and
the number of sweep points.

1. Select [PRESET] to reset the instrument.

2. Connect the signal to be measured to the "RF INPUT" connector on the R&S FSW.
3. Set the center frequency to 128 MHz.

4. Reduce the frequency span to 7 MHz.

Note: Coupled settings. When the frequency span is defined, the resolution band-
width, the video bandwidth and the sweep time are automatically adjusted,
because these functions are defined as coupled functions in the presettings.
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5. Select [MKR] to activate marker 1 and automatically set it to the maximum of the
trace.

The level and frequency values measured by the marker are displayed in the
marker information at the top of the display.

Note: Performing a peak search. When a marker is initially activated, it automati-
cally performs the peak search function (as shown in the example).

If a marker was already active, select the [Peak Search] key or the "Peak" softkey
in the [MKR >] menu in order to set the currently active marker to the maximum of
the displayed signal.

Increasing the frequency resolution

The frequency resolution of the marker is determined by the resolution of the trace. A
trace consists of 1001 trace points, i.e. if the frequency span is 1 MHz, each trace point
represents a span of approximately 1 kHz. This corresponds to a maximum uncertainty
of +/- 0.5 kHz.

You can increase the resolution of the trace by reducing the frequency span.

Reducing the frequency span to 10 kHz
» Reduce the frequency span to 10 kHz.

The resolution of the trace is now approximately 10 Hz (10 kHz span / 1001 trace
points), thus, the precision of the marker frequency display increases to approxi-
mately £5 Hz.

Setting the reference level

The reference level is the level at the upper limit of the diagram. To achieve the widest
dynamic range possible for a spectrum measurement, use the entire level span of the
R&S FSW. In other words, the highest level that occurs in the signal should be located
at the top edge of the diagram ( = reference level) or immediately below it.

@ Low Reference Levels
If the selected reference level is lower than the highest signal that occurs in the spec-
trum, the signal path in the R&S FSW is overloaded.

In this case, the message "IFOVL" is displayed in the error message field.

In the presettings, the value of the reference level is 0 dBm. If the input signal is

-30 dBm, the reference level can be reduced by 30 dB without causing the signal path
to be overloaded.

Reducing the reference level by 30 dB

» Set the reference level to -30 dBm.

The maximum of the trace is near the maximum of the measurement diagram. The
increase in the displayed noise is not substantial. Thus, the distance between the
signal maximum and the noise display (=dynamic range) has increased.
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Setting the reference level with the help of a marker

You can also use a marker to shift the maximum value of the trace directly to the top
edge of the diagram. If the marker is located at the maximum level of the trace (as in
this example), the reference level can be moved to the marker level as follows:

1. Press the [MKR ->] key.
2. Select "Ref Lvl = Mkr LvI".

The reference level is set to the current marker level.

6.1.3.2 Measuring the signal frequency using the signal counter

The built-in signal counter allows you to measure the frequency more accurately than
measuring it with the marker. The frequency sweep is stopped at the marker, and the
R&S FSW measures the frequency of the signal at the marker position (see also Chap-
ter 8.3.4.1, "Precise frequency (signal count) marker", on page 563).

In the following example, the frequency of the generator at 128 MHz is shown using
the marker.

Prerequisite

Precise frequency measurements require a precise reference frequency. Therefore, an
external reference frequency from the signal generator is used. Connect the signal
generator's "Ref OUT" connector to the analyzer's "Ref IN" connector.

1. Select [PRESET] to reset the instrument.

2. Set the center frequency to 128 MHz.

3. Set the frequency span to 7 MHz.
4

Select "Setup" > "Reference" > "External Reference 10 MHZz" to activate the exter-
nal reference frequency.

5. Select [MKR] to activate marker 1 and automatically set it to the maximum of the
trace.

The level and the frequency of the marker are displayed in the marker results in the
diagram or the marker table.

6. Select [MKR FUNC] > "Signal Count" to activate the signal counter.

The result of the signal counter is displayed in the marker results.

7. If necessary, increase the resolution of the signal counter by selecting "Signal
Count Resolution" (in the "Signal Count" menu).
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@ Prerequisites for using the internal signal counter

In order to obtain a correct result when measuring the frequency with the internal sig-
nal counter, an RF sinusoidal signal or a spectral line must be available. The marker
must be located more than 25 dB above the noise level to ensure that the specified
measurement accuracy is adhered to.

6.1.4 Measurement example — measuring levels at low S/N ratios

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

The displayed noise level of a signal analyzer depends on its noise figure, the selected
RF attenuation, the selected reference level, the selected resolution and video band-
width and the detector.

For details see:

® Chapter 7.4.1.2, "RF attenuation”, on page 476

® (Chapter 7.4.1.1, "Reference level", on page 475

® Chapter 7.5.1.1, "Separating signals by selecting an appropriate resolution band-
width", on page 488

® Chapter 7.5.1.2, "Smoothing the trace using the video bandwidth", on page 489
® "Mapping samples to sweep points with the trace detector" on page 606

This measurement example shows the different factors influencing the S/N ratio.
Table 6-1: Signal generator settings (e.g. R&S SMW)

Frequency 128 MHz

Level -95 dBm

1. Preset the R&S FSW.
Set the center frequency to 128 MHz.
Set the span to 700 MHz.

w0 N

Set the reference level to -30 dBm.

The signal is measured with the auto peak detector and is completely hidden in the
intrinsic noise of the R&S FSW.

User Manual 1173.9411.02 — 51 132



R&S®FSW Measurements and results

Basic measurements

MultiView =2 Spectrum
Ref Level -3 171 RBW 1 MHz

Att 0dB SWT 1.01 ms VBW 1 MHz
1 Frequency Sweep

i ﬂﬂ A

CF 128.0 MHz 1001 pts Span 100.0 MHz

Figure 6-1: Sine wave signal with low S/N ratio

5. To suppress noise spikes, average the trace. In the "Traces" configuration dialog,
set the "Trace Mode" to "Average" (see "Trace Mode" on page 616).

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

MultiView Spectrum

Ref Level -3 n RBW 1 MHz

Att OdB SWT 1.0l ms VBW 1MHz Mode A
1 Frequency Sweep

I
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CF 128.0 MHz 1001 pts Span 100.0 MHz

Figure 6-2: RF sine wave signal with low S/N ratio with an averaged trace
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6. Instead of trace averaging, you can select a video filter that is narrower than the
resolution bandwidth. Set the trace mode back to "Clear/ Write", then set the VBW
to 10 kHz manually in the "Bandwidth" configuration dialog.

The RF signal can be distinguished from noise more clearly.

MultiView =2 Spectrum

Ref Level -30.00 dBm RBW 1 MHz
Att 0dB S8WT 7 ms ® VBW 10 kHz Mode Au
1 Frequency Sweep

CF 128.0 MHz 1001 pts Span 100.0 MHz

Figure 6-3: RF sine wave signal with low S/N ratio with a smaller video bandwidth

7. By reducing the resolution bandwidth by a factor of 10, the noise is reduced by
10 dB. Set the RBW to 7100 kHz.

The displayed noise is reduced by approximately 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 reso-
lution bandwidth. The averaging effect of the video bandwidth is therefore reduced.
The trace will be noisier.
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MultiView =2 Spectrum

Ref Level -30 dBm ® RBW 100 kHz

Att 0dB SWT 762 ) @ VBW 10 kHz Mode Auto FFT
1 Frequency Sweep

A O M B

CF 128.0 MHz 1001 pts Span 100.0 MHz

Figure 6-4: Reference signal at a smaller resolution bandwidth

Measurement examples - measuring signal spectra with multiple
signals

Separating signals by selecting the resolution bandwidth............ccccoooiniees. 135

Measuring the modulation depth of an AM-modulated carrier in the frequency

o o 0= T1 o TR 139
o Measuring AM-modulated Signals.........c.couui i 140

Separating signals by selecting the resolution bandwidth

A basic feature of a Signal and Spectrum Analyzer is the ability to separate the spec-
tral components of a mixture of signals. The resolution at which the individual compo-
nents can be separated is determined by the resolution bandwidth. Selecting a resolu-
tion bandwidth that is too large may make it impossible to distinguish between spectral
components, i.e. they are displayed as a single component (see also Chapter 7.5.1.1,
"Separating signals by selecting an appropriate resolution bandwidth", on page 488).

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 shows a level drop of 3 dB pre-
cisely in the center of the two signals. Decreasing the resolution bandwidth makes the
level drop larger, which thus makes the individual signals clearer.

In this measurement example we will analyze two signals with a level of -30 dBm each
and a frequency spacing of 30 kHz.

User Manual 1173.9411.02 — 51 135



R&S®FSW Measurements and results

Basic measurements

Signal
Generator 1 i
Coupler Spectrum
e
[- 6 dB] Analyzer
Signal T
Genarator 2

Figure 6-5: Test setup

Table 6-2: Signal generator settings (e.g. R&S SMW)

Level Frequency
Signal generator 1 -30 dBm 128,00 MHz
Signal generator 2 -30 dBm 128,03 MHz

1. Select [PRESET] to reset the instrument.
Set the center frequency to 128.015 MHz.

Set the frequency span to 300 kHz.

p w0 DN

Set the resolution bandwidth to 30 kHz and the video bandwidth to 7 kHz.

Note: Larger video bandwidths. The video bandwidth is set to 1 kHz in order to
make the level drop in the center of the two signals clearly visible. At larger video
bandwidths, the video voltage that results from envelope detection is not suffi-
ciently suppressed. This produces additional voltages, which are visible in the
trace, in the transition area between the two signals.
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MultiView =2 Spectrum

Ref Level O m ® RBW 30 kHz

Att ] (~14 ms) ® VBW 1kHz Mode Auto FFT
1 Frequency Sweep

R .. L W S
CF 128.015 MHz 1001 pts 30.0 kHz/ Span 300.0 kHz

Figure 6-6: Measurement of two equally-leveled RF sinusoidal signals with the resolution band-
width which corresponds to the frequency spacing of the signals

Matching generator and R&S FSW frequencies

The level drop is located exactly in the center of the display only if the generator
frequencies match the frequency display of the R&S FSW exactly. To achieve exact
matching, the frequencies of the generators and the R&S FSW must be synchron-
ized.

5. Set the resolution bandwidth to 700 kHz.

It is no longer possible to clearly distinguish the two generator signals.
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MultiView =2 Spectrum

® RBW 100 kHz
l  SWT 10 ms ® VBW 1 kHz
1 Frequency Sweep

CF 128.015 MHz 1001 pts Span 300.0 kHz

Figure 6-7: Measurement of two equally-leveled RF sinusoidal signals with a resolution band-
width which is larger than their frequency spacing

Set the resolution bandwidth to 7 kHz.

The two generator signals are shown with high resolution. However, the sweep
time becomes longer. At smaller bandwidths, the noise display decreases simulta-
neously (10 dB decrease in noise floor for a decrease in bandwidth by a factor of
10).

MultiView =2 Spectrum

® RBW 1 kHz
3 SWT 4.19 ms ( @ VBW 1kHz Mode Auto FFT
1 Frequency Sweep

CF 128.015 MHz 1001 pts 30.0 kHz/ Span 300.0 kHz

Figure 6-8: Measurement of two equally-leveled RF sinusoidal signals with a resolution band-
width (1 kHz) which is significantly smaller than their frequency spacing
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6.1.5.2 Measuring the modulation depth of an AM-modulated carrier in the frequency
domain

In the frequency range display, the AM side bands can be resolved with a narrow
bandwidth and measured separately. The modulation depth of a carrier modulated with
a sinusoidal signal can then be measured. Since the dynamic range of a signal ana-
lyzer is very large, extremely small modulation depths can also be measured precisely.
For this purpose, the R&S FSW provides measurement routines that output the modu-
lation depth numerically in percent directly.

Signal
Generator

Signal
Analyzer

Figure 6-9: Test setup

Table 6-3: Signal generator settings (e.g. R&S SMW)

Frequency 128 MHz
Level -30 dBm
Modulation 50 % AM, 10 kHz AF

1. Select [PRESET] to reset the instrument.
Set the center frequency to 128 MHz.
Set the frequency span to 50 kHz.

w0 DN

Select [MEAS] > "AM Modulation Depth" to activate the modulation depth mea-
surement.

The R&S FSW automatically sets a marker to the carrier signal in the center of the
diagram and one delta marker each to the upper and lower AM sidebands. The
R&S FSW calculates the AM modulation depth from the level differences of the
delta markers to the main marker and outputs the numeric value in the marker
information.
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MultiView =2 Spectrum
Ref Level 14.11 mV

Att OdB = SWT 25ms
TRGAID

1 Zero Span = 1AP Clrw

CF 128.0 MHz

Figure 6-10: Measurement of the AM modulation depth

The modulation depth is displayed as "MDepth". The frequency of the AF signal can be
obtained from the frequency display of the delta marker.

Measuring AM-modulated signals

The R&S FSW rectifies the RF input signal (that is, removes the negative parts) and
displays it as a magnitude spectrum. The rectification also demodulates AM-modulated
signals. The AF voltage can be displayed in zero span if the modulation sidebands fall
within the resolution bandwidth.

Displaying the AF of an AM-modulated signal (Zero Span)

Signal
Generator

Signal
Analyzer

Figure 6-11: Test setup

Table 6-4: Signal generator settings (e.g. R&S SMW)

Frequency 128 MHz
Level -30 dBm
Modulation 50 % AM, 1 kHz AF

1. Select [PRESET] to reset the instrument.
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Set the center frequency to 128 MHz.
Set the frequency span to 0 Hz or select "Zero Span".
Set the sweep time to 2.5 ms.

Set the RBW to 3 MHz.

I e

Set the reference level to -24 dBm and the display range to linear ([AMPT] > "Scale
Config" > "Scaling": "Linear Percent").

~

Set the scaling unit to Volt ((AMPT] > "Amplitude Config" > "Unit": "V").

8. Define triggering in response to the AF signal using the video trigger to produce a
static image.

a) Press the [TRIG] key.
b) Select "Video".
c) Setthe "Trg/Gate Level" to 50%.

The trigger level is displayed as a horizontal line across the entire measurement
diagram. The R&S FSW displays the 1 kHz AF signal as a static image in zero
span.

MultiView =2 Spectrum
Ref Level 1411 mv
Att OdE = SWT 25ms
TRGAID
1 Zero Span = 1AP Clrw

CF 128.0 MHz

Figure 6-12: Measurement of the AF signal of a carrier that is AM-modulated with 1 kHz

9. Activate the internal AM demodulator to output the audio signal.
a) Press the [MKR FUNC] key.
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b) Select "Marker Demodulation".
The R&S FSW automatically switches on the AM audio demodulator. A 1 kHz
tone can be heard over headset (via the PHONES connector). If necessary,
use the volume control to turn up the volume.

6.1.6 Measurement examples in zero span

6.1.6.1

For radio transmission systems that use the TDMA method (for example, GSM), trans-
mission quality is determined not only by spectral characteristics but also by character-
istics in zero span. A timeslot is assigned to each user since several users share the
same frequency. Smooth operation is ensured only if all users adhere exactly to their
assigned timeslots.

Both the power during the send phase as well as the timing and duration of the TDMA
burst, and rise and fall times of the burst, are important.

e Measuring the power characteristic of burst signals............ccccccvieeeeieeiiiiicccinns 142
e Measuring the signal-to-noise ratio of burst signals..............ccccccciiiiiieiieine, 146

Measuring the power characteristic of burst signals

To measure power in zero span, the R&S FSW offers easy-to-use functions that mea-
sure the power over a predefined time.

Measuring the power of a GSM burst during the activation phase

Signal
Generator

Signal
Analyzer

Figure 6-13: Test setup

Table 6-5: Signal generator settings (e.g. R&S SMW)

Frequency 890 MHz
Level 0 dBm
Modulation GSM, one timeslot activated

1. Select [PRESET] to reset the instrument.

Set the center frequency to 890 MHz ([FREQ)]).

Set the frequency span to 0 Hz ([SPAN] > "Zero Span").

Set the reference level to 10 dBm (= level of the signal generator +10 dB) (AMPT).
Set the attenuation to 20 dB ([AMPT] > "RF Atten Manual").

I e

Set the resolution bandwidth to 7 MHz ([BW] > "Res BW").
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7. Setthe sweep time to 7 ms ((SWEEP] > "Sweep Time Manual" ).
The R&S FSW shows the GSM burst continuously across the display.

8. Using the video trigger, set triggering on the rising edge of the burst.

a) Press the [TRIG] key.
b) Set the "Trg Source" to "Video".
c) Setthe "Trg/Gate Level" to 70%.

The R&S FSW shows a static image with the GSM burst at the start of the trace.
The trigger level is displayed as a horizontal line labeled with the absolute level for
the trigger threshold in the measurement diagram.

9. Activate power measurement within the activation phase of the burst in zero span.

a) Press the [MEAS] key.

b) Select "Time Domain Power".

c) Select "Time Dom Power Config".

d) Set the "Limits" state to "On".

e) Select the "Left Limit" input field.

f) By turning the rotary knob clockwise, move the vertical line "S1" to the start of
the burst.

g) Select the "Right Limit" input field.

h) By turning the rotary knob clockwise, move the vertical line "S2" to the end of
the burst.

The R&S FSW displays the average (mean) power during the activation phase of
the burst.

MultiView =2 Spectrum

Ref Level 10.00 dBm ® RBW 1 MHz
Att 20 dB ® SWT 1 ms VBW 1 MHz
(0]
1 Time Domain Power e 1Sa Clrw
M1[1] -0.56 dBm
500.000 ps

)Jl'\ “',’V},.IW"i“\"m'uhﬂ""'lW“l"ﬂlW'“‘MW"‘l]l"'Ww'nlw\lr| m"“"l"\w'm Mﬂ1I|""}‘tm~|”‘h

CF 890.0 MHz 1001 pts 100.0 ps/
2 Marker Table

Type Ref Trc X-Value ¥-Value i Function Result
M1 1 500.0 ps -0.56 dBm TD P S -0.59 dBm

Figure 6-14: Measurement of the average power during the burst of a GSM signal
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Measuring the edges of a GSM burst with high time resolution

Due to the high time resolution of the R&S FSW at the 0 Hz display range, the edges
of TDMA bursts can be measured precisely. The edges can be shifted to the display
area using the trigger offset.

Signal Signal
Generator Analyzer

Figure 6-15: Test setup

Table 6-6: Signal generator settings (e.g. R&S SMW)

Frequency 890 MHz
Level 0 dBm
Modulation GSM, one timeslot activated

The measurement is based on the example "Measuring the power of a GSM burst dur-
ing the activation phase" on page 142.

1. Switch off the power measurement.
a) Press the [MEAS] key.
b) Select "Zero Span".

2. Increase the time resolution by setting the sweep time to 100 us ((SWEEP] >
"Sweep Time Manual" ).

3. Shift the rising edge of the GSM burst to the center of the display by defining a trig-
ger offset.

a) Press the [TRIG] key.
b) Select "Trigger Offset".
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c) By turning the rotary knob counterclockwise, reduce the trigger offset until the
burst edge is displayed in the center of the display, or enter -50 us.
The R&S FSW displays the rising edge of the GSM burst.

MultiView == Spectrum

® RBYY 1 MHz
Att B ® SWT 100 s VBW 1 MHz
TRG:VID
1 Zero Span e 14 rw
M1[1] -0.60 dBm
49.5000 ps)|

]
||

il
CF 890.0 MHz 1001 pts

—
Wl g
Mkt

Figure 6-16: Rising edge of the GSM burst displayed with high time resolution

4. Move the falling edge of the burst to the center of the display. To do so, switch the
trigger "Slope" to "Falling" ([TRIG] > "Trigger/ Gate Config").

The R&S FSW displays the falling edge of the GSM burst.

Ref Level 10 m ® RBW 1 MHz
Att dB ® SWT 100 us VBW 1 MHz
TR D
1 Zero Span o 1AP Clrw
M1[1] -84.36 dBm
49,5000 ps

CF 890.0 MHz 1001 pts

Figure 6-17: Falling edge of the GSM burst displayed with high time resolution
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Basic measurements

6.1.6.2 Measuring the signal-to-noise ratio of burst signals

When TDMA transmission methods are used, the signal-to-noise ratio or the dynamic
range for deactivation can be measured by comparing the power values during the
activation phase and the deactivation phase of the transmission burst. Therefore, the
R&S FSW provides a measurement for absolute and relative power in zero span. In
the following example, the measurement is performed using a GSM burst.

Signal-to-Noise Ratio of a GSM Signal

Signal Signal
Generator - Analyzer

Figure 6-18: Test setup

Table 6-7: Signal generator settings (e.g. R&S SMW)

Frequency 890 MHz
Level 0 dBm
Modulation GSM, one time slot is switched on

1. Select [PRESET] to reset the instrument.
Set the center frequency to 890 MHz.
Set the frequency span to 0 Hz.

Set the resolution bandwidth to 1 MHz.

Set the reference level to 0 dBm (= level of the signal generator).

I T

Set the sweep time to 2 ms ([SWEEP] > "Sweep Time Manual" ).
The R&S FSW shows the GSM burst continuously across the display.

7. Use the trigger source "Video" and the trigger slope "Rising" to trigger on the rising
edge of the burst and shift the start of the burst to the center of the display (see
step 3 in "Measuring the edges of a GSM burst with high time resolution"
on page 144).

8. Activate power measurement within the activation phase of the burst in zero span.

a) Press the [MEAS] key.

b) Select "Time Domain Power".

c) Select "Time Dom Power Config".

d) Set the "Limits" state to "On".

e) Select the "Left Limit" input field.

f) By turning the rotary knob clockwise, move the vertical line "S1" to the start of
the burst.

g) Select the "Right Limit" input field.
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h) By turning the rotary knob clockwise, move the vertical line "S2" to the end of
the burst.

i) Note down the power result for the burst, indicated by the "TD Pow RMS" result
in the marker table.

9. Measure the power during the deactivation phase of the burst by switching the trig-
ger slope to "Falling" ([TRIG] > "Trigger/ Gate Config").

The R&S FSW initiates triggering in response to the falling edge of the burst. This
shifts the burst to the left-hand side of the measurement diagram. The power is
measured in the deactivation phase.

MultiView =2 Spectrum

Ref Level 0.00 1 ® RBW 1 MHz
Att 10dE ® SWT 2ms  VBW 1 MHz
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Figure 6-19: Measurement of the signal-to-noise ratio of a GSM burst signal in zero span
10. Note down the power result for the measured noise, indicated by the "TD Pow
RMS" result in the marker table.

Subtract the measured noise power from the burst power to obtain the signal-to-
noise ratio of the burst signal.

6.2 Channel power and adjacent-channel power (ACLR)
measurement

Measuring the power in channels adjacent to the carrier or transmission channel is
useful to detect interference. The results are displayed as a bar chart for the individual

channels.

e About channel power measuremMeNts...........uuuuuiiiiciiiiiiie e 148
@ Channel POWET rESUIES.......uuiiiitcccee e e e e e e e e e e e e e 148
®  Channel POWET DASICS.........oooviiiiiiiiiicccee ettt e e e e ee e 151
o Channel power Configuration...........cc.ueeuii i 164
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6.2.1

6.2.2

Channel power and adjacent-channel power (ACLR) measurement

o MSR ACLR cONfigUuration.....c.c.oeiiiiiieeee et 174
e How to perform channel power measurements............oouuviiiiiiiieceeiiiieeeeeeeeeeeee, 192
o Measurement EXamMPIES... ... i 197
e Optimizing and troubleshooting the measurement............ccccccoiiiiniiie e, 203
e Reference: predefined CP/ACLR standards........ccccccveeeeiiiiccciiniieieeeeee e 204
e Reference: predefined ACLR user standard XML files..........ccccvrrrrrrriiiiiiiiiinnnnne. 205

About channel power measurements

Measuring channel power and adjacent channel power is one of the most important
tasks during signal analysis with the necessary test routines in the field of digital trans-
mission. Theoretically, a power meter could be used to measure channel power at
highest accuracy. However, its low selectivity means that it is not suitable for measur-
ing adjacent channel power as an absolute value or relative to the transmit channel
power. Only a selective power meter can measure the power in the adjacent channels.

A signal analyzer cannot be classified as a true power meter, because it displays the IF
envelope voltage. However, it is calibrated such as to display the power of a pure sine
wave signal correctly, 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 band-
width can be obtained using correction factors. The internal power measurement rou-
tines in a signal analyzer normally use these correction factors to determine the signal
power from IF envelope measurements. These factors apply if and only if the assump-
tion of a Gaussian amplitude distribution is correct.

Apart from this common method, the R&S FSW also has a true power detector, i.e. an
RMS detector. It displays the power of the test signal within the selected resolution
bandwidth correctly, irrespective of the amplitude distribution, without additional correc-
tion factors being required.

The R&S FSW software allows you to perform ACLR measurements on input contain-
ing multiple signals for different communication standards. A measurement standard is
provided that allows you to define multiple discontiguous transmit channels at specified
frequencies, independent from the selected center frequency. The ACLR measurement
determines the power levels of the individual transmit, adjacent, and gap channels, as
well as the total power for each sub block of transmit channels.

A detailed measurement example is provided in Chapter 6.2.7, "Measurement exam-
ples", on page 197.

Channel power results

For channel or adjacent-channel power measurements, the individual channels are
indicated by different colored bars in the diagram. The height of each bar corresponds
to the measured power of that channel. In addition, the name of the channel ("Adj", "Alt
%1", "Tx %1", etc., or a user-defined name) is indicated above the bar (separated by a
line which has no further meaning).
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For "Fast ACLR" measurements, which are performed in the time domain, the power
versus time is shown for each channel.

@ Multi-standard radio (MSR) channel power results

The channel power results for MSR signals are described in Chapter 6.2.3.4, "Mea-
surement on multi-standard radio (MSR) signals", on page 158.

MultivView &2 Spectrum

Ref Level
Att
1 ACLR

CF 850.0 MHz 1001 pts 419.0 kHz/ Span 4.19 MHz

2 Result Summary CDMA 2000
Channel Offset Power
Txl { 29 MH: -0.54 dBm
T -0.54 dBm
Channel Offset Lower Upper
0k -82.63 dBc -81.48 dBc
-87.64 dBc -87.02 dBc

Results are provided for the TX channel and the number of defined adjacent channels
above and below the TX channel. If more than one TX channel is defined, you must
specify the channel to which the relative adjacent-channel power values refer. By
default, it is the TX channel with the maximum power.

Table 6-8: Measurements performed depending on the number of adjacent channels

Number | Measurement results
of adj.
chan.
0 Channel powers
1 ®  Channel powers
®  Power of the upper and lower adjacent channel
2 ®  Channel powers
®  Power of the upper and lower adjacent channel
®  Power of the next higher and lower channel (alternate channel 1)
3 ®  Channel powers
®  Power of the upper and lower adjacent channel
®  Power of the next higher and lower channel (alternate channel 1)
®  Power of the second next higher and lower adjacent channel (alternate channel 2)
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Number | Measurement results
of adj.
chan.

12 ®  Channel powers
®  Power of the upper and lower adjacent channel
®  Power of all the higher and lower channels (alternate channels 1 to 11)

In the R&S FSW display, only the first neighboring channel of the carrier (TX) channel
is labeled "Adj" (adjacent) channel; all others are labeled "Alt" (alternate) channels. In
this manual, "Adjacent" refers to both adjacent and alternate channels.

The measured power values for the TX and adjacent channels are also output as a
table in the Result Summary window. Which powers are measured depends on the
number of configured channels.

For each channel, the following values are displayed:

Label Description

Channel Channel name as specified in the "Channel Settings" (see "Channel Names"
on page 174).

Bandwidth Configured channel bandwidth (see "Channel Bandwidth" on page 171)

Offset Offset of the channel to the TX channel (configured channel spacing, see "Channel
Bandwidth" on page 171)

Power The measured power values for the TX and lower and upper adjacent channels. The
powers of the transmission channels are output in dBm or dBm/Hz, or in dBc, relative

Lower/Upper
( pper) to the specified reference TX channel.

Retrieving Results via Remote Control

All or specific channel power measurement results can be retrieved using the
CALC:MARK: FUNC: POW:RES? command from a remote computer (see
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult? on page 901). Alter-
natively, the results can be output as channel power density, i.e. in reference to the
measurement bandwidth.

Furthermore, the measured power values of the displayed trace can be retrieved as
usual using the TRAC: DATA? commands (see TRACe<n>[ : DATA] on page 1244). In
this case, the measured power value for each sweep point (by default 1001) is
returned.

For a full list of remote commands for ACLR measurements, see Chapter 13.5.3.10,
"Retrieving and analyzing measurement results", on page 958.
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6.2.3

6.2.3.1

Channel power and adjacent-channel power (ACLR) measurement

Channel power basics

Some background knowledge on basic terms and principles used in channel power
measurements is provided here for a better understanding of the required configuration
settings.

o Measurement MEthOAS.......ooii e 151
o Measurement repeatability.........c.euuuiiiiiiiiiiiii e ———— 153
e Recommended common measurement parameters...........ccccoevvevveveviiiiiicceeeennn. 154
e Measurement on multi-standard radio (MSR) signals.........ccccceiviiieiiiiniiiee e 158

Measurement methods

The channel power is defined as the integration of the power across the channel band-
width.

The Adjacent Channel Leakage Power Ratio (ACLR) is also known as the Adjacent
Channel Power Ratio (ACPR). It is defined as the ratio between the total power of the
adjacent channel to the power of the carrier channel. An ACLR measurement with sev-
eral carrier channels (also known as transmission or TX channels) is also possible and
is referred to as a multicarrier ACLR measurement.

There are two possible methods for measuring channel and adjacent channel power
with a signal analyzer:
® |BW method (Integration BandWidth method)

® Fast ACLR (Zero-span method ), i.e. using a channel filter

IBW method

When measuring the channel power, the R&S FSW integrates the linear power which
corresponds to the levels of the measurement points within the selected channel. The
signal 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 pass-
band characteristics of the resolution bandwidth.

ads T\
A\
Resolution filter \
Sweep

\
A\
A\
A\
A
A

Channel bandwith  ——rd

Figure 6-20: Approximating the channel filter by sweeping with a small resolution bandwidth
The following steps are performed:

1. The linear power of all the trace points within the channel is calculated.
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Pi = 10(Li/10)
Where P; = power of the trace pixel i
L; = displayed level of trace point i

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

3. 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 called the IBW method (Integration Bandwidth method).

Fast ACLR

The integrated bandwidth method (IBW) calculates channel power and ACLR from the
trace data obtained during a continuous sweep over the selected span. Most parts of
this sweep are not part of the channel itself or the defined adjacent channels. There-
fore, most of the samples taken during the sweep time cannot be used for channel
power or ACLR calculation.

To decrease the measurement times, the R&S FSW offers a "Fast ACLR" mode. In
Fast ACLR mode, the power of the frequency range between the channels of interest
is not measured, because it is not required for channel power or ACLR calculation. 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.

In the "Fast ACLR" mode, the R&S FSW measures the power of each channel in the
time domain, with the defined channel bandwidth, at the center frequency of the chan-
nel in question. The digital implementation of the resolution bandwidths makes it possi-
ble to select filter characteristics that are precisely tailored to the signal. For
CDMAZ2000, for example, the power in the useful channel is measured with a band-
width of 1.23 MHz. The power of the adjacent channels is measured with a bandwidth
of 30 kHz. Therefore the R&S FSW changes from one channel to the other and meas-
ures the power at a bandwidth of 1.23 MHz or 30 kHz using the RMS detector.
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MultiView =2 Spectrum
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Figure 6-21: Measuring the channel power and adjacent channel power ratio for CDMA2000 signals
with zero span (Fast ACLR)

6.2.3.2 Measurement repeatability

The repeatability of the results, especially in the narrow adjacent channels, strongly
depends on the measurement time for a given resolution bandwidth. A longer sweep
time can increase the probability that the measured value converges to the true value
of the adjacent channel power, but obviously increases measurement time.

Assume a measurement with five channels (1 channel plus 2 lower and 2 upper adja-
cent channels) and a sweep time of 100 ms. This measurement requires a measure-
ment time per channel of 20 ms. To calculate the power in one channel, the analyzer
considers the following number of effective samples:

<sweep time in channel> * <selected resolution bandwidth>

For example, for a sweep time of 100 ms the analyzer considers (30 kHz / 4.19 MHz) *
100 ms * 10 kHz = 7 samples. Whereas in Fast ACLR mode, it considers (100 ms /5) *
30 kHz = 600 samples. If you compare these numbers, you understand the increase of
repeatability with a 95 % confidence level (20). It rises from + 2.8 dB in normal mode to
+ 0.34 dB in Fast ACLR mode for a sweep time of 100 ms.

For the same repeatability, the integration method requires a sweep time of 8.5 s. The
Figure 6-22 shows the standard deviation of the results as a function of the sweep
time.
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Figure 6-22: Repeatability of adjacent channel power measurement on CDMA2000 standard signals if
the integration bandwidth method is used

The Figure 6-23 shows the repeatability of power measurements in the transmit chan-
nel 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. Consider the scaling when you compare power values.
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Fast ACLR Method
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Figure 6-23: Repeatability of adjacent channel power measurements on CDMA2000 signals in the fast
ACLR mode

6.2.3.3 Recommended common measurement parameters

The following sections provide recommendations on the most important measurement
parameters for channel power measurements.
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Q

Channel power and adjacent-channel power (ACLR) measurement

All instrument settings for the selected channel setup (channel bandwidth, channel
spacing) can be optimized automatically using the "Adjust Settings" function (see "Opti-
mized Settings (Adjust Settings)" on page 169).

The easiest way to configure a measurement is using the configuration "Overview",
see Chapter 7.1, "Configuration overview", on page 357.

@ SWEEP TIME ittt ettt e ettt a e s e e eeeeeaaaaaaseeeeeeeeeeaesares 155
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o Resolution bandwidth (RBW).......cccouiiiiiiiiiiee e 156
o Video bandWidth (WVBW).....ooo oottt e e e e e e e e e 157
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Sweep Time

The "Sweep Time" is selected depending on the desired reproducibility of results.
Reproducibility increases with "Sweep Time" since power measurement is then per-
formed over a longer time period. As a general approach, approximately 500 non-cor-
related measured values are required for a reproducibility of 0.5 dB. (That means: 95
% of the measurements are within 0.5 dB of the true measured value). Approximately
5000 measured values are required for a reproducibility of 0.1 dB (99 %). These values
are valid for white noise. The measured values are considered as non-correlated if
their time interval corresponds to the reciprocal of the measured bandwidth.

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 propor-
tional 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, that is: the time per measurement is minimal. Extending the measurement
time does not have any advantages. The number of samples for calculating the power
is defined by the number of trace points in the channel.

If the RMS detector is used, the selection of "Sweep Time" s can affect the repeatabil-
ity of the measurement results. Repeatability is increased at longer "Sweep Time" s.

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:

Ngecorr = SWT * RBW
(Ngecorr means uncorrelated samples)

The number of uncorrelated samples per trace pixel is obtained by dividing Ngecorr BY
1001 (= pixels per trace).
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The "Sweep Time" can be defined using the softkey in the "Ch Power" menu or in the
"Sweep" configuration dialog box (see " Sweep Time " on page 169).

Frequency span

The frequency span must cover at least the channels to be measured plus a measure-
ment margin of approximately 10 %.

If the frequency span is large in comparison to the channel bandwidth (or the adjacent-
channel bandwidths) being analyzed, only a few points on the trace are available per
channel. The calculated waveform for the used channel filter is less accurate, which
has a negative effect on the measurement accuracy. It is therefore strongly recommen-
ded that you consider the described formulas when you select the frequency span.

The frequency span for the defined channel settings can be optimized. Use the "Adjust
Settings" function in the "Ch Power" menu or the "General Settings" tab of the "ACLR
Setup" dialog box (see "Optimized Settings (Adjust Settings)" on page 169). You can
set the frequency span manually in the "Frequency" configuration dialog box.

(See Chapter 7.3.4, "How to define the frequency range", on page 473.)

For channel power measurements the "Adjust Settings" function 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" function sets the fre-
quency span as a function of the following parameters:

® Number of transmission channels
® Transmission channel spacing
® Adjacent-channel spacing

® Bandwidth of one of adjacent-channels ADJ, ALT1 or ALT2, whichever is furthest
away from the transmission channels

"(No. of transmission channels — 1) * (transmission channel spacing + 2) * (adjacent-
channel spacing + adjacent-channel bandwidth) + measurement margin"

The measurement margin is approximately 10 % of the value obtained by adding the
channel spacing and the channel bandwidth.

Resolution bandwidth (RBW)

It is important to suppress spectral components outside the channel to be measured,
especially of the adjacent channels. At the same time, you expect an acceptable mea-
surement speed. To fulfill both these requirements, the appropriate resolution band-
width is essential. As a general approach, set the resolution bandwidth to values
between 1 % and 4 % of the channel bandwidth.

If the spectrum within the channel to be measured and the spectrum around the chan-
nel has a flat characteristic, you can select a larger resolution bandwidth. In the stan-
dard 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
near the adjacent channels normally has a constant level.
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You can optimize the resolution bandwidth for the defined channel settings. Use the
"Adjust Settings" function in the "Ch Power" menu or the "General Settings" tab of the
"ACLR Setup" dialog box (see "Optimized Settings (Adjust Settings)" on page 169).
You can set the RBW manually in the "Bandwidth" configuration dialog box, see "RBW"
on page 347.

Except for the IS95 CDMA standards, the "Adjust Settings" function sets the resolution
bandwidth (RBW) as a function of the channel bandwidth:

"RBW" = 1/40 of "Channel Bandwidth"

The maximum resolution bandwidth (concerning the requirement RBW < 1/40) result-
ing from the available RBW steps (1, 3) is selected.

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 causes signal averaging and thus
results in a too low indication of the power (-2.51 dB at very low video bandwidths).
Thus, select the video bandwidth at least three times the resolution bandwidth:

VBW 23 * RBW

For FFT sweeps, instead of increasing the VBW, you can also select the trace average
mode "Power" to ensure correct power measurements (see "Average Mode"

on page 618). Note that in power measurements this setting affects the VBW regard-
less of whether or not a trace is actually averaged.

The video bandwidth for the defined channel settings can be optimized. Use the
"Adjust Settings" function in the "Ch Power" menu or the "General Settings" tab of the
"ACLR Setup" dialog box (see "Optimized Settings (Adjust Settings)" on page 169).
You can set the VBW manually in the "Bandwidth" configuration dialog box, see "VBW"
on page 496.

The video bandwidth (VBW) is set as a function of the channel bandwidth (see formula
above) and the smallest possible VBW with regard to the available step size is
selected.

Detector

The RMS detector 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:

PRMS: ! XZS?

Where:
s; = linear digitized video voltage at the output of the A/D converter

N = number of A/D converter values per measurement point
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Z = electrical impedance
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.

The RMS detector can be set for the defined channel settings automatically. Use the
"Adjust Settings" function in the "Ch Power" menu or the "General Settings" tab of the
"ACLR Setup" dialog box (see "Optimized Settings (Adjust Settings)" on page 169).
You can set the detector manually in the "Traces" configuration dialog box, see "Detec-
tor" on page 616.

trace averaging

Avoid averaging, which is often performed to stabilize the measurement results but
leads to a level indication that is too low. The reduction in the displayed power depends
on the number of averages and the signal characteristics in the channel to be mea-
sured.

The "Adjust Settings" function switches off trace averaging. You can deactivate the
trace averaging manually in the "Traces" configuration dialog box, see "Average Mode"
on page 618.

Reference level

To achieve an optimum dynamic range, set the reference level so that the signal is as
close to the reference level as possible without forcing an overload message. However,
if the signal-to-noise ratio becomes too small, the dynamic range is also limited. The
measurement bandwidth for channel power measurements is significantly smaller than
the signal bandwidth. Thus, the signal path can be overloaded although the trace is still
significantly below the reference level.

reference level. The reference level can be set automatically using the "Auto Level"
function in the [Auto Set] menu, or manually in the "Amplitude" menu.

@ Selecting a predefined standard or automatically adjusting settings does not affect the

6.2.3.4 Measurement on multi-standard radio (MSR) signals

Modern base stations can contain multiple signals for different communication stand-
ards. A new measurement standard is provided for the R&S FSW ACLR measurement
that allows you to measure such MSR signals, including non-contiguous setups. Multi-
ple (also non-) contiguous transmit channels can be specified at absolute frequencies,
independent from the common center frequency selected for display.

Signal structure

Up to 18 transmit channels can be grouped in a maximum of 8sub blocks. Between
two sub blocks, two gaps are defined: a lower gap and an upper gap. Each gap in turn
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contains two channels (gap channels). The channels in the upper gap are identical to
those in the lower gap, but inverted. To either side of the outermost transmit channels,
lower and upper adjacent channels can be defined as in common ACLR measurement
setups.
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Figure 6-24: MSR signal structure

Asymmetrical gap channels

Gap channels between sub blocks can now also be asymmetrical, that is: channels in
the lower and upper gaps are not identical. For example, in Figure 6-25, the gap
between sub blocks A and B contains one lower channel (AB:Gap1L), but two upper
channels (AB:Gap1U, AB:Gap2U). Furthermore, the gaps between different sub blocks
need not be identical. For example, the gap between sub blocks A and B contains 3
gap channels, while the gap between sub blocks B and C contains only two gap chan-
nels (BC:Gap1L, BC:Gap2L, which are not identical to the lower gap channels in gap
AB.

1 ACLR

CF 1.047 GHz 1001 pts 3.5 Span 135.0 MH2z

) [] [iom [ wooems [ oo ] :
— D e e i
P o AdiLower s &apiL © o agGapiU &GaptL | & AdjUpper
& Alt Lower & Gapzl & Gap2 L & Al Uppe

Figure 6-25: Asymmetrical MSR signal structure
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Sub block and channel definition

The sub blocks are defined by a specified center frequency, RF bandwidth, and num-
ber of transmit channels.

Figure 6-26: Sub block definition

As opposed to common ACLR channel definitions, the TX channels are defined at
absolute frequencies, rather than by a spacing relative to the (common) center fre-
quency. Each transmit channel can be assigned a different technology, used to prede-
fine the required bandwidth.

Gap channels and CACLR

If two or more sub blocks are defined, the power in the gaps between the sub blocks
must also be measured. Gap channels are defined using bandwidths and spacings,
relative to the outer edges of the surrounding sub blocks.

If the upper and lower gap channels are symmetrical, only two gap channels must be
configured. The required spacing can be determined according to the following formula
(indicated for lower channels):

Spacing = [CF of gap channel] - [left sub block CF] + ([RF bandwidth of left sub
block] /2)
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Figure 6-27: Gap channel definition for lower gap

If the gap channels are not symmetrical, you must configure up to four channels indi-
vidually. The formula indicated above applies for the lower channels. For the upper
channels, the spacing is defined as:

Spacing = [right sub block CFJ- [CF of gap channel] - ([RF bandwidth of right sub
block] /2)

According to the MSR standard, the Cumulative Adjacent Channel Leakage Ratio
(CACLR) power must be determined for the gap channels. The CACLR power is mea-
sured in the two gap channels for the upper and lower gap. The power in the gap chan-
nels is then set in relation to the power of the two closest transmission channels to
either side of the gap. The CACLR power for the gap channels is indicated in the
Result Summary.

In addition, the ACLR power for the individual gap channels is indicated in the Result

Summary. The ACLR power of the lower gap channels refers to the TX channel to the
left of the gap. The ACLR power of the upper gap channels refers to the TX channel to
the right of the gap. A separate relative limit value can be defined for the ACLR power.

Adjacent channels

Adjacent channels are defined as in common ACLR measurements using bandwidths
and spacings, relative to the uppermost or lowermost transmit channels in the sub
blocks (see also Figure 6-24):

® The spacing of the lower adjacent channels refers to the CF of the first TX channel
in the first sub block.
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® The spacing of the upper adjacent channels refers to the CF of the last TX channel
in the last sub block.

The upper and lower adjacent channels can also be defined asymmetrically (see "Sym-
metrical Adjacent Setup" on page 180). This is particularly useful if the lowest TX chan-
nel and highest TX channel use different standards and thus require different band-
widths for adjacent channel power measurement.

Channel display for MSR signals

As in common ACLR measurements, the individual channels are indicated by different
colored bars in the diagram. The height of each bar corresponds to the measured
power of that channel. In addition, the name of the channel is indicated above the bar.
Sub blocks are named A,B,C,D,E,F,G,H and are also indicated by a slim blue bar along
the frequency axis.

TX channel names correspond to the specified technology (for LTE including the band-
width), followed by a consecutive number. (If the channel is too narrow to display the
channel name, "..."is displayed instead.) The assigned sub block is indicated with the
channel name, e.g. "B: LTE_5M1" for the first TX channel in sub block B that uses the
LTE 5 MHz bandwidth technology.

Adjacent and alternate channels are displayed as in common ACLR measurements.

Gap channels are indicated using the following syntax:

® The names of the surrounding sub blocks (e.g. "AB" for the gap between sub
blocks A and B),

® The channel name ("Gap1" or "Gap2")
e "L" (for lower) or "U" (for upper)

For example: "ABGap1L" indicates the first lower gap channel between sub blocks A
and B.

Both the lower and upper gap channels are displayed.

For symmetrical configuration, gap channels can be hidden if they do not reach a mini-
mum size.

For asymmetrical configuration, you can define the number of upper or lower gap
channels to be displayed.

In both cases, you can deactivate all gap channels. This enhances the result display,

as fewer lines and bars are displayed. If gap channels are deactivated, the power
results are not calculated and thus are not shown in the Result Summary table.

Furthermore, channel names for all TX, adjacent, and alternate channels are user-
definable (not gap channels).

Channel power results

The Result Summary for MSR signal measurements is similar to the table for common
signals (see Chapter 6.2.2, "Channel power results", on page 148). However, the TX
channel results are grouped by sub blocks, and sub block totals are provided instead
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of a total TX channel power. Instead of the individual channel frequency offsets, the
absolute center frequencies are indicated for the transmit channels.

The CACLR and ACLR power results for each gap channel are appended at the end of
the table. The CACLR results are calculated as the power in the gap channel divided
by the power sum of the two closest transmission channels to either side of it.

2 Result Summary USER{MSR_ACLR_Example)

Bandwidth = Power

-92.97 dBm
-80.45 dBm
=79.65 dBm
-93.46 dBm
-76.82 dBm
Power
81.98 dBm
-81.98 dBm
Power
=82.10 dBm
-82.10 dBm
ACLR Lower
=0.74 dBc
-0.83 dBc
ACLR Lower

ACLR_Example)
s Power
-92.92 dBm
-80.41 dBm
=79.61 dBm
-93.37 dBm
-76.78 dBm

Power
-82.01 dBm
-82.01 dBm

Power
-82.10 dBm
-82.10 dBm

ACLR Lower

-0.77 dBc
-0.89 dBc
ACLR Power
13.08 dBc

0.09 dBc

0.09 dBc

0.01 dBc

-0.03 dBc

ACLR Upper
-2.33 dBc
-2.44 dBc
ACLR Upper
0.04 dBc
0.05 dBc

-0.02 dBc
[+]

-2.99 dBc

ACLR Upper
-2.35 dBc
-2.42 dBc
CACLR Power
1.41 dBc
-0.22 dBc
-0.22 dBc
-2.95 dBc
-3.00 dBc

Figure 6-29: Result summary for asymmetrical channel definition

Remote command:

CALCulate:MARKer:FUNCtion:POWer<sb>:RESult? GACLr or
CALCulate:MARKer:FUNCtion:POWer<sb>:RESult? MACM , see
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult? on page 901

Restrictions and dependencies

As the signal structure in multi-standard radio signals can vary considerably, you can
define the channels very flexibly for the ACLR measurement with the R&S FSW. No
checks or limitations are implemented concerning the channel definitions, apart from
the maximum number of channels to be defined. Thus, you are not notified if transmit
channels for a specific sub block lie outside the defined frequency range for the sub
block, or if transmit and gap channels overlap.

User Manual 1173.9411.02 — 51 163



R&S®FSW Measurements and results

6.2.4

®

6.2.4.1

Channel power and adjacent-channel power (ACLR) measurement

Channel power configuration

Access: "Overview" > "Select Measurement" > "Channel Power ACLR" > "CP / ACLR
Config"

Both Channel Power (CP) and Adjacent-Channel Power (ACLR) measurements are
available.

If the "Multi-Standard Radio" standard is selected (see "Standard" on page 165), the
"ACLR Setup" dialog box is replaced by the "MSR ACLR Setup" dialog box. See Chap-
ter 6.2.5, "MSR ACLR configuration", on page 174 for a description of these settings.

| ACLR Setup [ 4

General Settings Channel Settings

Standard Channel Count

None Tx [l

Manage User Standards

Reference Channel Max Power Tx Channel ACLR Mode Abs
Noise Cancellation Power Unit Abs

Fast ACLR Power Mode = CLRW  Max Hold

‘ Set CP Reference Adjust Settings

The remote commands required to perform these tasks are described in Chap-
ter 13.5.3, "Measuring the channel power and ACLR", on page 905.

e General CP/ACLR measurement SEtiNGS.........ocveeeiiiiiiieie i 164
L I O = o U= IR (1 ] o J PR 170

General CP/ACLR measurement settings

General measurement settings are defined in the "ACLR Setup" dialog, in the "General
Settings" tab.

5] =116 F=T (e [T 165
L Predefined StandardsS..........owooeeeeeeee e eee e eee e eee et e ee e et eeeeeeeeeeeeeeens 165
L USEI SEANAAIAS. . ettt ettt ettt ee e e eee e e eeeeenans 165
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Number of ChanNels: TX, Ad]......ueiiiiiiieiie e e 166
Reference Channel.... ... e as 167
[N o] [T @= 1  To1 =Y | =1 4o ) o 1S 167
= ] 0 I SR 168
S To =Tt (=Y I I = Vo= PSPPSR 168
Absolute and Relative Values (ACLR MOAE)........cuvuuiiiimimiiiiiiiieie e eeeeeee e eeeeeeeeeeeenens 168
Channel power level and density (Power Unit).......c..ccooooiiiiiiiiiiee, 168
0111 VT Yo [ PR 169
Setting a fixed reference for Channel Power measurements (Set CP Reference)..... 169
Optimized Settings (Adjust SettiNgS)......cuiiiiiiiiiii e 169
Y=Y o T T T U 169
Standard

The main measurement settings can be stored as a standard file. When such a stan-
dard is loaded, the required channel and general measurement settings are automati-
cally set on the R&S FSW. However, the settings can be changed. Predefined stand-
ards are available for standard measurements, but standard files with user-defined
configurations can also be created.

Note: If the "Multi-Standard Radio" standard is selected, the "ACLR Setup" dialog box
is replaced by the "MSR ACLR Setup" dialog box (see Chapter 6.2.5, "MSR ACLR
configuration", on page 174).

If any other predefined standard (or "NONE") is selected, the "ACLR Setup" dialog box
is restored (see Chapter 6.2.4, "Channel power configuration”, on page 164).

Note that changes in the configuration are not stored when the dialog boxes are
exchanged.

Predefined Standards < Standard

Predefined standards contain the main measurement settings for standard measure-
ments. When such a standard is loaded, the required channel settings are automati-
cally set on the R&S FSW. However, you can change the settings.

The predefined standards contain the following settings:

Channel bandwidths

Channel spacings

Detector

Trace Average setting

Resolution Bandwidth (RBW)

Weighting Filter

For details on the available standards, see Chapter 6.2.9, "Reference: predefined CP/
ACLR standards", on page 204.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:PRESet on page 906

User Standards — Standard
Access: "CP / ACLR Config" > "General Settings" tab > "Manage User Standards"
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In addition to the predefined standards, you can save your own standards with your
specific measurement settings in an XML file so you can use them again later. User-
defined standards are stored on the instrument in the

C:\Program Files (x86)\Rohde-Schwarz\FSW\<version>\acp_ std direc-
tory.

A sample file is provided for an MSR ACLR measurement (MSR_ACLRExample.xml).
It sets up the measurement for the MSR signal generator waveform described in the
file C:\R S\INSTR\USER\waveform\MSRA GSM WCDMA LTE GSM.wv.

Note that ACLR user standards are not supported for Fast ACLR measurements.

Note: User standards created on an analyzer of the R&S FSP family are compatible to
the R&S FSW. User standards created on an R&S FSW, however, are not necessarily
compatible to the analyzers of the R&S FSP family and may not work there.

The following parameter definitions are saved in a user-defined standard:
® Number of adjacent channels

® Channel bandwidth of transmission (Tx), adjacent (Adj) and alternate (Alt) chan-
nels

Channel spacings

Weighting filters

Resolution bandwidth

Video bandwidth

Detector

ACLR limits and their state

"Sweep Time" and "Sweep Time" coupling

Trace and power mode

(MSR only: sub block and gap channel definition)

Save the current measurement settings as a user-defined standard, load a stored mea-
surement configuration, or delete an existing configuration file.

For details see Chapter 6.2.6.4, "How to manage user-defined configurations",
on page 196.

Remote command:

To query all available standards:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:STANdard:CATalog?
on page 906

To load a standard:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:PRESet on page 906
To save a standard:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:STANdard:SAVE

on page 907

To delete a standard:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:STANdard:DELete
on page 907

Number of channels: Tx, Adj
Up to 18 carrier channels and up to 12 adjacent channels can be defined.
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Results are provided for the Tx channel and the number of defined adjacent channels
above and below the Tx channel. If more than one Tx channel is defined, the carrier
channel to which the relative adjacent-channel power values should be referenced
must be defined (see "Reference Channel" on page 167).

Note: If several carriers (Tx channels) are activated for the measurement, the number
of sweep points is increased to ensure that adjacent-channel powers are measured
with adequate accuracy.

For more information on how the number of channels affects the measured powers,
see Chapter 6.2.2, "Channel power results", on page 148.

Remote command:

Number of Tx channels:

[SENSe: ] POWer:ACHannel : TXCHannel : COUNt on page 912
Number of Adjacent channels:

[SENSe: ] POWer:ACHannel : ACPairs on page 908

Reference Channel

The measured power values in the adjacent channels can be displayed relative to the
transmission channel. If more than one Tx channel is defined, define which one is used
as a reference channel.

Tx Channel 1 Transmission channel 1 is used.
(Not available for MSR ACLR)

Min Power Tx Channel | The transmission channel with the lowest power is used as a reference channel.

Max Power Tx Chan- | The transmission channel with the highest power is used as a reference channel

nel (Default).
Lowest & Highest The outer left-hand transmission channel is the reference channel for the lower
Channel adjacent channels, the outer right-hand transmission channel that for the upper

adjacent channels.

Remote command:
[SENSe: ] POWer:ACHannel :REFerence: TXCHannel : MANual on page 915
[SENSe: ] POWer:ACHannel :REFerence: TXCHannel : AUTO on page 915

Noise Cancellation
The R&S FSW can correct the results by removing the inherent noise of the analyzer,
which increases the dynamic range.

In this case, a reference measurement of the inherent noise of the analyzer is carried
out. The measured noise power is then subtracted from the power in the channel that
is being analyzed (first active trace only).

The inherent noise of the instrument depends on the selected center frequency, resolu-
tion bandwidth and level setting. Therefore, the correction function is disabled when-
ever one of these parameters is changed. A disable message is displayed on the
screen. To enable the correction function after changing one of these settings, activate
it again. A new reference measurement is carried out.

Noise cancellation is also available in zero span.

For an active external frontend, noise cancellation is not available. See "External Fron-
tend Connection State" on page 447.
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Currently, noise cancellation is only available for the following trace detectors (see
"Detector" on page 616):

RMS

Average

Sample

Positive peak

Remote command:
[SENSe: ] POWer:NCORrection on page 1194

Fast ACLR

If activated, instead of using the IBW method, the R&S FSW sets the center frequency
to the different channel center frequencies consecutively and measures the power with
the selected measurement time (= sweep time/number of channels).

Remote command:
[SENSe: ] POWer : HSPeed on page 927

Selected Trace
The CP/ACLR measurement can be performed on any active trace.

Remote command:
[SENSe: ] POWer: TRACe on page 905

Absolute and Relative Values (ACLR Mode)
The powers of the adjacent channels are output in dBm or dBm/Hz (absolute values),
or in dBc, relative to the specified reference Tx channel.

"Abs" The absolute power in the adjacent channels is displayed in the unit
of the y-axis, e.g. in dBm, dBuV.

"Rel" The level of the adjacent channels is displayed relative to the level of
the transmission channel in dBc.

Remote command:
[SENSe: ] POWer:ACHannel :MODE on page 962

Channel power level and density (Power Unit)

By default, the channel power is displayed in absolute values. If "/Hz" is activated, the
channel power density is displayed instead. Thus, the absolute unit of the channel
power is switched from dBm to dBm/Hz.

Note: The channel power density in dBm/Hz corresponds to the power inside a band-
width of 1 Hz and is calculated as follows:
"channel power density = channel power — logyo(channel bandwidth)"

Thus you can measure the signal/noise power density, for example, or use the addi-
tional functions Absolute and Relative Values (ACLR Mode) and Reference Channel to
obtain the signal to noise ratio.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult:PHZ on page 960
LTE and 5G NR: CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:RESult:
UNIT on page 961
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Power Mode

The measured power values can be displayed directly for each trace ("Clear/ Write"),
or only the maximum values over a series of measurements can be displayed ("Max
Hold"). In the latter case, 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 "Max Hold" mode is activated, "Pwr Max" is indicated in the table header.
Note that the trace mode remains unaffected by this setting.

Remote command:
CALCulate<n>:MARKer<m>:FUNCtion:POWer<sb>:MODE on page 901

Setting a fixed reference for Channel Power measurements (Set CP Reference)

If only one TX channel and no adjacent channels are defined, the currently measured
channel power can be used as a fixed reference value for subsequent channel power
measurements.

When you select this button, the channel power currently measured on the TX channel
is stored as a fixed reference power. In the following channel power measurements,
the power is indicated relative to the fixed reference power. The reference value is dis-
played in the "Reference" field (in relative ACLR mode); the default value is 0 dBm.

Note: In adjacent-channel power measurement, the power is always referenced to a
transmission channel (see "Reference Channel" on page 167), thus, this function is not
available.

Remote command:
[SENSe: ] POWer:ACHannel :REFerence:AUTO ONCE on page 914

Optimized Settings (Adjust Settings)
All instrument settings for the selected channel setup (channel bandwidth, channel
spacing) can be optimized automatically.

The adjustment is carried out only once. If necessary, the instrument settings can be
changed later.

The following settings are optimized by "Adjust Settings":
"Frequency span" on page 156

"Resolution bandwidth (RBW)" on page 156

"Video bandwidth (VBW)" on page 157

"Detector" on page 157
"trace averaging" on page 158

Note: The reference level is not affected by this function. To adjust the reference level
automatically, use the Setting the Reference Level Automatically (Auto Level) function
in the [Auto Set] menu.

Remote command:
[SENSe: ] POWer:ACHannel : PRESet on page 904

Sweep Time

With the RMS detector, a longer "Sweep Time" increases the stability of the measure-
ment results. For recommendations on setting this parameter, see " Sweep Time "

on page 155.

The "Sweep Time" can be set via the softkey in the "Ch Power" menu and is identical
to the general setting in the "Sweep" configuration dialog box.
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Remote command:
[SENSe: ] SWEep: TIME on page 1189

6.2.4.2 Channel setup

The "Channel Settings" tab in the "ACLR Setup" dialog box provides all the channel
settings to configure the channel power or ACLR measurement. You can define the
channel settings for all channels, independent of the defined number of used TX or
adjacent channels (see "Number of channels: Tx, Adj" on page 166).

For details on setting up channels, see Chapter 6.2.6.2, "How to set up the channels",
on page 193.

In addition to the specific channel settings, the general settings "Standard"
on page 165 and "Number of channels: Tx, Adj]" on page 166 are also available in this
tab.

The following settings are available in individual subtabs of the "Channel Settings" tab.

Channel BanAWidth.........ocuui oo et e e e et e e 171
(01 F- T [ 1= ST o= Tod [ Vo TSSO 171
] 011 O o V=Y o) 172
Total LIimit PAsSS MOUE..........eeeeeeeeeeeeeee et e e e e e e e 173
WeEIghtiNg FIEIS.ccci e e a e e 174
Channel NAMES........oeeeeeieeieitceee ettt et e e e e ettt ee et eee bbb seseeeeeeeaaaaseseeseeeeesnsnnes 174
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Channel Bandwidth

ACLR Setup

General Settings Channel Settings

Chanrel Count

EUTRA/LTE Square Tx [l

Manage User Standards Adj A

Bandwidths Spacing Limits Weighting Filters Names

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

9.015 MHz 9.015 MHz

The Tx channel bandwidth is normally defined by the transmission standard.

The correct bandwidth is set automatically for the selected standard. The bandwidth for
each channel is indicated by a colored bar in the display.

For measurements that require channel bandwidths which deviate from those defined
in the selected standard, use the IBW method ("Fast ACLR" "Off"). With the IBW
method, the channel bandwidth borders are right and left of the channel center fre-
quency. Thus, you can visually check whether the entire power of the signal under test
is within the selected channel bandwidth.

The value entered for any Tx channel is automatically also defined for all subsequent
Tx channels. Thus, only enter one value if all Tx channels have the same bandwidth.

The value entered for any ADJ or ALT channel is automatically also defined for all
alternate (ALT) channels. Thus, only enter one value if all adjacent channels have the
same bandwidth.

Remote command:

[SENSe: ] POWer:ACHannel : BANDwidth [ :CHANnel<ch>] on page 909
[SENSe: ] POWer:ACHannel : BANDwidth:ACHannel on page 908
[SENSe: ] POWer:ACHannel :BANDwidth:ALTernate<ch> on page 909

Channel Spacings

Channel spacings are normally defined by the transmission standard but can be
changed.
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If the spacings are not equal, the channel distribution in relation to the center frequency

is as follows:
Odd number of Tx channels The middle Tx channel is centered to center frequency.
Even number of Tx channels The two Tx channels in the middle are used to calculate the fre-

quency between those two channels. This frequency is aligned to
the center frequency.

The spacings between all Tx channels can be defined individually. When you change
the spacing for one channel, the value is automatically also defined for all subsequent
Tx channels. This allows you to set up a system with equal Tx channel spacing quickly.
For different spacings, set up the channels from top to bottom.

Tx1-2 Spacing between the first and the second carrier

Tx2-3 Spacing between the second and the third carrier

If you change the adjacent-channel spacing (ADJ), all higher adjacent channel spac-
ings (ALT1, ALT2, ...) are multiplied by the same factor (new spacing value/old spacing
value). Again, only enter one value for equal channel spacing. For different spacing,
configure the spacings from top to bottom.

For details, see Chapter 6.2.6.2, "How to set up the channels", on page 193

Remote command:

[SENSe: ] POWer:ACHannel:SPACing:CHANnel<ch> on page 911
[SENSe: ] POWer:ACHannel : SPACing [ :ACHannel] on page 910
[SENSe: ] POWer:ACHannel : SPACing:ALTernate<ch> on page 911

Limit Check

During an ACLR measurement, the power values can be checked whether they
exceed user-defined or standard-defined limits. A relative or absolute limit can be
defined, or both. Both limit types are considered, regardless whether the measured lev-
els are absolute or relative values. The check of both limit values can be activated
independently. If any active limit value is exceeded, the measured value is displayed in
red and marked by a preceding asterisk in the result table.

~I-1-1-1~,
o

The results of the power limit checks are also indicated in the STAT: QUES : ACPL sta-
tus registry (see Chapter 12.2.2.6, "STATus:QUEStionable:ACPLimit register”,

on page 821).

Remote command:

CALCulate<n>:LIMit<1li>:ACPower[:STATe] on page 922
CALCulate<n>:LIMit<li>:ACPower:ACHannel:ABSolute:STATe on page 916
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CALCulate<n>:LIMit<1i>:ACPower:ACHannel :ABSolute on page 916
CALCulate<n>:LIMit<li>:ACPower:ACHannel[:RELative] :STATe

on page 918
CALCulate<n>:LIMit<1li>:ACPower:ACHannel[:RELative] on page 917
CALCulate<n>:LIMit<li>:ACPower:ALTernate<ch>:ABSolute:STATe
on page 919
CALCulate<n>:LIMit<1li>:ACPower:ALTernate<ch>:ABSolute on page 919
CALCulate<n>:LIMit<1li>:ACPower:ALTernate<ch>[:RELative] :STATe
on page 921
CALCulate<n>:LIMit<li>:ACPower:ALTernate<ch>[:RELative]

on page 920
CALCulate<n>:LIMit<1li>:ACPower:ACHannel:RESult? on page 917

Total Limit Pass Mode
Supported only by the LTE and 5G application.

Access (ACLR measurement): "Meas Config" > "CP / ACLR Config" > "Channel Set-
tings" > "Limits"

Access (multi-carrier ACLR measurement): "Meas Config" > "CP / ACLR Config" >
"MSR General Settings"

The "Total Limit Pass Mode" selects the logic the ACLR limits are evaluated with if you
define both absolute limits and relative limits.

Bandwidths @ Spacing Limits Weighting Filters Names

Limit Checking On Off Total Limit Pass Mode Abs and Rel Abs or Rel

Relative Limit Absclute Limit

Figure 6-30: Evaluate both absolute and relative limits

If you define only relative or absolute limits, the R&S FSW only evaluates the corre-
sponding limits.
Bandwidths Spacing Limits Weighting Filters = Names

Limit Checking On off Total Limit Pass Mode

Relative Limit Absolute Limit

-43.8 dBc

-43.8 dBc

Figure 6-31: Evaluate only relative limits

If you change the limit evaluation method after the measurement, you have to refresh
the measurement.

The selected method adjusts the contents of the following result displays.
® ACLR result summary

The default value is according to 3GPP 38.141-1/2.

"Absolute” Checks the absolute limits defined for the ACLR. The limit check
passes when the signal level is within the absolute limits.
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"Relative" Checks the relative limits defined for the ACLR. The limit check
passes when the signal level is within the relative limits.

"Absolute and  The limit check for both, the absolute and the relative limits, must
Relative" pass to get an overall pass.

"Absolute or The limit check for either the absolute or the relative limits must pass
Relative" to get an overall pass.

Remote command:
CALCulate<n>:LIMit<1i>:ACPower:PMODe on page 921

Weighting Filters

Weighting filters allow you to determine the influence of individual channels on the total
measurement result. For each channel you can activate or deactivate the use of the
weighting filter and define an individual weighting factor ("Alpha:" value).

Weighting filters are not available for all supported standards and cannot always be
defined manually where they are available.

Remote command:

Activating/Deactivating:

[SENSe: ] POWer:ACHannel:FILTer [:STATe] : CHANnel<ch> on page 914
[SENSe: ] POWer:ACHannel :FILTer [:STATe] : ACHannel on page 913
[SENSe: ] POWer:ACHannel :FILTer [:STATe] :ALTernate<ch> on page 914
Alpha value:

[SENSe: ] POWer:ACHannel :FILTer :ALPHa:CHANnel<ch> on page 913
[SENSe: ] POWer:ACHannel :FILTer:ALPHa:ACHannel on page 912

[SENSe: ] POWer:ACHannel :FILTer:ALPHa:ALTernate<ch> on page 912

Channel Names

In the R&S FSW's display, carrier channels are labeled "Tx" by default; the first neigh-
boring channel is labeled "Adj" (adjacent) channel; all others are labeled "Alt" (alter-
nate) channels. You can define user-specific channel names for each channel which
are displayed in the result diagram and result table.

Remote command:

[SENSe: ] POWer:ACHannel : NAME : ACHannel on page 909
[SENSe: ] POWer:ACHannel :NAME: ALTernate<ch> on page 910
[SENSe: ] POWer :ACHannel : NAME : CHANnel<ch> on page 910

6.2.5 MSR ACLR configuration

Access: "Overview" > "Select Measurement" > "Channel Power ACLR" > "CP / ACLR
Standard" > "Standard": "Multi-Standard Radio" > "CP / ACLR Config"

ACLR measurements can also be performed on input containing multiple signals for
different communication standards. A new measurement standard is provided that
allows you to define multiple discontiguous transmit channels at specified frequencies,
independent from the selected center frequency. If the "Multi-Standard Radio" standard
is selected (see "Standard" on page 165), the "ACLR Setup" dialog box is replaced by
the "MSR ACLR Setup" dialog box.
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6.2.5.1
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Channel power and adjacent-channel power (ACLR) measurement

For more information, see Chapter 6.2.3.4, "Measurement on multi-standard radio
(MSR) signals", on page 158.

The remote commands required to perform these tasks are described in Chap-
ter 13.5.3, "Measuring the channel power and ACLR", on page 905.

e General MSR ACLR measurement settings...........ooooriiiiiiiiciccccciieeee e, 175
e MSR sub block and TX channel definition...........ccccoii e 180
e MSR adjacent channel SEIUP........cueeriieeiii i 183
o MSR gap channel SEIUPD.....ccci ittt 186
®  MSR ChanNel NAMES. .....coiiiiiiiie e e 191

General MSR ACLR measurement settings

Access: "Overview" > "Select Measurement" > "Channel Power ACLR" > "CP / ACLR
Standard" > "Standard"; "Multi-Standard Radio" > "CP / ACLR Config" > "MSR General
Settings" tab

MSR ACLR Setup

MSR General Settings Tx Channels Adjacent Channels Names

Sub B

Gap Channels

Multi-Standard Radio o

Manage User Standards

Reference Channel Max Power Tx Channel ACLR Mode Abs Rel

Noise Cancellation On Off Power Unit Abs JHz

Symmetrical
Adjacent Setup on i

Power Mode CLRW Max Hold
Limit Checking an Off

Adjust Settings

1] €= [0 F= T o N 176

L Predefined Standards.............ccccueveeiecueieeeeerieeeeesesessse s 176

L USEI SEANAAITS. ...ttt ettt ee e e e e eeee s 176
Number of SUD BIOCKS.........coooii e 177
ReferenCe ChanNEl............uueueeeeeeeie et e e e e e e e e e e eeeeeees 177
NOISE CaNCEIIAtION.....ceeiieieietccccece e e e e e e e e e e e e e e e eaeeeees 178
7= (= Tor (Yo I I = Vo7 Y USSR 178
Absolute and Relative Values (ACLR MOAE)........cuvuiiiiieimiiiiiiiie e eeeeeeeeeeeeeeeeeeeeenens 178
Channel power level and density (Power Unit)..........cooooiiiiiiiiirie, 179
POWET IMIOQE ... ..t e e e e e e e e et e e e e e e et a e e e aeeaaaas 179
Optimized Settings (Adjust SettiNgS)......cuuuiiiiiiii e 179
Symmetrical AdjJacent SEIUP......coii i 180
] 0T O =Y o1 (1 Vo TR 180
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Standard

The main measurement settings can be stored as a standard file. When such a stan-
dard is loaded, the required channel and general measurement settings are automati-
cally set on the R&S FSW. However, the settings can be changed. Predefined stand-
ards are available for standard measurements, but standard files with user-defined
configurations can also be created.

Note: If the "Multi-Standard Radio" standard is selected, the "ACLR Setup" dialog box
is replaced by the "MSR ACLR Setup" dialog box (see Chapter 6.2.5, "MSR ACLR
configuration", on page 174).

If any other predefined standard (or "NONE") is selected, the "ACLR Setup" dialog box
is restored (see Chapter 6.2.4, "Channel power configuration”, on page 164).

Note that changes in the configuration are not stored when the dialog boxes are
exchanged.

Predefined Standards < Standard

Predefined standards contain the main measurement settings for standard measure-
ments. When such a standard is loaded, the required channel settings are automati-
cally set on the R&S FSW. However, you can change the settings.

The predefined standards contain the following settings:

Channel bandwidths

Channel spacings

Detector

Trace Average setting

Resolution Bandwidth (RBW)

Weighting