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You can define a user master PIN the same way. By default, the user master PIN is
the OEM master PIN as shown in the "Instrument Settings" dialog box.

> Select the "Master PIN Code" menu item.
The R&S FSH opens an input field to define a user master PIN.
Master PIN Code User Master: ¢ D
» Enter a 10-digit number for the user master PIN.
The R&S FSH opens an input field to confirm the user master PIN.
» Confirm the PIN.
The R&S FSH shows a message if the change was successful or not.

> Alternatively, select the "User Master PIN Code" menu item and enter a 10-digit
PIN in the input field that opens.

New User Master PIN Code User Master:  { Il D
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2.6 Taking Screenshots

You can take and store a screenshot of the current screen anytime with the £x key.
» Pressthe x key.
The R&S FSH takes a screenshot.

If available, the R&S FSH stores the screenshot on an external storage device (USB
memory stick or SD card). If both are connected, the R&S FSH uses the SD card.

If no external device is available, the R&S FSH stores the screenshot in its internal
memory (if there is enough left). In that case you can transfer the pictures with the
R&S InstrumentView software to your computer.

Saving screenshot and dataset at the same time

Depending on the "Capture" settings available in the "User Preference" menu, using
the ¥ key also saves a dataset in addition to the screenshot.

For more information see "Managing Datasets" on page 31.

Screenshot file name

All screenshots get a default file name "Screenshot####". The files also get numbers
(####) in ascending order, beginning with 0000. You can select a default file name and
start number in the "User Preference" menu.

» Press the SETUP key.
» Press the "User Preference" softkey.

» Select the "Default Filename" and "File Name Counter Starts At" items and assign
a file name and number as you wish.

Screenshot file format

The file format of screenshots is either *.png or *.jpg, depending on your configuration
in the "User Preference" menu.

» Press the SETUP key.
» Press the "User Preference" softkey.

» Select the "Capture Screen Format" item to select the screenshot file format.

Previewing screenshots

If you want to make sure if a screenshot you took contains the wanted information, you
can preview screenshots on the R&S FSH.

» Press the SAVE/RECALL key.
» Press the "Recall Screenshot" softkey.

The R&S FSH opens a dialog box to select a screenshot for the preview.
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2.7 Saving Events

The R&S FSH provides functionality that automatically saves measurement information
if a certain situation or event occurs.

Saving events is possible in all operating modes.

» Press the SETUP key.

» Press the "User Preference" softkey.

» Select the "Save on Event" menu item.

» Select "On" from the "Save on Event" dropdown menu.
The R&S FSH turns on automatic event recognition. You can select one of several
events that trigger the storage of measurement data.

Data types

You can select several data types to save when an event occurs.

A screenshot of the sweep that contains the event (.png or .jpg file)
A dataset of the sweep that contains the event (.set file)

e The GPS coordinates of the location where the event happens (.gpx file) - a GPS
receiver and option R&S FSH-K16 is required for this

» Press the SETUP key.
» Press the "User Preference" softkey.

» Select the "Capture Screen”, "Capture Dataset" or "Capture GPX" menu item and
turn it on or off.

If on, the corresponding information is included in the saved data.

Timing of the data capture

Note that the R&S FSH evaluates the measured data after a sweep is done and thus
detects and saves an event only after a sweep has been completed.

Event types

To use the "Save on Event" functionality, you have to select an event type that triggers
the capture of the selected data. The R&S FSH supports several event types.

» Press the SETUP key.
» Press the "User Preference" softkey.

» Select the "Event Source" menu item and select an event type from the dropdown
menu.

e Time interval
Saves measurement data every <x> seconds.

You can define the duration of the time interval via the "Time Interval” menu item.
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Single sweeps and sweep time

Note that it is not possible to save measurement data every <x> seconds in single
sweep mode, because the R&S FSH only performs one sweep and then stops.

Note also that the time interval must be longer than the sweep time. If the time interval
would be shorter, the R&S FSH would not be able to save data, because a sweep has
to be complete before the R&S FSH is able to save the data.

e Limit failure

Saves measurement data if a limit line is violated. (not supported by Geotagging
mode yet)

The R&S FSH provides different modes for handling limit check failures. You can
select one via the "Limits Save Mode"

- Start on failure: starts to save measurement data if a limit line is violated.
- Stop on failure: stops to save measurement data if a limit line is violated.
- Save only failure: saves only the sweeps that actually fail a limit check.

e Distance interval
Saves measurement data after you have covered a certain distance.

You can define the distance that must covered before data is saved via the
"Distance Interval" menu item.

e Every sweep

Saves the data of all measurement sweeps that are performed.

Storage device

To use the "Save on Event" functionality, you need an SD card or USB stick to store
the data on. The internal memory would probably not be sufficient.

» Press the SETUP key.

» Press the "User Preference" softkey.

» Select the "Recording Storage" menu item.
>

From the dropdown menu, select the storage device you prefer (SD card or USB
device)
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2.8 Connecting the R&S FSHto a PC

The R&S FSH comes with the R&S InstrumentView software package. This software
package features several tools that allow you to document measurement results or
create and edit limit lines or channel tables among other things.

Note that the .NET Framework 2.0 (or higher) is required on the PC to run the software
properly.

You can set up a connection between the R&S FSH and R&S InstrumentView either
via its LAN port or its mini USB port.

You have to install the R&S InstrumentView software on the PC before you are able to
establish a connection.

» Run the CD-ROM delivered with the R&S FSH.
» Navigate to the "Software" section and start the setup file.
» Follow the instructions on the screen.

Alternatively, you can download the latest R&S InstrumentView from the R&S FSH
product homepage.

http://www.rohde-schwarz.com/product/fsh.html

Firewall settings

If no connection can be established between the software and the R&S FSH after
successful configuration, check the firewall settings on your PC.
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2.9 Managing Datasets
The R&S FSH provides functionality to manage (save, restore etc.) datasets available
in its internal memory or an external storage device.

The USB interface that supports the use of memory sticks is available for models with
serial numbers 105000 and higher.

Read-only files

If a file is labeled with a lock symbol in the "Stat" column of the file manager, it is read-
only and therefore cannot be edited.

You can remove the read-only attribute in several ways.
e Connect the R&S FSH to a PC and start the R&S InstrumentView software.

In the software, start the "Synchronization Control”, select a file and lock or unlock
the file with the corresponding buttons.

[nztrument

x| B || a 8
{23 Public =] ci’:| | fﬁ]| |=j<|

Public

e Copy the file to a computer and remove the attribute with the Windows functionality
(right click on the file, select "Properties" and remove the check from the "Read-
only" checkbox.

Il Attributes: [(1Read-only  []Hidden

e Usethe SYSTem: SET:UNLock command to remove the read-only attribute. Note
that you might have to select the correct directory first with MMEM: CDIR.

MMEM:CDIR '\Public\Cable Models'
SYST:SET:UNL 'xyz.cblmod'

Datasets

Basically, the R&S FSH supports various types of datasets. The instructions below
primarily describe managing datasets that you create on the R&S FSH during
measurements, for example measurement results and configurations. Note that these
datasets have the file extension . set.

Datasets with the file extension . set are an image of measurement results and
configurations. Thus, you can subsequently reproduce the context of the
measurement.

You can use datasets for documentation, for example, or use them for a more detailed
analysis later on (for example with the R&S InstrumentView software). Note that
datasets also contain calibration data if calibration has been performed.
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Templates

The R&S FSH also supports various other types of datasets (or templates). Such
templates mainly contain additional requirements for a particular measurement, like
limit lines or channel tables.

Creating and editing these templates is only possible with the functionality provided by
the R&S InstrumentView software package. Note that the file extension depends on
the application of the template. For example, a template containing a channel table has
the extension . chntab.

For more information on working with templates refer to the documentation of the
R&S InstrumentView software package.
Data synchronization

The R&S InstrumentView features a data synchronization that matches the data
available on the R&S FSH and that on the computer with the R&S InstrumentView
installation.

» Select "Instrument” > "Synchronization".
The software opens another dialog box to control synchronization.

By default, the software synchronizes a selected set of data, depending on the
synchronization direction.

e Synchronization from PC to R&S FSH: "To Remote" button

Updates all files on the R&S FSH that have been created or edited with the
R&S InstrumentView software package (cable models, limit lines, transducers,
channel tables etc.).

e Synchronization from R&S FSH to PC: "To Local" button

Updates all files on the PC that have been created on the R&S FSH (datasets,
screenshots and wizard results).

e Synchronization in both directions: "Synchronize" button

Updates all files on both the R&S FSH and the PC.

Removing outdated files

When you turn on "Remove Orphans”, the software removes all files from the
R&S FSH that it cannot find on the PC.
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2.9.1 Saving Datasets

The R&S FSH allows you to save the data that is currently analyzed at any time.
» Press the SAVE/RECALL key.

The R&S FSH opens the file manager.
> Press the "Save" softkey.

The R&S FSH opens the "Save Dataset" dialog box.

Save Dataset 01/02/00 2212
Stat Name Siza | Date | Time
Ay  Public . Datasets’...
=] Public
ataseebil. set B2 kB 002 2000 11
atasetDd2 set 2 kB 02 2000 212
DataseeDdd.set kB 2 2000 212

Available datasets and folder structure

Dataset name input field

Remaining memory on selected data storage device
File manager softkey menu

A WN P

The folder structure shows all available data storage devices. Possible storage devices
are the internal memory of the R&S FSH, an SD card or a memory stick.

The default storage device depends on which devices are connected to the R&S FSH.

e If an SD card is connected, datasets are always stored there first.

e |f a memory stick is connected, datasets are stored there only if no SD card is
connected.

e The internal memory is used only if neither SD card or memory stick are connected.

The internal memory provides approximately 20 MB of data, therefore the number of
datasets you can save on the R&S FSH is limited. Each dataset needs about 100 kB of
memory, but this value can vary.

If you are using an external storage device, the number of datasets you can save is
limited only by the size of the storage device.
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The R&S FSH shows the remaining memory on the storage device in the dialog box.
» Select the storage device you want to save the data to.

> Select the folder you want to save the data to.

» Enter a file name in the corresponding input field.

The default file name for datasets is "Dataset###.set" with a new number in
ascending order for each new dataset. The file extension for datasets is . set.

If you enter another name, the R&S FSH uses that name and assigns a new
number to the file name if you save the data set the next time. This function allows
you to assign consecutive dataset file names without entering a new name every
time you want to save a dataset.

You can enter the file name with the alphanumeric keypad. Each key covers more
than one character. To get the character you want, press the key in question the
appropiate number of times.

Instead of entering a file name character by character, you can also put a name
together using the quick naming feature. For more information see "Quick Naming
of Datasets" on page 36.

» Press the "Save" softkey.
The R&S FSH saves the dataset.

2.9.1.1 Saving Datasets in a .csv File

In the spectrum application, you can also export datasets as . csv files that you can
open and evaluate with a text editor or spreadsheet. Export to . csv files is not
supported for spectrograms.

> Press the "Save Recall" key to open the file menu.
» Select the "Export CSV" menu item to open the file manager.
When you save a dataset, the R&S FSH automatically opens the \Datasets folder.

» If you want to save the dataset in a different folder or an external memory device,
navigate to the folder you like.

» Enter the file name in the "Save As" input field.

» Confirm saving the dataset with the "Save" menu item.
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2.9.1.2 Alternative Ways to Save Datasets
The R&S FSH provides alternative and more comfortable ways to save datasets.

Using the X key
You can configure the £ key to take a screenshot as well as saving a dataset.
» Press the SETUP key.
» Press the "User Preference" softkey.
» Select the "Capture Dataset" item and turn it on.
If on, pressing the ¥ key saves a dataset of the current measurement.

Pressing the % key saves the selected data of the current measurement.

Saving events

You can configure the R&S FSH to save a dataset when an event occurs.
» Press the SETUP key.

» Press the "User Preference"” softkey.

» Select the "Capture Dataset" item and turn it on.

If on, the R&S FSH saves a dataset of the current measurement if an event occurs.
For more information on events see "Saving Events" on page 23.

2.9.1.3 Renaming File Names

If necessary, you can rename files or file directories directly on the R&S FSH.
» Enter the "File Manager".

» Select the file or directory you want to rename.
» Press the "Select Action” softkey.
» Select the "Rename” menu item.

The R&S FSH opens an input field to change the name of the file.
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2.9.1.4 Quick Naming of Datasets

The R&S FSH provides a quick naming feature that speeds up the process of naming
afile.
Putting together a file name

Basically, using the quick naming feature is a way of compiling a file name by putting
one or more predefined text modules or terms together in a logical way.

The various terms are combined in a table, each cell of which contains one term. The
table consists of 120 cells. You can define the contents of each cell freely.

» Press the SAVE/RECALL key.
» Press the "Save" softkey.
» Press the "Quick Naming" softkey.
The R&S FSH opens a dialog box that contains the terms.

> Select the term you want to add with the cursor keys.

» Press ENTER to add the term to Site_LTE_ULl

Location Site RL Sector uL 450

the file name. L A oL 700

VSWR B 850

. . . DTF c GSM 900

The current file name is displayed isoL 0 umTS 1800

. . POW E CDMA2000 1900

in the line above the table. SPECTR EVDO 2100
actR | LTE

TD-SCDMA

So, if you perform, for example, an
ACLR measurement of an uplink
LTE signal at a certain location,
you might want that information in
the file name:

'Site_LTE_UL_ACLR'

po ange Alto
Export Table Item Insert

> Press the "OK" softkey to exit the quick naming table.

After you have exited the table, the file name appears in the "Save as:" field in the
"Save Dataset" dialog box. If necessary, you can then add additional characters.

Note that by default, the R&S FSH adds a term without separators between each term.
If you need a separator between the term, you can add a blank space or an
underscore.

> After having added a term, press the "_" softkey or the "Space" softkey.

Or to add a separator automatically upon adding a term.

» Press the "Auto Insert" softkey.

» Select the "Off" menu item to add no separator, the " " menu item to add an
underscore or the "Space" menu item to add a blank space.

Operating Manual 1173.6275.12 - 35



R&S FSH Operating the R&S FSH

Managing Datasets

Designing a quick naming table

The firmware of the R&S FSH already has some basic mobile communication terms in
the table. However, you can add up to 120 terms to the table.

>

>
>
>
>

Press the SAVE/RECALL key.

Press the "Save" softkey.

Press the "Quick Naming" softkey.

Select one of the table cells with the cursor keys.

Press the "Change Table Item" softkey.

The R&S FSH opens an input field to define a term for the cell.

Define a term with the number keys and confirm the term with ENTER.

The R&S FSH adds the term to the table.

You can create and edit quick haming tables with the R&S InstrumentView software
package and then transfer them into the internal memory of the R&S FSH.

>
>

In the "Quick Naming" softkey menu, press the "Import" softkey.
Select the "Import Quick Naming Table" menu item.

The R&S FSH opens a dialog box to select a file to import.

The same way, you can also export a quick naming table.

>
>

In the "Quick Naming" softkey menu, press the "Export" softkey.

Select the "Export Quick Naming Table" menu item.
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2.9.2 Restoring Datasets

You can preview and load previously saved measurement results with the recall
function of the R&S FSH. This function also provides easy access to previous
measurement settings so that you do not have to set up the R&S FSH again.

» Press the SAVE/RECALL key.
The R&S FSH opens the file manager.
» Select the dataset you want to use.
The R&S FSH restores the configuration that the dataset contains.

By default, the most recently saved dataset is highlighted. If you need another dataset,
navigate to the folder or storage device that contains the dataset you need.

2.9.2.1 Previewing a Dataset

The R&S FSH provides a preview of datasets. The preview is like a screenshot and
lets you take a quick look at that measurement and its settings. The R&S FSH does
not yet activate the measurement settings of that dataset.

» Browse through the available datasets and select the one you want.
» Press the "Recall" softkey.

The R&S FSH shows a preview of the measurement contained in the selected
dataset. The preview shows the measurement results as well as the measurement
settings.

» Use the rotary knob to browse the previews of all datasets available in the selected
folder.

» Press the "Exit" softkey to return to the "Recall Dataset" dialog box.

2.9.2.2 Loading a Dataset
If you find a dataset whose settings you need for your current measurement task, you
can load it.
> Press the "Activate" softkey.

The R&S FSH loads the dataset in question and adjusts its measurement settings
to those of the dataset.
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2.9.2.3 Quick Recall of Instrument Settings

For regular measurement tasks, the R&S FSH allows quick access to previously saved
datasets by linking a particular dataset to one of the softkeys.

Assigning a dataset to one of the softkeys

>

Press the SETUP key.
The R&S FSH opens the setup menu.
Press the "User Preference" softkey.

The R&S FSH opens the User Preference Setup menu.

In this menu you can customize the name of one of the softkeys F1 to F6 and assign a
dataset to a specific softkey for quick access to that dataset. By default, the name of
the label is "User-Pref 1" to "User-Pref 6".

>
>

Select one of the user key labels F1 to F6.

Customize the name of the softkey by entering a new one with the alphanumeric
keys, e.g. 'user label 1'.

The first word of the key label is displayed in the first row of the label, the rest in
the second row. If a label is too long to be displayed, it is truncated. If you enter no
label, the softkey will be inactive.

Select the user key dataset corresponding to the customized user key label F1 to
F6.

The R&S FSH opens the file manager and displays a list of available datasets.
Select the dataset you want to assign to the softkey.

The R&S FSH returns to the "User Preference Setup” menu. The dataset is now
assigned to the softkey.

Recalling a dataset

>
>

Press the USER key.
Press one of the softkeys F1 to F6 in the menu.

Note that the label of the softkeys depends on the settings made in the "User
Preference Setup" menu.

The R&S FSH immediately activates the dataset assigned to that softkey.
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2.9.3 Deleting Datasets

If you have to delete a dataset, you can do so with the file manager.
» Press the SAVE/RECALL key.
> Press the "File Manager" softkey.

The R&S FSH opens the file manager.

» In order to delete a single dataset, press the "Select Action" softkey. Select
"Delete" and the dataset currently selected is deleted after your confirmation.

In order to delete multiple data sets, the respective datasets have to be marked first.
» Press the "Mark" softkey to mark files for deletion
» Select the dataset you'd like to delete.
» Mark the data sets with the ENTER key.
The selected data sets should be checked in the "Status" column.

Repeat the selection by moving the cursor with the rotary knob or the cursor key
and marking more data sets with the ENTER key.

> Press the "Select Action" softkey.

» Select the "Delete” menu item and confirm with the ENTER key or the "Select
Action" softkey.

Before deleting the data set, the R&S FSH shows a warning message that you
need to confirm. After confirming the deletion process the R&S FSH deletes the
selected data sets from its memory.
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3 Working with the Measurement Wizard

When testing antennas and cables it is often necessary to perform a sequence of
standardized and recurring measurements, often in an environment that is not easily
accessible. To make sure that measurements are performed as required and to avoid
a constant adjustment of parameters, the R&S FSH features a measurement wizard.

The measurement wizard allows you to combine several individual measurement
configurations to a sequence of measurements (or measurement set). Because all
relevant parameters have been set prior to the actual measurement and cannot be
changed once the measurement procedure has begun, the wizard is a good way to
avoid mistakes and save time when setting up measurements.

This chapter describes the functionality of the measurement wizard. For details on the
individual measurements you can perform with the wizard, refer to the corresponding
chapters.

Spectrum Analyzer Mode on page 53

Power Meter on page 138

Network Analyzer Mode on page 157

Distance-to-Fault Mode (R&S FSH-K41) on page 181
Receiver Mode on page 237

Interference Analyzer (R&S FSH-K15/ -K16) on page 157
Digital Modulation Analyzer on page 249

You can use the wizard for measurements in all operating modes.

Note that it is necessary to install and use the R&S InstrumentView software package if
you want to access the measurement wizard.
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3.1 Preparing the Measurement

3.1.1

Before you can use the measurement wizard you have to define a measurement set
with the R&S InstrumentView software package and transfer it to the R&S FSH.

The latest version of the R&S InstrumentView is available for download on the
R&S FSH website at

http://www.rohde-schwarz.com/product/fsh.html

Creating a Measurement Set

A measurement set consists of several datasets. A dataset is a file that contains the
settings of a specific R&S FSH configuration, for example frequency, scaling etc. To
get hold of a dataset, set up the R&S FSH as you need and save the configuration or
use one of the predefined datasets.

For more information on datasets see "Saving Datasets" on page 33.
» Start the R&S InstrumentView software on your PC.
> Select the "Wizard Set Editor" ("Preparation” »"Wizard Sets").

The R&S FSH opens a dialog that provides all functionality to manage
measurement sets.

@atasets on PC @ Wizard Settings @Maasuremenl Settings

Dataset Name
Dataset003.set

Dataset003.set

nstructions

» Encryption

[c:\Applications\QuadboxRemote\Limit Files \:‘ o =
Name Date Time v Global
Dataset001.set 06.03.2017 12:01 Measurement Set Name
Dataset002.5et 06.03.2017 12:01 . i
Description (Optional)
Dataset003.set 06.03.2017 13:41
Description / |
Measurement Font  "St"U™MeNt
Dataset004.set 06.03.2017 13:41
Dataset005.set 06.03.2017 1339 Default Calibration  Factory
[[] Allow Variable Number of ] Allow Skip Measurements
@ View o+ Add A vp T Remove Sequence Steps L & Finish Wizard Sequence
(2Measurements

» Cable Definition for Antenna & Cable Test

New Open Save

A WN P
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The "Wizard Settings" tab contains several setting categories.

Wizard Settings Measurement Settings

v Global

Measurement Set Name  Testing

Description (Optional) A test set.

Description /

Instrument v
Measurement Font

Default Calibration ~ Factory v

OICHCONONO

L] Allow Variable Number@LJ Allow Skip Measurements
Sequence Steps & Finish Wizard Sequence

Name of the measurement set

Description of the measurement task

Font type for on-screen instructions (latin and some asian fonts are supported)
Calibration method

Measurement sequence control

Measurement sequence control

o WNBRE

Wizard Settings Measurement Settings

» Global

v Encryption

@ Encryption Enabled
Authentication

Password

Confirm Password
@ E1 Use all Instrument
Serial Numbers
Specific Serial Numbers

Add new Serial Number

/_\_/

1 Measurement set password protection state
2 Password definition
3 Restriction of encryption to certain instruments

Wizard Settings Measurement Settings

» Global

» Encryption

¥ Cable Definition for Antenna & Cable Test

® O b settings.
Cable Model

@

Cable Length (Meter)

¥ Browse

1 Control of cable characteristics (model and length) after individual measurements
2 Cable characteristics (length and model)
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» Set up the measurement set as you like by adding or removing datasets.

The editor also allows you to add comments to each measurement that is part of the
measurement set. You can also rename the measurement.

> Select one of the datasets and select the "Measurement Settings" tab.

Wizard Settings Measurement Settings

v Measurement

Measurement Name

Linked Dataset Dataset001.set

Instructions

Instruction Picture

Picture Name

i Browse © @
v Hardware Settings
BNC1 Trigger Input v
32 Default
v Calibration Settings
Specific Calibration  Factory v

In this dialog box, you can

- see the name of the selected dataset

- define a name for the corresponding measurement

- include instructions (verbal or graphical) about performing the measurement
- define several hardware settings as described in the Quick Start Guide.

- select a calibration method specific for that measurement

You can add instructions for every measurement that you include in the set to
avoid handling measurements incorrectly.

The R&S FSH shows these instructions before the measurement starts.

Password protection for measurement sets

It is possible to protect the contents of measurement sets with a password from
unauthorized access.

If you protect a measurement set, you are able to edit the contents of the
measurement set only after you have entered the correct password.

In addition, you can control who is using the measurement sets by limiting its access
to a particular set of R&S FSH serial numbers only. All other devices will not be able
to process these wizard files.
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3.1.2 Uploading Measurement Sets
In order to perform the actual measurements, you have to upload the wizard definition
file that contains the set of measurements to the R&S FSH.
» Select the file transfer workspace ("Instrument” » "File Transfer").
> Select the measurement set you want to upload.
» Copy the files with the "<<" button.

The software stores a copy of the measurement set in the memory of the
R&S FSH.

Alternatively, you can use a memory stick or SD card to transfer and access a
measurement set on the R&S FSH.
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3.2 Using the Measurement Wizard

Now that the measurement set is available on the R&S FSH you can start performing
measurements.

3.2.1 Starting the Measurement Wizard

» Press the USER key.
» Press the "Wizard" softkey".

The R&S FSH opens the "Wizard" dialog box. This dialog box contains information
about the measurement set, including several parameters whose values you can
change during the measurement (for example the site name).

» Press the "Load Meas Set" softkey.
The R&S FSH opens the file manager.

Select the file that contains the
measurement set that you require.

Confirm the selection with the
"Select" softkey.

The R&S FSH returns to the
measurement wizard dialog box. It
now displays information about the
measurement set you have just
loaded.

Wizard

Measurement Definition VSWR Test =

User
Number of Sequence Steps to perform
Site
Site Name
Comments
Cable Definition for Antenna & Cable Test
Use Wizard Cable Settings No
Cable Model

Cable Length

Calibration Settings

Use Stored Calibrations

Yes

Measurements
TR e STATT m—
Meas Set Meas Set

e

Manager Wizard

The dialog box contains the following information:

e Measurement Definition

Name of the wizard definition file currently in use. Pressing the ENTER key on this
field has the same effect as the "Load Meas Set" softkey.

e Measurement Description

Short description of the measurement task. This is a read only field that shows the
description as defined with the R&S InstrumentView software.

e User
Name of the person that performs the measurement.
e Number of Sequence Steps to Perform
Number of individual measurements in the measurement sequence.

The field allows you to reduce the number of individual measurements and perform
only those measurements that are really necessary. If you reduce the number of
measurements, the R&S FSH omits the last measurements in the sequence.

You can edit this field only if you have turned on the "Allow Variable Number of
Sequence Steps" in the "Wizard Set Editor" of the R&S InstrumentView software.
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e Site Name
Location of the measurement.
e Comments

Comments about the measurement, e.g. the external conditions during the
measurement.

e GPS Position

Shows the GPS position, if you have connected a GPS receiver. Pressing the
ENTER key on this field results in an update of the GPS coordinates.

e Use Wizard Cable Settings

Determines if you want to use the cable characteristics as defined in the
measurement set or if you want to be able change cable characteristics on site.
Select "Yes" to use the predefined cable characteristics. In That case the
parameters below will be locked.

e Cable Model

Cable model that you perform the measurement on. You can define a cable model
with the R&S InstrumentView software, but can also change the cable model on
short notice, if necessary.

e Clear Cable Model
Deactivates the currently active cable model.

e Cable Length
Length of the cable that you perform the measurement on.

e Calibration

Calibration method to use before the measurement starts. This is a read only field,
the calibration method has to be defined with R&S InstrumentView.

You have to calibrate the R&S FSH before you can begin with the measurement
sequence defined in the wizard. If the R&S FSH has already been calibrated with
the defined routine prior to starting the wizard, the R&S FSH skips the calibration
and directly starts the measurement.

e Measurements

List of all individual measurements (datasets) that need to be performed for
successful completion of the measurement task. The list also shows the
measurements that still need to be performed.

Some parameters of the measurement setup you can still change directly on the

R&S FSH. These are mainly parameters whose details may not be available when you
define the measurement set or whose details may differ depending on the
measurement site, e.g. the cable length or the cable model if it is different to the one
defined previously.

» To change a parameter, select it with the cursor keys and activate the
corresponding input field with the ENTER key.

» Update all parameters that are not correct for the current measurement.
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3.2.2 Performing a Sequence of Measurements

Now that you have updated all parameters concerning the measurement task, you can
start the measurement procedure.

» Press the "Start Meas Set" softkey.

If calibration of the R&S FSH is necessary for the measurement task, it asks you to
perform the calibration routine. The stages of the calibration depend on the defined
calibration routine.

For more information see "Calibrating Measurements" on page 204.

Calibration pool

The R&S FSH adds the calibration data of each calibration you perform to a calibration
pool available on its internal memory. Each dataset in the calibration pool is unique for
a particular calibration method and a particular measurement configuration.

Note that the calibration is only valid for the instrument it has been performed on.

Before you start a measurement sequence with the measurement wizard, the
R&S FSH compares the contents of the calibration pool to the measurement
configurations and required calibration methods in the measurement sequence.

e If the R&S FSH has already been calibrated for a particular configuration, it
restores that data. Another calibration is not necessary.

e If the R&S FSH has not been calibrated for a particular configuration yet,
calibration becomes necessary. The new calibration data is added to the pool.

Therefore, calibration is necessary only for calibration methods that have not been
used for a particular measurement configuration before.

However, it is recommended to perform calibration on a regular basis to keep
measurements as accurate as possible.

You can delete obsolete calibration data from the folder:

\Public\CalibrationPool.

Measurement sequence

After having successfully calibrated the R&S FSH, it starts to go through the
measurements that are part of the measurement set. The sequence of measurements
is as defined with R&S InstrumentView.

Before each measurement, the Preparing new Measurement

R&S FSH shows a message box. rl_+45deg
Please connect ZVH Port 1 with antenna +45°!

The message box contains the information and instructions on how to prepare and
perform the measurement that you have defined with the R&S InstrumentView
software.

» Make the necessary preparations, like connecting the cable.

» Press the "Confirm" softkey.
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The R&S FSH performs the measurement as defined in the dataset and
measurement set. When finished, it shows the measurement results and says
Measurement Done -

Note that it is not possible to change any measurement parameters while using the
measurement wizard. Marker functionality, scaling parameters and (if configured
that way) cable settings are, however, available.

Changing cable characteristics

If necessary, you can define different cable characteristics (cable model and length)
after each individual measurement. This is useful, for example, if you want to do the
same measurements on different cables at one go.

This feature is available when you turn on "Prompt User to Change Cable Settings" in
the "Wizard Set Editor" of the R&S InstrumentView software.

When this function is on, the R&S FSH asks you to select new cable characteristics
during the preparation of a measurement.

» Press the "Yes" softkey if changes are required and select new cable
characteristics before proceeding with the measurement.

» Press the "No" softkey if changes are not required and proceed with the
measurement.

After each measurement step, you have several options:
- Continue with the next measurement ("Continue" softkey).

Finishes the current measurement and begins with the next measurement by
showing the necessary preparations.

- Repeat the current measurement ("Repeat Meas" softkey).

Repeats the current measurement, e.g. if the results don't match your
expectations and you want to validate the results.

- Interrupt the measurement set sequence ("Interrupt Wizard" softkey).

Interrupting the sequence of measurements may become necessary if the
measurement doesn't yield the expected results (e.g. violated limit lines).

In that case, you can interrupt the measurement sequence and try to find the
origin of the problem by using different settings or measurements than those
defined in the wizard.

When you interrupt the wizard sequence, the complete functionality is
available as if you would not use the wizard.

When you interrupt a measurement sequence, the R&S FSH keeps the results
of measurements you have already performed.

When you are finished reconfiguring the measurement, press the WIZARD key
and resume the measurement sequence with the "Resume Sequence" softkey.
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- Skip a measurement ("Skip Meas" softkey).
Skips a single measurement and initiates the subsequent measurement.

Skipping individual measurements is possible when you turn on "Allow to skip
measurements and finish wizard sequence” in the "Wizard Set Editor" of the
R&S InstrumentView software.

- End the measurement sequence ("Finish Wizard" softkey).

Ends the measurement sequence and returns to the "Measurement Wizard"
dialog box. The results of the measurements you have already finished are
kept in the memory of the R&S FSH.

Ending the sequence is possible when you turn on "Allow to skip
measurements and finish wizard sequence" in the "Wizard Set Editor" of the
R&S InstrumentView software.

- Abort the measurement sequence ("Cancel" softkey).

Aborts the measurement and returns to the "Measurement Wizard" dialog box.
The results of the measurements you have already finished are lost.

When you have finished all measurements that are part of the measurement set, the
R&S FSH asks you if you want to save the measurement results.

» Press the "Save Meas Results" softkey.

The R&S FSH saves the results on the selected storage device.

Limited internal memory

If you have to store the results on the internal memory, make sure that it has enough
space left to store them. Else the results might get lost. If the space is not enough, you
can delete old data with the file manager.

For more information see "Deleting Datasets" on page 40.

The results for a measurement set consist of a number of files, each file corresponding
to one of the performed measurements. For easy evaluation, the R&S FSH includes
the name of the measurement as defined in the wizard dialog or R&S InstrumentView
in the file name.

All result files that belong to a measurement set are stored in the same directory. The
directory is named after the measurement name and site. The syntax is
'sitename_measurement_#'.

The R&S FSH adds numbers in ascending order to files as well as directories if you
perform a measurement or measurement set more than once.
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3.3 Evaluating Results

The R&S InstrumentView software provides functionality to evaluate results and
compile measurement reports. However, before you can start to evaluate the results
you have to download the results to your computer.

» Select the "Report Generator"” function.

The R&S FSH opens a dialog box to select the measurement set(s) to download.
» Select the measurement set you want to download.
» Copy the files you want to include in the report with the "Add" button.

Now that the results are available, you can start to compile a measurement report with
the R&S InstrumentView. The report generator provides the following features.

—
(TDatasets on PC Report Settings (& Measurement Settings
[c:\Applications\QuadboxRemote\Limit \:\ T =
Name Date Time
[/] Show General Information [] Show Measurement Results
Dataset001.set 06.03.2017 12:01 -
how M [+] Show m i
Dataset002.cet 06032017 12:01 [] show Marker Data [] Show Measurement Settings
Dataset003.set 06.03.2017 13:41
Frontpage Logo  No Logo v
Dataset004.set 06.03.2017 13:41
Footer Logo  No Logo v
Dataset005.set 06.03.2017 13:39
A Up ¥ oown {J Remove (@) Reportlangusge English v Format  PDF -

@Datasets in Report

Dataset003.set
Dataset003.set

Dataset003.set

é‘j/\ Open after Generation

Generate

Source folder of the datasets

Measurement data to be included in the report

Selection of the included information on each report page
Selection of the output format

Save/load a report

Settings for the measurement set

o g WNPRE

With the report editor, you can create measurement reports for the full measurement
set or a selection of dataset only. You can also perform simple tasks like activating or
deactivating markers that have been set during the measurement.

» Add the results you want to include in the report by setting a checkmark or
removing the checkmark in the report pane.

» Select the report format you would like.

» Create the report with the "Generate" button.
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4

Performing Spectrum Measurements

Spectrum Analyzer Mode

The default operating mode of the R&S FSH is the spectrum analyzer. The spectrum
analyzer provides the functionality to perform measurements in the frequency domain,
e.g. to identify the power of signals.

4.1 Performing Spectrum Measurements

41.1

In addition to basic spectrum measurements, the R&S FSH provides several specific
measurements. These measurements, also in combination with one of the available
accessories, allow you to perform advanced and more complex measurement tasks.

Measuring Basic Signal Characteristics

Basic spectrum measurements determine the spectrum of a signal in the frequency
domain or keep track of a signal in the time domain. They provide a basic overview of
the input signal characteristics.

Frequency domain

In the frequency domain, the R&S FSH analyzes the input signal characteristics over a
particular span. You can use it, for example, to obtain basic measurement results like
peak levels and the shape of the spectrum.

The horizontal axis shows the frequency, the vertical axis shows the signal levels.

The measurement in the frequency domain is the default measurement mode.

Time domain

In the time domain, the R&S FSH analyzes the characteristics of a signal at a particular
frequency over time. The span during time domain measurements is 0 (zero span
mode). You can use time domain measurements, for example to monitor the
characteristics of a signal.

The horizontal axis shows the time, the vertical axis shows the signal levels.

To perform a time domain measurement, you have to set the span to zero manually.
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4.1.2 Measuring the Channel Power of Continuously Modulated Signals

The channel power measurement selectively measures the power of modulated
signals. Unlike a power meter that performs measurements over its entire frequency
range, the channel power measurement measures the power of a specific transmission
channel. Other signals in the frequency spectrum don't show in the results.

When measuring the spectrum within a channel, the R&S FSH uses a resolution
bandwidth that is small compared to the channel bandwidth. It then determines the
total power of the channel by integrating the results on the trace. The R&S FSH takes
the following parameters into account:

e display mode (absolute or relative)
e detector
e resolution bandwidth

That means that you can compare the result to the result that would have been
obtained from a thermal power meter. The small resolution bandwidth acts like a
narrow channel filter and so prevents out-of-channel emissions from affecting the
result.

» Press the MEAS key.
» Press the "Meas Mode" softkey.
» Select the "Channel Power" menu item.
The R&S FSH starts to measure the channel power.
By default, the 3GPP WCDMA standard is active. Two vertical lines show the

channel bandwidth.

Screen layout for channel power measurements

30 kHz *SWT: 100ms Trace:
: Free Run = Detect: RM3

Conter:1 GHz Span:4.608 MHz
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Y hioge  Standard T TTa g

Standard

Channel bandwidth

Channel power numerical

Channel bandwidth graphical (blue lines)
Channel power measurement softkey menu
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4.1.2.1 Selecting the Standard

If you need to perform measurements that are conform to a telecommunications
standard, you can activate one of the predefined standards that are already stored in
the R&S FSH memory. However, you can create new configurations to perform
measurements on other standards as well.

» Press the MEAS key.
» Press the "Standard" softkey.
The R&S FSH opens a dialog box to select the standard.
> Select one of the available standards.
» Confirm the selection with the "Select" softkey.

The R&S FSH loads the configuration of the selected standard. It automatically
sets the optimal span, resolution bandwidth, video bandwidth, sweep time and
detector for the standard.

If the measurement is not according to the selected standard anymore (e.qg. if you
make changes to a parameter), the R&S FSH puts a red dot in front of the
standard display (CEIEIEENTIHMTE).

You can create and edit standards with the R&S InstrumentView software and transfer
them to the R&S FSH via the USB or the LAN interface. The number of standards the
R&S FSH can store in its memory depends on the number of other data sets stored on
the R&S FSH.

For measurements on NB-loT signals, you can use an FFT sweep instead of the
frequency sweep, which is faster. In addition to predefined standards with FFT sweep,
you can select the FFT sweep while creating or editing a standard file in

R&S InstrumentView.

For more information see "Managing Datasets" on page 31.

4.1.2.2 Setting the Reference Level

The reference level is the power level that the R&S FSH expects at the RF input. When
selecting the reference level, make sure that you do not overload the R&S FSH by
applying a signal whose power exeeds the maximum reference level.

As the power is measured with a small resolution bandwidth compared to the signal
bandwidth, it is still possible to overload the R&S FSH, even if the trace is within the
measurement diagram. To prevent an overload, perform the measurement with the
largest resolution bandwidth possible using the peak detector. If you set these
parameters, it is not possible for the trace to exceed the reference level.

To simplify operation and to prevent incorrect measurements, the R&S FSH has an
automatic routine for setting the reference level.

» Press the AMPT key.

» Press the "Level Adjust" softkey.
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The R&S FSH performs a Level Adjust:
measurement to determine the Adjusting Level for Measurement
optimal reference level. EleasclWait-,

It uses a resolution bandwidth of 1 MHz, a video bandwidth of 1 MHz and the peak
detector. After finishing the automatic measurement, the R&S FSH sets the optimal
reference level.

4.1.2.3 Setting the Channel Bandwidth
The channel bandwidth specifies the frequency range around the center frequency,
over which the R&S FSH performs the power measurement.
» Press the MEAS key.
» Press the "Chan BW" softkey.
The R&S FSH opens an input field to specify the channel bandwidth.
» Enter the channel bandwidth you need.

The R&S FSH sets the appropriate span for the channel bandwidth that you have
entered (span = 1.2 x channel bandwidth). This ensures that no incorrect channel
power measurements are made.

The minimum channel bandwidth that you can set is 833 Hz at a span of 1 kHz.

4.1.2.4 Changing the Span

Usually, the span the R&S FSH sets yields optimal results. But sometimes you also
need to see the spectrum outside the current span to detect other signal components
that you need to include in the measurement. Therefore, you can adjust the span to up
to ten times the channel bandwidth and hence still be able to see the spectrum outside
the measurement channel.

» Press the SPAN key.

In the default configuration, "Auto Span” is active. The R&S FSH automatically sets
the optimal span for the channel power measurement.

» Press the "Manual Span" softkey.
The R&S FSH opens an input field to define the span manually.
» Enter the span you need.

The largest possible span for the channel power measurement is ten times the
channel bandwidth. At larger spans, the result of the channel power measurement
would be increasingly imprecise, because too few points of the trace would be in
the channel you are measuring.

» Press the "Auto Span" softkey.

The R&S FSH again calculates the span automatically.
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4.1.2.5 Measuring the Maximum Channel Power
If signal levels fluctuate significantly, you can define the maximum channel power with
the Max Hold function.
» Press the MEAS key.
» Press the "Power Display" softkey.
» Select the "Max Hold" menu item.
The power display switches from "Power" to "Max Power".

If you want to deactivate the Max Hold function and return to the normal power display,
activate Clear/Write.

» To deactivate the Max Hold function, press the "Power Display" softkey.
» Select the "Clear/Write" menu item.

The power display returns to "Power" display.

4.1.2.6 Unit for Power Display

The R&S FSH can apply different units to the power output. The default unit is dBm.
» Press the MEAS key.

» Press the "Power Unit" softkey.

» Select the unit you want from the submenu.

The R&S FSH displays the power level in the selected unit.
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4.1.3 Measuring the Occupied Bandwidth

The proper operation of a transmission network requires that all transmitters adhere to
the bandwidths assigned to them. The occupied bandwidth is defined as the bandwidth
that contains a specified percentage of the entire power of the transmitter.

Numerous standards require a occupied bandwidth of 99 %. Therefore this is the
default setting. If you need another percentage for the occupied bandwidth you can set
values from 10 % to 99.9 %.

After entering the channel bandwidth, the R&S FSH automatically selects the
measurement parameters so that you can attain the best result.

> Press the MEAS key.
» Press the "Meas Mode" softkey.
The R&S FSH opens the measurement menu.
» Select the "Occupied BW" menu item.
The R&S FSH starts to measure the occupied bandwidth.

Two vertical lines show the occupied bandwidth.

Screen layout for the occupied bandwidth
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4.1.3.1 Selecting a Standard

If you need to perform measurements that are conform to a telecommunications
standard, you can activate one of the predefined standards that are already stored in
the R&S FSH memory. However, you can create new configurations to perform
measurements on other standards as well.

> Press the MEAS key.
» Press the "Standard" softkey.
The R&S FSH opens a dialog box to select the standard.
> Select one of the available standards.
» Confirm the selection with the "Select" softkey.

The R&S FSH loads the configuration of the selected standard. It automatically
sets the optimal span, resolution bandwidth, video bandwidth, sweep time and
detector for the standard.

You can create and edit standards with the R&S InstrumentView software and transfer
them to the R&S FSH via the USB or the LAN interface. The number of standards the
R&S FSH can store in its memory depends on the number of other data sets stored on
the R&S FSH.

For more information see "Managing Datasets" on page 31.
If you make changes to the settings or create datasets, note that

e the span is always coupled to the channel bandwidth. Changes to either of those
automatically adjust the other (= 5 x channel bandwidth).

e the resolution bandwidth should be between 1 % and 4 % of the channel
bandwidth. This ensures that the occupied bandwidth is measured with high
accuracy.

e the video bandwidth must be at least three times the resolution bandwidth. This
prevents incorrect results due to the compression of signal peaks by the video
filter.

e you use the RMS detector if possible. This ensures that the power measurement is
always correct irrespective of the waveform being investigated.

e the sweep time must be set so that the result is stable. If you increase the sweep
time, the R&S FSH also increases the integration time for the RMS detector and
thus ensures more stable measured values.

4.1.3.2 Setting the Reference Level

The reference level is the power level that the R&S FSH expects at the RF input. When
selecting the reference level, make sure that you do not overload the R&S FSH by
applying a signal whose power exeeds the maximum reference level.

As the power is measured with a small resolution bandwidth compared to the signal
bandwidth, it is still possible to overload the R&S FSH, even if the trace is within the
measurement diagram.
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To prevent an overload, perform the measurement with the largest resolution
bandwidth possible using the peak detector. If you set these parameters, it is not
possible for the trace to exceed the reference level.

To simplify operation and to prevent incorrect measurements, the R&S FSH has an
automatic routine for setting the reference level.

» Press the AMPT key.
» Press the "Level Adjust” softkey.
The R&S FSH performs a measurement to determine the ideal reference level.

It uses a resolution bandwidth of 1 MHz, a video bandwidth of 1 MHz and the peak
detector. After finishing the automatic measurement, the R&S FSH sets the ideal
reference level.

4.1.3.3 Setting the Channel Bandwidth
The channel bandwidth specifies the frequency range around the center frequency,
over which the R&S FSH performs the power measurement.
» Press the MEAS key.
» Press the "Chan BW" softkey.
The R&S FSH opens an input field to specify the channel bandwidth.
» Enter the channel bandwidth you need.

The R&S FSH sets the appropriate span for the channel bandwidth that you have
entered (span = 5 x channel bandwidth). This ensures that no incorrect channel
power measurements are made.

The minimum channel bandwidth that you can set is 2 kHz at a span of 1 kHz.

4.1.3.4 Defining the Percentage of Occupied Bandwidth

By default, the power percentage inside the occupied bandwidth is 99 %, a number
most standards require. If you measure standards that specify another power
percentage you can change that value.

» Press the MEAS key.
» Press the "% Power BW" softkey.

The R&S FSH opens an input field to define the power percentage.
» Enter the power percentage you need.

The value you enter here is the power percentage that has to be inside the channel
bandwidth relative to the power over the total span (the percentage of the total
power).

The R&S FSH now displays the occupied bandwidth graphically in the trace
window and numerically above the trace window.
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4.1.3.5 Changing the Span

Usually, the span the R&S FSH sets yields optimal results. But sometimes you also
need to see the spectrum outside the current span to detect other signal components
that you need to include in the measurement. Therefore, you can adjust the span to up
to ten times the channel bandwidth and still be able to see the spectrum outside the
measurement channel.

» Press the SPAN key.

In the default configuration, "Auto Span" is active. The R&S FSH automatically sets
the optimal span for the channel power measurement.

» Press the "Manual Span" softkey.
The R&S FSH opens an input field to define the span manually.
» Enter the span you need.

The largest possible span for the channel power measurement is ten times the
channel bandwidth. At larger spans, the result of the channel power measurement
would be increasingly imprecise, because too few points of the trace occur in the
channel to be measured.

» Press the "Auto Span" softkey.

The R&S FSH again calculates the span automatically.
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4.1.4 Power Measurements on TDMA Signals

When TDMA (time division multiple access) methods are used, e.g. for GSM, several
users share a channel. Each user is assigned a period of time or timeslot. With the
TDMA power measurement, you can determine the power over one of the timeslots.

The TDMA power measurement is a measurement in the time domain (span = 0 Hz).
You can start it on an external or video trigger and specify the power measurement
time.

To prevent incorrect power measurements in the time domain, make sure that the
whole signal is within the selected resolution bandwidth. If the resolution bandwidth is
too small, the displayed power will be lower than the actual power.

» Press the MEAS key.
» Press the "Meas Mode" softkey.
The R&S FSH opens the measurement menu.
» Select the "TDMA Power" menu item.
The R&S FSH starts to measure the TDMA power.

Two vertical lines define the measurement range.

Screen layout for TDMA power measurements
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4.1.4.1 Selecting a Standard

If you need to perform measurements that are conform to a telecommunications
standard, you can activate one of the predefined standards that are already stored in
the R&S FSH memory. When starting the measurement in the default configuration,
the R&S FSH automatically activates the GSM/EDGE standard. However, you can
create new configurations to perform measurements on other standards as well.

» Press the MEAS key.
» Press the "Standard" softkey.
The R&S FSH opens a dialog box to select the standard.
» Select one of the available standards.
» Confirm the selection with the "Select" softkey.

The R&S FSH loads the configuration of the selected standard. It automatically
sets the optimal settings for the selected standard.

You can create and edit standards with the R&S InstrumentView software and transfer
them to the R&S FSH via the USB or the LAN interface. The number of standards the
R&S FSH can store in its memory depends on the number of other data sets stored on
the R&S FSH.

For more information see "Managing Datasets" on page 31.

4.1.4.2 Setting the Burst Length
The burst length is the measurement time that the R&S FSH performs measurements
with. The burst length can be equal or less than the sweep time.
» Press the MEAS key.
» Press the "Burst Length" softkey.

The R&S FSH opens an input field to define the burst length.
» Enter the length of the burst you need.

The R&S FSH performs the measurement over the time you have entered.

If the measurement time you have entered was greater than the sweep time, the
R&S FSH sets a burst length equal to the sweep time. To work with a greater burst
length, you have to increase the sweep time first.

The minimum burst length is the time corresponding to one trace pixel (= sweep
time / 631).

4.1.4.3 Setting the Reference Level
The reference level is the power level that the R&S FSH expects at the RF input. When

selecting the reference level, make sure that you do not overload the R&S FSH by
applying a signal whose power exeeds the maximum reference level.
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Because the resolution bandwidths of the R&S FSH are implemented digitally after the
A/D converter, the signal level at the A/D converter can be higher than the level
indicated by the trace, depending on the selected resolution bandwidth.

To prevent the A/D converter from being overloaded, the signal must be measured at
the widest resolution bandwidth and video bandwidth with the peak detector. The trace
maximum then determines the best reference level.

To simplify operation and to prevent incorrect measurements, the R&S FSH has an
automatic routine for setting the reference level.

» Press the AMPT key.
> Press the "Level Adjust" softkey.
The R&S FSH performs a measurement to determine the ideal reference level.

It uses a resolution bandwidth of 3 MHz, a video bandwidth of 3 MHz and the peak
detector. After finishing the automatic measurement, the R&S FSH sets the ideal
reference level.

4.1.4.4 Using a Trigger

Usually you will apply a trigger when measuring bursts.

If a trigger is active, the R&S FSH uses the video trigger for TDMA measurements by
default. The video trigger level is at 50 % of the range of the vertical axis but is
variable. This means, the R&S FSH triggers a measurement if the rising edge of the
burst exceeds this 50 % line.

If the DUT features some sort of trigger equipment, you can also use an external
trigger to trigger measurements.

» Connect the DUT trigger output to the R&S FSH trigger input.
» Press the SWEEP key.

» Press the "Trigger" softkey.

>

Select either the "External Rise" or "External Fall" menu item (rising or falling
edge).

The R&S FSH activates the trigger and shows the results of the measurement.

It may be that the burst is not completely visible on the display. To correct that and
make the whole burst visible, you can set a trigger delay.

» Press the "Trigger" softkey.
» Select the "Trigger Delay" menu item.
The R&S FSH opens an input field to define the trigger delay.

> Adjust the trigger delay until the burst is visible inside the vertical lines that show
the measurement range.
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4.1.5 Measuring the Adjacent Channel Leakage Ratio (ACLR)

The adjacent channel leakage ratio (ACLR) measurement is a method to measure the
power over more than one transmission channel and also evaluate the power of the
adjacent (or alternate) channels of the transmission channel. The ACLR performs
measurements according to a specific channel configuration, e.g. a particular radio
communications standard.

» Press the MEAS key.
» Press the "Meas Mode" softkey.
The R&S FSH opens the measurement menu.
» Select the "ACLR" menu item.
The R&S FSH starts to measure the adjacent channel leakage ratio.

In principle, the ACLR measurement works like the channel power measurement in
that it determines the spectrum within the channel using a resolution bandwidth that is
small compared to the channel bandwidth. In addition to the channel bandwidth, the
ACLR measurement is also defined by the channel spacing, the bandwidth of adjacent
channels and the adjacent channel spacing. The R&S FSH supports measurements on
up to 12 carrier channels and 12 adjacent channels to either side of the carrier. When
measuring more than one carrier or adjacent channels, the R&S FSH shows the
powers of each channel in a list below the marker list. The channel itself is marked by
red (transmission channels) or green (adjacent channels) vertical lines.

Screen Layout for ACLR measurements
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The predefined standards are the same as for channel power measurements (3GPP
WCDMA, cdmaOne and CDMA2000 1x systems). However, you can also customize
the settings to set up the R&S FSH for other radio communication standards. You can
define the settings directly on the R&S FSH or define and manage them using the
R&S InstrumentView software.

When customizing settings, make sure to consider the following points to get valid and
accurate measurement results:

e Reference level
Make sure not to overload the R&S FSH as the power is measured with a
resolution bandwidth that is small in comparison with the signal bandwidth. As with

Channel Power measurements, automatically set the reference to an optimal level
with the "Level Adjust" softkey.

e Setting the span

The frequency span must at least cover the carriers and the adjacent channels
plus a measurement margin of about 10 % to get valid results.

If the span is automatically calculated by the R&S FSH with the "Auto Span”
function, the span is calculated as follows:

(No. of transmission channels - 1) x transmission channel spacing +
2 x transmission channel bandwidth + measurement margin

with the measurement margin being approx. 10 % of the value obtained by adding
the channel spacing and the channel bandwidth.

Selecting the frequency span

If the frequency span is too large in comparison to the channel bandwidth (or the
adjacent-channel bandwidths) being examined, only a few points on the trace are
available per channel. This reduces the accuracy of the waveform calculation for the
channel filter used, which has a negative effect on the measurement accuracy. It is
therefore strongly recommended that the formulas mentioned be taken into
consideration when selecting the frequency span.

e Setting the resolution bandwidth:

The RBW should not be too high or too small to get both an acceptable
measurement speed and a suppression of spectral components outside the
channels. As a rule of thumb, it is recommended to set it to about 1 % to 4 % of the
channel bandwidth.

You can select a larger resolution bandwidth if the spectrum within the channel to
be measured and around it has a flat characteristic. In the standard setting, e.g. for
standard cdmaOne at an adjacent channel bandwidth of 30 kHz, a resolution
bandwidth of 30 kHz is used. This yields correct results since the spectrum in the
neighborhood of the adjacent channels normally has a constant level.
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For standard NADC/1S136 this would not be not possible, for example, since the
spectrum of the transmit signal penetrates into the adjacent channels and a too
large resolution bandwidth causes a too low selection of the channel filter. The
adjacent-channel power would thus be measured too high.

If the RBW is automatically calculated by the R&S FSH with the "Auto RBW"
function, the RBW is calculated as follows:

RBW < 1/40 of channel bandwidth

The R&S FSH then selects the maximum possible resolution bandwidth resulting
from the available RBW steps (1, 3).

e Setting the video bandwidth

To obtain correct power measurements, the video signal must not be limited in
bandwidth. A restricted bandwidth of the logarithmic video signal would cause
signal averaging and thus result in a too low indication of the power (-2.51 dB at
very low video bandwidths). Therefore, the VBW should be at least three times the
resolution bandwidth.

If the VBW is automatically calculated by the R&S FSH with the "Auto VBW"
function, the VBW is calculated as follows:

VBW = 3 x RBW

The R&S FSH then selects the smallest possible VBW with regard to the available
step size.

e Selecting the detector:

It is best to use the RMS detector. This 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:

with

si = linear digitized video voltage at the output of the A/D converter
N = number of A/D converter values per measurement point

Pruvs = power represented by a measurement point

When the power has been calculated, the power units are converted into decibels
and the value is displayed as a measurement point.

In principle, the sample detector would be possible as well. Due to the limited
number of measurement points used to calculate the power in the channel, the
sample detector would yield less stable results.
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4.1.5.1 Selecting a Standard

If you need to perform measurements that are conform to a telecommunications
standard, you can activate one of the predefined standards that are already stored in
the R&S FSH memory. Those predefined standards have already been set up to yield
the best results. However, the R&S FSH provides functionality to create new
configurations to perform measurements on other test setups as well.

» Press the MEAS key.
» Press the "Standard" softkey.
The R&S FSH opens a dialog box to select the standard.
» Select one of the available standards.
» Confirm the selection with the "Select" softkey.

The R&S FSH loads the configuration of the selected standard. It automatically
sets the optimal span, resolution bandwidth, video bandwidth, sweep time and
detector for the standard.

You can create and edit standards with the R&S InstrumentView software and transfer
them to the R&S FSH via the USB or the LAN interface. The number of standards the
R&S FSH can store in its memory depends on the number of other data sets stored on
the R&S FSH. For more information see "Managing Datasets" on page 31.

4.1.5.2 Configuring the Measurement

In addition to creating and editing standards with the R&S InstrumentView software,
the R&S FSH also provides functionality to set up a measurement configuration.
Setting the number of transmission channels
» Press the MEAS key.
» Press the "Channel Settings" softkey.
» Select the "Tx Channels" menu item.

The R&S FSH opens an input field to define the number of transmission channels.

» Enter the number of transmission channels you need for the measurement.

Setting the number of adjacent channels
» Press the "Channel Settings" softkey.
» Select the "Adj Channels" menu item.
The R&S FSH opens an input field to define the number of adjacent channels.
» Enter the number of adjacent / alternate channels you need for the measurement.

The borders of Tx channels are displayed red in the trace diagram, the borders of
adjacent and alternate channels are displayed green.
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Setting the channel bandwidth

The channel bandwidth specifies the frequency range around the center frequency,
over which the R&S FSH performs the power measurement.

TX / ACP Channel Bandwidth
2 14 kHz

> Press the MEAS key.

P> Press the "Channel BW" softkey. Ad 14kHz
Altl 14kHz

The R&S FSH opens a dialog box 45 S

to specify the channel bandwidth — Iz

for all channels. Altg 14kHz

Alt7 14kHz

Alt8 14kHz
» Select the channel you want to Aty v

change the bandwidth for. Alt10 14kHz
Alt11 14kHz

» Activate the input by pressing the
ENTER key.

» Enter the channel bandwidth you need.

The R&S FSH sets the appropriate span for the channel bandwidth that you have
entered according to the criteria desribed above. This ensures that no incorrect
channel power measurements are made.

The minimum channel bandwidth that you can set is 833 Hz at a span of 1 kHz.

Setting the channel spacing

In case of the R&S FSH, the channel spacing is defined as the distance between the
center frequency of the transmission channel and the center frequency to the next
transmission channel or the distance between the center frequency of the transmission
channel and the center frequency of the adjacent channel.

Specific channel spacing definitions

Note that some some radio communication standards, e.g. CDMA2000 DS / MC1 /
MC3 and IS95 B/ C, IS97 B/ C, 1S98 B / C, define the channel spacing differently,
namely the distance from the center of the transmission channel to the closest border
of the adjacent channel. The R&S FSH does not consider these specifics. It always
regards the channel spacing as the distance between the center of a channel and the
center of its neighboring channel.

» Press the MEAS key.
» Press the "Channel Settings" softkey.
» Select the "Channel Spacing" menu item.

The R&S FSH opens a dialog box to define the spacings for all transmission
channels and adjacent / alternate channels.
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» Select the channel you want to TX / AGP Channel Spacing
change the spacing for. 1X12 20 kiz =
TX2-3 20kHz
. . . TX3-4 20kH
» Activate the input by pressing the X85 20kt
TX5-6 20kHz
ENTER key TX6-7 20kHz
) TX7-8 20kHz
» Enter the channel spacing you X8-9 20kHz
TX9-10 20kHz
need' TX10-11 20kHz
TX11-12 20kHz
The R&S FSH now takes the new - 20kz -
. it z
values into account for future A2 20kHz
Alt3 20kHz
measurements. A o .

When performing measurements on multi-carrier signals, you can define the spacing of
the transmission (Tx) channels to one another. By default, the R&S FSH assumes
equal spacing between all Tx channels in the system. Therefore, the spacing you enter
for the first two Tx channels is automatically applied to all other Tx channels.

If you do measurements on systems with a different channel spacing for each Tx
channel, you can also set the channel spacing for each Tx channel separately by
entering the respective number in the fields.

If the spacings are not equal, the channel distribution according to the center frequency
is as follows:

e Odd number of TX channels
The middle TX channel is centered to center frequency.
e Even number of TX channels

The two TX channels in the middle are used to calculate the frequency between
those two channels. This frequency is aligned to the center frequency.

Adjacent or alternate channel spacing is also available for single-carrier
measurements. The R&S FSH can perform measurements on up to 12 adjacent
channels. Usually the first adjacent channel to the Tx channel is referred to as the
Adjacent Channel (ADJ). All others are called Alternate Channels (ALT1 to ALT11).

By default, the R&S FSH assumes that the distance of the adjacent channels to each
other is the same. In that case, you only have to enter the first spacing value. The
R&S FSH then calculates all higher adjacent channels from that value. If you change
the spacing of one of the higher channels, the R&S FSH only updates the channel
spacings above the one you have changed, but not those below.

So, for example, if you set the first adjacent channel spacing (ADJ) to 20 kHz, the
following spacings are 40 kHz (ALT1), 60 kHz (ALT2), 80 kHz (ALT3), 100 kHz (ALT4),
120 kHz (ALT5) and so on.

If you then change the spacing of the third alternate channel (ALT3) to 100 kHz, the
R&S FSH adjusts the alternate channels above the third one accordingly: 125 kHz
(ALT4), 150 kHz (ALT5) and so on.
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4.1.5.3 Normalization of Measurement Results

By default, the power of the channels and adjacent channels is displayed in the unit
dBm. It is also possible to display the power density of the signal to, for example,
measure the signal/noise power density or obtain the signal to noise ratio.

» Press the MEAS key.
» Press the "Channel Settings" softkey.
» Select the "Channel Pwr/Hz" menu item.
The R&S FSH activates normalization and switches the unit from dBm to dBm/Hz.

The channel power density in dBm/Hz corresponds to the power inside a
bandwidth of 1 Hz and is calculated as follows:

channel power density = channel power - log10(channel bandwidth)

4.1.5.4 Displaying Absolute and Relative Results
You can set up the result display to either show the absolute power of the adjacent
channels or the power relative to one of the transmission channels.
» Press the MEAS key.
» Press the "Power Display” softkey.

» Select either the "Absolute” menu item to display the absolute results or the
"Relative" menu item to display the power relative to one of the transmission
channels.

4.155 Selecting the Reference Channel
When determining relative power values for the adjacent channels, you can set a
specific transmission channel as the reference channel.
» Press the MEAS key.
» Press the "Channel Settings" softkey.
» Select the "ACLR Ref Setting" menu item.
The R&S FSH opens a another submenu to select the reference channel.
» Select the method of determining the reference channel.
The following methods are available:
- Tx Channel
Select a specific transmission channel by entering its number as the reference.
- Min Power Tx Channel

The channel with the lowest power level is the reference channel.
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- Max Power Tx Channel
The channel with the highest power level is the reference channel.
- Lowest Highest Channel

The outer left-hand transmission channel is the reference channel for the lower
adjacent channels. The outer right-hand transmission channel is the reference
channel for the upper adjacent channels.

4.1.5.6 Setting and Checking the Limits
Limit checks in ACLR measurement mode are independent of limit line handling. You
can define a limit for each of the adjacent channels. Limits for adjacent channels can

be set either in absolute or relative terms.

Defining relative limits

. mAdj 0.0dB
» Press the "Channel Settings” m ARl -100d8
Alt2 0.0dB
softkey.
o Altd 0.0dB
> Select the "Channel Limit Relative” =4 i
. o Al .
menu item. o A7 0.04B
o Alt8 0.0d8
H o Al9 0.0dB
The R&S FSH opens a Fhalog box  Zine 0045
to define the relative limits for each =z amm 0048

adjacent channel.

» Select the channel you want to

define a limit for. — ———————

> Activate the input by pressing the "Select" softkey.

The channel turns green and the check box in the first column is marked.
» Enter the limit value you need.

The R&S FSH automatically activates the check flag, so that the limit is included in
future limit checks.

» To deactivate the limit check for a specific channel, move the cursor to the channel
in question with the rotary knob or the cursor keys and deselect it with the "Select”
softkey.

Defining absolute limits

» Press the "Channel Settings" softkey.

» Select the "Channel Limit Absolute" menu item.

The R&S FSH opens a dialog box to define the absolute limits for each adjacent
channel.

» The procedure of defining absolute limits is analogous to that of defining relative
limits.
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Performing a limit check
» Press the "Channel Settings" softkey.

» Select the "Check Channel Limits" menu item.

Power 1(r) -916 dBm

The R&S FSH automat'ca“y Adj Chn Lower Upper Adj Chn Lower Upper
L. Adj 07 dB Altl dB
performs limit checks.

The results of the limit check are displayed in the table above the trace. If a result
fails the limit check, it turns red and has a star (*) in front of its power level.
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4.1.6 Measuring the Spectrum Emission Mask

The spectrum emission mask (SEM) measurement is a method to detect spurious
emissions or intermodulation products of a signal. When performing a SEM
measurement, the R&S FSH checks the signal against a spectral mask to see whether
the signal complies with a specific standard or not. Therefore, the R&S FSH provides
predefined spectrum emission masks for various telecomunications standards.

However, you can define your own spectral masks with the R&S InstrumentView
software to perform measurements in frequency ranges other than the predefined
ones. To learn how to define spectrum emission masks, refer to the

R&S InstrumentView manual.

» Press the MEAS key.
» Press the "Meas Mode" softkey.
The R&S FSH opens the measurement menu.
» Select the "Spectrum Emission Mask" menu item.
The R&S FSH starts to measure the spectrum emission mask.

Note that the frequency range of the actual measurement depends on the start and
stop frequency you have set on the R&S FSH. Correct measurement results are
therefore only possible if the frequency ranges of the SEM are inside the current span
of the R&S FSH.

Screen Layout for the SEM measurement

Ref. -31.8 dBm SWT: 142ms Trace: Clear/Write
Y At 0dB VBW: 300 kMz Trig: Free Run = Detect: RMS
#)  1.000607143 GHz -52.1 dBm

TxPewer -306dBm  TxBw 5 MHz [ 2 JPASS
Range [Hz) RBW [Hz] Peak Freq [Hz] Power Abs Power Rel
12750 M -8500 M IM 1 S85500000M  -9031dBm -58.6748
8500 M -7.500 M IM 2 992390476M  -9000dBm -59354B
-7500 M -3.500 M 1M 3 995750000 M -0.02dBm -50.394B
-2500 M Wk 4997450000 M -10186dBm 732248

e

|
@ |

519 i o 2 0 e

e 4 @

@

ne—

1189

-

|'
0

|

|

Center:1 GHz
W Y ———
O iode Standard

Settings

Standard

Marker information

SEM list

Limit check result

Spectrum emission mask (red line)

Trace (yellow line)

Peak (P<x>) and normal markers (M<x> and D<x>) (blue line)
SEM softkey menu

O~NO O WNPRE

Operating Manual 1173.6275.12 - 35



R&S FSH Spectrum Analyzer Mode

Performing Spectrum Measurements

Markers in the SEM measurement

In addition to the normal marker functionality of the R&S FSH, the SEM measurement
provides special markers labeled P1 to Px.

The R&S FSH activates and positions these special markers automatically after
displaying the trace. Each of these markers marks the peak level in each SEM
subrange. Thus, the number of markers depends on the number of subranges defined
for the spectrum emission mask and in turn depends on the standard you are
measuring against.

The numerical marker information (frequency and level) for these markers is part of the
SEM list.

Markers P1 to Px are fix and always remain on the peak level of the corresponding
subrange. If you'd like to analyze other locations on the trace, use normal marker and
deltamarker functionality. For more information see "Using Markers and Deltamarkers"
on page 121.

4.1.6.1 Selecting a Standard

If you need to perform measurements that are conform to a telecommunications
standard, you can activate one of the predefined standards that are already stored in
the R&S FSH memory. However, you can create new configurations to perform
measurements on other standards as well.

» Press the MEAS key.
» Press the "Standard” softkey.
The R&S FSH opens a dialog box to select the standard.
P> Select one of the available standards.
» Confirm the selection with the "Select" softkey.

The R&S FSH loads the configuration of the selected standard. It automatically
sets the optimal span, resolution bandwidth, video bandwidth, sweep time and
detector for the standard.

You can create and edit standards with the R&S InstrumentView software and transfer
them to the R&S FSH via the USB or the LAN interface. The number of standards the
R&S FSH can store in its memory depends on the number of other data sets stored on
the R&S FSH.

For measurements on NB-10T signals, you can use an FFT sweep instead of the
frequency sweep, which is faster. In addition to predefined standards with FFT sweep,
you can select the FFT sweep while creating or editing a standard file in

R&S InstrumentView.

For more information see "Managing Datasets" on page 31.
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4.1.6.2 Optimizing Measurement Settings
After selecting the standard and applying the signal to the R&S FSH, you can optimize
measurement settings to avoid overloading the R&S FSH.
» Press the "Adjust Settings" softkey.

The R&S FSH performs a measurement to determine the ideal reference level ans
span..

4.1.6.3 Viewing the Results in a Table

You can add a table to the display that shows the measurement results in numerical
form. Each line in the table corresponds to a SEM range with the results of each range
referring to the reference range. The reference range is suppressed unless it has to be
checked against an absolute limit.

» Press the MEAS key.

TxPower  -29.6dBm Tx Bw 5 MHz
Range [Hz] RBW [Hz] Freq [Hz] Power Abs Power Rel A Limit
-12.750 M -8.500 M 1M 869.828095 M -8585dBm -5635dB  -36.65 df
-8.500 M -1.500 M 1M §70.030476 M -86.06 dBm  -56.55dB
-7.500 M -3.500 M 1M §74.078095 M -85.93dBm  -56.43 dB
-3.500 M -2.500 M 30k 875.778095 M -99.93dBm  -70.43 dB

» Press the "View List" softkey.

The R&S FSH shows a list above
the trace diagram.

If the list contains more than four entries, you can scroll through the list with the
rotary knob or the cursor keys to see the other results. Note that scrolling works
only if there is no active input field.

The list contains the following information:
e Tx Power

Power level of the transmission channel.
e Tx Bandwidth

Bandwidth of the transmission channel.
e PASS / FAIL information

If the signal is within the limits of the spectral mask, the R&S FSH shows [IFASSH,
if not it shows 7.

e Range [HZz]

Frequency range. The first number is the start frequency, the second number the
stop frequency of each defined frequency range. The character following the
number indicates the unit (k = kHz, M = MHz, G = GHz)

e RBW [HZ]

Resolution bandwidth the corresponding frequency range is measured with.
e Peak

Number of the peak marker (Px).
e Freq[Hz]

Frequency of the peak level that has been measured in each frequency range
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e Power Abs

Absolute peak power in the corresponding frequency range.
e Power Rel

Relative peak power in relation to the channel power of the reference channel.
e ALimit

Minimum distance from the limit line to the trace in the corresponding frequency
range. Negative values or a zero indicate a passed SEM limit check, positive
values indicate a violation of the limit check.
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4.1.7 Measuring the Harmonic Distortion

The harmonic distortion measurement is an easy way to identify the harmonics of a
DUT. In addition to the graphic display of the harmonics, this measurement mode also
calculates the total harmonic distortion (THD) and shows the results.

You can perform a harmonic distortion measurement in frequency sweep (span > 0)
and zero span mode (span = 0). When starting the measurement, the R&S FSH looks
for the first harmonic of the signal (= the highest signal) in the defined frequency range.
It then adjusts the frequency axis so that all harmonics are visible. In zero span mode,
the center frequency remains the same.

» Press the MEAS key.
» Press the "Meas Mode" softkey.
» Select the "Harmonic Distortion" menu item.
The R&S FSH starts to measure the harmonic distortion.

The search for harmonics starts as soon as you enter the harmonic distortion
measurement. Upon entering the measurement, the R&S FSH automatically adjusts
the settings in order to display the selected number of harmonics (default = 2) on the
screen.

Screen layout for the harmonic distortion measurement

Ref 274 dBm REBW: IMHz SWT: 20ms Trace: Clear/ Wiite
VBW: 3 MHz  Trig: Free Run = Destect: RMS
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4.1.7.1 Defining the Number of Harmonics

By default, the R&S FSH shows the signal and its first harmonic. Each harmonic is
indicated by a marker that the R&S FSH places on the harmonic (here M1 and M2).
Note that all of the markers that have been set are normal markers that show the
absolute frequency of the harmonic.

At the same time, the R&S FSH also calculates the values for the total harmonic
distortion (THD) and shows the results in a box above the trace diagram. The values
are output in % as well as dB.

If you want to see more than one harmonic, the R&S FSH can show up to six
harmonics.

» Press the MEAS key.
» Press the "Harmonics" softkey.

» Enter the number of harmonics you'd like to see.

4.1.7.2 Optimizing the Display of Harmonics
The R&S FSH places the markers on the other harmonics even if they are outside of
the display range.
» Press the MEAS key.
» Press the "Adjust Settings" softkey.

The R&S FSH performs a measurement to determine the ideal reference level,
frequency and span in order to display all harmonics.

4.1.7.3 Activating the Harmonics List

To see the exact frequency of the harmonic, you can activate the marker list that
shows the value for each harmonic or marker.

» Press the MKR key.

» Press the "View List" softkey.

The R&S FSH displays the marker list that contains the values for each harmonic.
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4.1.8 Measuring the AM Modulation Depth

The AM modulation depth measurement analyzes AM modulated signals and
calculates the modulation depth of the signal using the measurement results. Note that
the measurement works properly only if you apply an AM modulated signal.

» Press the MEAS key.
» Press the "Meas Mode" softkey.
The R&S FSH opens the measurement menu.
» Select the "AM Modulation Depth" menu item.
The R&S FSH starts to measure the AM modulation depth.

After you have started the measurement, the R&S FSH places three markers on the
trace. The first marker is placed on the peak power level. The R&S FSH assumes that
position as the level of the carrier. The second and third markers are delta markers.
These are placed symmetrically on the adjacent peak values to the left and right of the
carrier.

Screen layout for the AM modulation depth measurement

14/01/10 1527

“Ref. -20,0 dBm RBW: 100 Hz SWT: 25s  Trace: Clear/Write

At 0dB VBW: 100 Hz Trig: Free Run Detect Auto Peak
M1 0100,0001 MHz -27.2 dBm 1 kHz 121 dB
1 kHz 120 d8

03
@\ﬂod Depth: m% Threshold: 80.0 dBm

o

4 —t W
\

1.

L)
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!

::;:n?"\.;w.{‘: \»4“}':- -\‘:. ,,-,‘1: 3 .(, "
lﬂnip.("» .r(ﬂl!‘?" (5] ':‘f‘ (5] l‘,‘f\!h\ @ ™ idJ

! ! ! D2
Cen:gr 100 MHz Span:5 kHz

Marker list

Modulation depth

Trace

Threshold line

Markers (blue lines)

AM modulation depth softkey menu

o0 wWNPRE

By default, delta marker 2 is active for editing. If you move the delta marker to another
position, the other delta marker will be moved by the same distance relative to the
normal marker. Note that this happens only if you move delta marker 2 (D2). When
moving delta marker 3 (D3), only this marker is repositioned.
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From the values of the markers, the R&S FSH then calculates the AM modulation
depth. The AM modulation depth is the ratio between the power values at the
reference marker and at the delta markers. When the powers of the two AM side bands
are not the same, the R&S FSH uses the mean value of the two sideband values.

If the R&S FSH is unable to find any AM modulated a carriers, it shows the message
No AM modulated carrier found .

4.1.8.1 Setting a Threshold

You can set a threshold that defines the minimum power level the signal must have. If
the power of the signal is below the threshold, the R&S FSH will not set the markers
and therefore will not calculate the modulation depth.

» Press the MEAS key.
» Press the "Threshold" softkey

The R&S FSH opens an input field to set the threshold.
» Enter the threshold value you need.

The threshold is represented as a horizontal blue line in the diagram area.

4.1.8.2 Optimizing the Settings
In order to get the best results, you can use the automatic adjustment routine that the
R&S FSH offers.
» Press the MEAS key.
» Press the "Adjust Settings" softkey.

The R&S FSH performs a sweep and repeats the peak search sequence for the
three markers.

4.1.8.3 Activating the Marker List
To see the exact frequency of the carrier and its sidebands, you can activate the
marker list that shows the value for each marker.
» Press the MKR key.
» Press the "View List" softkey.

The R&S FSH displays the marker list that contains the values for carrier and
sideband.
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4.1.9 Measuring Spurious Emissions

The spurious emission measurement is a tool to monitor unwanted emissions in the
frequency spectrum outside of an assigned channel (carrier). When performing a
spurious emission measurement, the R&S FSH checks the spectrum that you have
defined against a limit line to see whether the signal complies with a specific standard
or not.

Spurious emission measurements are usually performed over a wide frequency
spectrum. To avoid long measurement times, the spectrum is split into several smaller
ranges. Each of those ranges has a different configuration (for example a different
RBW).

The spurious emission measurement available on the R&S FSH is designed for
measurements on category A 3GPP base stations with the appropriate configuration in
each measurement range.

» Press the MEAS key.
» Press the "Meas Mode" softkey.
The R&S FSH opens the measurement menu.
» Select the "3GPP BTS Spurious Emission" menu item.
» Press the "Start Meas" softkey.

The R&S FSH starts the measurement.

Screen Layout for the Spurious Emission measurement

13
ca  Clear/ Write
ig: Fres Run  Detect:
LiFiet Lenea: IGPP BTS Eatrgqr:.' &
Range [Hz] REW [Hz] Peak Freq [He] Peak Power
9.000 k 1500000 k 1k 1787 k =43 45 dBm
150,000 k 000 M E mk 159.H7k -85 45 dBm
30,000 M 1.000 G 00 & 145 400000 M -25 52 dBm

1.000 G 2000 G iMm 1LET000M & 1180 dBm

1 Result display

2 Limit check

3 List of spurious emissions

4 Limit line (red line)

5 Trace (yellow line)

6 Spurious emission softkey menu
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Note that the frequency range of the actual measurement depends on the start and
stop frequency you have set for the carrier. Correct measurement results are therefore
only possible if the frequency ranges of the measurement are inside the current span
of the R&S FSH.

Markers in the spurious emission measurement

In addition to the normal marker functionality of the R&S FSH, the spurious emission
measurement provides special markers labeled P1 to Px.

The R&S FSH activates and positions these special markers automatically after
displaying the trace. Each of these markers marks the peak level in each spurious
emission range.

The numerical marker information (frequency and level) for these markers is part of the
result table.

Markers P1 to P4 are fix and always remain on the peak level of the corresponding
subrange. If you'd like to analyze other locations on the trace, use normal marker and
deltamarker functionality. For more information see "Using Markers and Deltamarkers"
on page 121.

4.1.9.1 Defining the Channel Bandwidth

Several frequency bands have been defined for 3GPP transmissions. Depending on
the frequency band you are testing, you have to adjust the start and stop frequencies
of the carriers.

» Press the MEAS key.
» Press the "Carrier Start" softkey.

The R&S FSH opens an input field to define the lower frequency of the channel.
» Press the "Carrier Stop" softkey.

The R&S FSH opens an input field to define the upper frequency of the channel.

Note that the standard defines spurious emissions as transmission outside the
frequency band 12.5 MHz below the first carrier and 12.5 MHz above the last carrier.
Keep these values in mind when defining the start and stop frequencies of the carrier.

4.1.9.2 Viewing the Results in a Table

You can add a table to the display that shows the measurement results in numerical
form.

» Press the MEAS key.

Limit Line: 3GPP BTS Category A

> Press the "VieW LISt" SOftkey Range [Hz] RBW [Hz] Peak Freq [Hz] Peak Power
9.000 k 150.000 k 1k 9993 k -4354dBm
The R&S FSH shows a list above nmm  tems Wk sammm prpepr

1.000 G 8.000 G 1M 1.8110000 G -15.06 dBm

the trace diagram.
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The list contains information for each frequency range that the measurement covers.
Thus, the number of entries in the list depends on the overall frequency span you are
using for the measurement. The following ranges have been defined:

9 kHz to 150 kHz (with an RBW of 1 kHz)
150 kHz to 30 MHz (with an RBW of 10 kHz)
30 MHz to 1 GHz (with an RBW of 100 kHz)
> 1 GHz (with an RBW of 1 MHz)

The spurious list contains the following information for each range.
e Frequency range
Start and stop frequencies of the range.
e RBW
Resolution bandwidth that the R&S FSH uses within that range.
e Peak Frequency
Frequency at which the peak power has been measured in a particular range.
e Peak Power

Peak power that has been measured in a particular range.
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4.1.10 Working with the Spectrogram Result Display (R&S FSH-K14/ -K15)

With option R&S FSH-K14 or R&S FSH-K15, you can view measurement results in a
spectrogram.

The spectrogram result display shows the spectral density of a signal in the frequency
domain and over time simultaneously.

Screen layout for the spectrogram

S o 31/03/10 12:33 B

Ref. -20.0dBm RBW. 100kHz SWT:. 20ms  Trace: Clear/Write

At 0d8 VBW: 1 MHz  Trig: Free Run » Detect: RMS
947.944 MHz 70.1 dBm 1.275 MHz 157 dB

& 000252121 (2] 00.00:25:775

-40.0

0.0

Span:3.84 MHz
S s e

Result display

Marker and time line information
Spectrum result display (optional)
Marker/ delta marker (vertical lines)
Spectrogram

Time lines T1 and T2 (horizontal lines)
Scroll direction

Spectrogram softkey menu

0O ~NO O WNBRE

Like other result displays, the horizontal axis represents the frequency span. The
vertical axis represents time. Time in the spectrogram runs chronologically from top to
bottom. Therefore, the top of the diagram is the present. A third dimension shows the
amplitude for each frequency by mapping different colors to every power level. The
result is therefore a two dimensional diagram.

The color the R&S FSH assigns to a power level that was measured depends on:

e the color table you have selected
e the spectrogram reference level
e the spectrogram level range

The spectrogram consists of horizontal lines, each one pixel high, that are called
frames. In the default state, a frame is added to the spectrogram after each sweep.
This means that the amount of data in a frame depends on the sweep time. As the
spectrogram in the R&S FSH runs from top to bottom, the outdated time line(s) move
down one position, so that the present frame is always on top of the diagram.
Therefore, the sequence of frames is chronological.
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» Press the MEAS key.
» Press the "Meas Mode" softkey.
» Select the "Spectrogram” menu item.
The R&S FSH starts the spectrogram result display.

By default, the spectrogram result display consists of two windows. The upper window
shows the measured spectrum as a trace line. The lower window shows the
measurement results in a spectrogram. The chronological information in the
spectrogram is restricted by the internal memory of the R&S FSH. The R&S FSH
stores 1024 frames or spectrums that have been measured in its memory. As the
height of the display is smaller, some of the data becomes invisible after a time.

For measurements with a GPS receiver, the R&S FSH saves the GPS coordinates at
which each frame / spectrum that has been measured was recorded. This feature
allows you to link spectral events to a certain location when you analyze the data after
the measurement sequence is finished.

4.1.10.1 Controlling the Spectrogram Update
The spectrogram starts running as soon as you enter the spectrogram mode, if you are
in continuous sweep mode.

If you are in single sweep mode, the R&S FSH does not add a line to the spectrogram
until you initiate the next single sweep.

You can stop the update of the spectrogram in continuous sweep mode.
» Press the MEAS key.
» Press the "Hold" softkey.

Note that in continuous sweep mode the measurement in the spectrum result
display does not stop. The trace in the upper window still updates continuously.
Only the spectrogram view stops.

» Press the "Hold" softkey again.
The R&S FSH resumes updating the spectrogram.

The spectrogram result display is filled with results until you change a measurement
setting. As soon as a setting is changed, the spectrogram clears and starts to fill again.

You can also clear the spectrogram manually.
» Press the MEAS key.
» Press the "Clear" softkey.
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4.1.10.2 Browsing Through the Signal History
There are two ways to view parts of the measurement result history that have moved
outside the visible area of the spectrogram.
» Press the MEAS key.
» Press the "Spectrogram Settings" softkey.
» Select the "[] Spectrogram Full Screen" menu item.

The R&S FSH now uses the full diagram area of the screen for the spectrogram.
The number of lines in the spectrogram and therefore the displayed time period
more than doubles.

» The "Spectrogram Full Screen" menu item is marked by an [X].

It may, however, be necessary that the spectrum result display is still visible to
evaluate measurement results. For this purpose, the spectrogram has an (invisible)
scrollbar that you can use to scroll up and down the spectrogram to the frame that
you'd like to see.

Scrolling through the spectrogram

Turn the rotary knob or use the UP and DOWN cursor keys whenever you are viewing
the spectrogram.

The R&S FSH scrolls through the spectrogram history.

Note that this is only possible as long as no input field or menu is active. To resume
the spectrogram scroll function in this case,

» Press the CANCEL key
» Use the rotary knob or the UP and DOWN cursor keys again.
The R&S FSH resumes scrolling through the spectrogram history.

The symbols on the right side of the spectrogram indicate the position of the
spectrogram part currently displayed on the screen:

e Asingle down arrow in the right lower corner of the spectrogram indicates that the
uppermost frame still represents the most recently recorded trace.

e Two arrows (one up, one down) indicate that the spectrogram area displayed is
somewhere in the middle of the available history.

e Asingle up arrow in the upper right corner of the spectrogram indicates that the
lowest line of the spectrogram represents the end of the history buffer.
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4.1.10.3 Configuring the Display

As colors are an important part of the spectrogram, the R&S FSH offers various ways
to customize the display for best viewing results.

The first and most obvious way to configure the display is to select a different color
scheme.

» Press the "Spectrogram Settings" softkey.
> Select the "Spectrogram Color Table" menu.
The R&S FSH opens a submenu that contains several color schemes.

Default
Green-Yellow
Green-Blue
Black-White
Red-Purple
Blue-Black

The following examples are based on the green-yellow color scheme.
» Select the color scheme you are most comfortable with.
The R&S FSH adjusts the screen colors according to your selection.

It is possible that the color distribution is not ideal in the current configuration. You
have two ways to set things straight.

By cutting the reference level, you can eliminate amplitudes from the color map
that are not part of the signal.

Example: By default, the spectrogram reference level is 30 dBm.

, . Sp Playback 01/04/10 16:45 -
That means that signal parts with o et 20.08m | REVV 100 KHz »SWT 500ms . Trace: Ciesr/Virme

VBW: 1 MHz  Trig: Free Run = Detect: RMS

an amplitude of 30 dBm would be
yellow in the spectrogram, and
signal parts with a very small
amplitude would be dark green.
Everything in between is a shade
of the colors between. As the
colors are distributed over a very
large range (about a 150 dBm or
more), it is likely that you can not

distinguish details in the signal you [y Span:3.84 MHz
haVe measured. Mode Settings Playback Spectrogram Clear
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Therefore you should adjust the color map to the overall shape of the signal you
are measuring. Let's say, for example, that the signal has an amplitude range of
about 30 dB with the maximum amplitude at about -60 dBm and the minimum
amplitude at about -100 dBm and the "Green-Yellow" color scheme. With the
default settings, the spectrogram is made up exclusively of green colors and it's not
easy to distinguish amplitude levels. That's because the yellow color shades are
completely out of range.

To get a better result, change the spectrogram reference level to a level near the
maximum power level that has been measured first.

» Press the "Spectrogram Settings" softkey.
» Select the "Spectrogram Reference Level" menu item.
The R&S FSH opens an input field to enter the spectrogram reference level.

The reference level should be near the maximum level that has been measured
while the spectrogram was running. In the example, the reference level should be
at about -60 dBm.

» Enter the reference level you need.

The R&S FSH now shifts the reference level of the spectrogram to the value you
have entered.

Note that the spectrogram reference level does not affect the spectrum result
display, as well as the spectrum reference level ("Amplitude” menu) does not affect
the spectrogram. In the screenshot the spectrum trace is therefore exactly the
same as in the previous picture.

Spectrogram Playback 01/04/10 16:46 el

The result however, still does not Ref: -20.0 dBm RBW: 100 kHz =SWT: 500ms Trace: Clear/Write
. . . - sAtt: 0dB VBW: 1 MHz  Trig: Free Run = Detect: RMS
show signal differences in detall I R R R R I I

The only thing that happened is T 1 1 [ 1 1 1 [ T |

that the colors have shifted, in the oy AP N N ) N O A
example to yellow, because the N A ] N LA

color that corresponds to the
reference level has shifted from
green to yellow. All other colors
that are part of the color scheme
are still unused, because the

spectrogram level range is still the Center:952 MHz Span:3.84 MHz
same (150 dB) Mode Settings Playback Spectrogram Clear

» Press the "Spectrogram Settings" softkey.
> Select the "Spectrogram Level Range" menu item.
The R&S FSH opens an input field to enter the spectrogram level range.

In the example, the level range of the signal is from about -60 dBm to
about -100 dBm.
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Spect Playback 01/04/10_16:46 6
» Therefore set the level range to O Ref 200d8m  REW: 100 Kz * SWT: 500ms  Trace:  Ciesr/\Wre

sAtt: 0dB VBW: 1 MHz  Trig: Free Run = Detect: RMS

40 dB to get the whole signal.

As the level range is now adjusted,
the R&S FSH is able to map its
complete color range to the level
range of the signal.

This means that signal parts with a
low amplitude are in a shade of
green while signal parts with a

high amplitude are yellow. Span3.34 MHz
Playback

Clear

Settings Spectrogram

The best way to display a spectrogram is therefore to reduce the level range until
the lowest signal part is mapped to the lower end of the color map and the highest
signal part to the upper end of the color map.

In a last step you can configure the spectrogram in a way that it only shows signal
peaks in color and the noise floor in black. To get a result like that you have to
reduce the level range, until the noise floor is outside the displayed range.

» Instead of entering a level range of 40 dB, enter a level range of 35 dB or even
30 dB.

. . . . Spectrogram Playback 01/04/10 16:50 ——
This will provide a high contrast Ref. 20.0dBm  RBW: 100 kHz *SWT: 500 ms Trace: Clear/Write

betWeen Signal partS that are s Att: 0dB VBW: 1 MHz  Trig: Free Run = Detect: RMS
above the noise floor, and the
noise floor, which is drawn in
black.

To show details of the noise floor
and exclude the peak levels you
have to lower the spectrogram

reference level, until it is just . ' Span:3.84 MHz
above the noise floor. Settings | P1APICK " gpecerogram  ClEAr

The R&S FSH will then display the signal parts that are above the reference level
in only one color, which is the color at the upper border of the color map.
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4.1.10.4 Recording a Spectrogram

You can save the data of the spectrogram for documentation or for further analysis of
the recorded data.
» Press the MEAS key.

» Press the "Save Spectrogram” softkey.

The R&S FSH opens a dialog box ST 26/04/10 14:30
to save the current spectrogram.
[ Cable Models
» Enter the name of the spectrogram & s
. . [ Limit Lines
with the alphanumeric keys. D Screen Shots
o Standards
[m] Transducers '
By default, the R&S FSH saves Shectroram02spm. ks 10052010 1504
the spectrogram as e e e
Spectrogram005.spm 948 kB 10/03/2010 16:33
'Spectrogram###' W|th ascendlng Spectrogram006.spm 948 kB 10/03/2010 16:58
numbers.

» Press the "Save" softkey to store
the spectrogram.

Spectrogram001| Free: 9 MB

r———— T Trr—

s Show SD Card

Now that you have saved the spectrogram, you can replay it any time you want.

The number of spectrograms that you can store on the R&S FSH internal memory
depends on the other datasets that are currently on the R&S FSH.

4.1.10.5 Playback of a Spectrogram
If you have recorded a spectrogram and have saved it in internal memory, a memory
stick or the SD card, you can view the results of that measurement at a later time.
» Press the "Playback" softkey
or
» Press the "Meas Mode" softkey.

» Select the "Spectrogram Playback" menu item.

Recalling a previously stored spectrogram
» Press the "Recall Spectrogram" softkey.

The R&S FSH opens a dialog box to select a file that contains the spectrogram
data. The file extension for spectrogram data is *.spm.

» Select the file you need.
» Confirm the selection with the "Select" softkey.
The R&S FSH loads the spectrogram and shows the data in the display.

In general you can do the same things on a recalled spectrogram as in the
spectrogram recording mode, e.g. customize the display to your needs.
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In addition to that functionality, it is possible to view not only the spectrum that belongs
to the currently selected spectrogram frame, but also the spectrums of all frames that
are in the memory of the R&S FSH.

Working with time lines in playback mode

To find a particular point in time and display the corresponding spectrum you can use
two time lines:

When entering the playback mode the R&S FSH displays two time lines in the
spectrogram.

The first time line (T1) corresponds to
an absolute time value, the second
(T2) is a time relative to the first time
line. Both time lines are positioned on

the most recent spectrogram line at 2 MHz Spa
the top of the result d|sp|ay_ Settings Update  Spectrogram Spectrogram = Time Line

You can now select a specific spectrogram frame that is in the memory of the
R&S FSH.

» Press the "Select Time Line" softkey.
The R&S FSH opens an input field to define the position of the first time line (T1).
» Position the time line by entering a number or moving it with the rotary knob.

Entering O sets the time line marker on the most recent frame. The maximum value
that you can enter is 1024 (the maximum number of frames the R&S FSH can
store in its memory).

Note that not all frames are visible on the screen. If a frame is part of the history
outside the visible area, the time line is also not visible and you have to scroll
through the spectrogram to be able to see it again.

The upper window will display the spectrum of the frame at the time line position. By
moving the time line you can thus browse through the history of spectra stored in
memory.

In the marker information field, the R&S FSH shows the time stamp of the time line.

. _ . 3 26/04/10_15:50 ~—
The time stamp of the first time line T1 Ref. -200dBm  RBW: 100 kHz »SWT: 500 ms Trace: Clear/Write

is always referred to the top-most A
frame (e.g. a time stamp of
00:00:50:000 means that the data was
measured 50 seconds prior to the top-
most frame).

» Press the "Select Time Line"
softkey again.

The R&S FSH opens an input field
to define the position of the
Second time |Ine (T2) Settings Update  Spectrogram Spectrogram Time Line
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» Enter a number with the number keys, the rotary knob or the cursor keys.

The R&S FSH positions the second time line on the selected frame. Again it shows
the time stamp of the time line in the marker information field (AT value). For the
second time line (T2), the information is relative to the first one (T1). This means
that the time stamp of the second time line can be negative, if you have set it on a
frame above the first time line.

If you scroll the time line through the frames of the spectrogram with the rotary knob or
the cursor keys, the R&S FSH will show the spectrum corresponding to the selected
frame in the upper window of the display.

You can use the spectrogram playback for a detailed analysis of the signal levels over
time and compare signal details in the spectrum result display, e.g. with the help of
markers.

In addition to the time line (horizontal marker), you can also use (vertical) markers in
the spectrogram.

With the help of the marker and the time line, you are able to find the exact moment
when a specific event has occurred in the spectrum.
» Press the MARKER key. o Rt 200 am ROV 100 Kz s SWT S00me  Toater Deac/virme
Att: 0dB +VBW: 1 MHz  Trig: Free Run = Detect: RMS
The R&S FSH activates a marker wavsren - T
and sets it on the peak level of the

currently displayed spectrum.

» Use the rotary knob or the cursor
keys to move the marker on the
horizontal axis to the frequency
you want to analyze, or enter the
frequency directly with the number
keys. MHz

Settings Update Spectrogram Spectrogram  Time Line

» Press the "Select Time Line" softkey and browse through the spectrums using the
rotary knob or the cursor keys until the spectrum of interest is displayed in the
upper window.

The time stamp of the selected time line gives you a precise indication on when the
event shown in the spectrum occurred.

For more information on marker functionality, see

e "Using Markers" on page 199

Switching back to active spectrogram recording
To resume recording of a new spectrogram
» Press the "Live Update" softkey at any time you are in playback mode.

The R&S FSH switches back to performing live measurements.
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Long time spectrograms

The R&S FSH can record spectrogram data up to 999 hours (although the maximum
time actually depends on the measurement settings and available storage space).

» Press the SETUP key.

» Press the "Measure Setup" softkey and look for the "Spectrogram Long Time
Recording" settings.

» Connect the storage device (necessary for long time recording).

> Select the storage device you would like to use from the "Recording Storage"
menu item (USB or SD card).

» Turn on the long time spectrogram with the "Long Time Recording” menu item.

The R&S FSH starts the spectrogram measurement. The data is written directly to the
connected storage device in one or more files, depending on the overall length of the
spectrogram . the longer the recording last, the more files are created.

When you stop the recording, the Recording done

R&S FSH shows a message Spectrogram Recording successfully completed. Results saved in

Containing the directory Where the \Storage Card\Spectrogram Recording Results\SPG_20160114_195529
Press OK to

measurement data has been saved.

S Playback 14/01/1621:26 »
When yOU p|aybaCk the SpeCtrogram, \ectr‘ RBW: 1 MHz SWT: 20ms  Trace: CIear/W

. — . . = Att: 0dB VBW: 1MHz  Trig: Free Run Detect: Max Peak
the currently used file is indicated in SPG_003.5pm (3 of 7)

21:13.48 14/01/2016 [12 21:13:48  14/01/2016

the display.

Note that it might take a little while to access a new file during spectrogram playback (a
corresponding message is shown).

Configuring long time spectrograms

You can define several characteristics of the long time spectrogram in the "Measure
Setup” menu:

e Recording mode: Selects the way the spectrogram is controlled.

"Timer": Recording starts and stops on a certain date and time. You can define
the date via the "Start / Stop Date" and "Start / Stop Time" menu items (for
example from 6:00 am to 6:00 pm on January 1st in the year 3000. You can
also define a "Duration" instead of specifying a stop time.

- "Immediately": Recording begins immediately, and you can define a "Duration"
(for example 6 hours). Otherwise the recording stops when you deliberately so.

- "Limits Failure": Recording starts or stops when a limit has been violated.
Select the details with the "Limits Save Mode" menu item.

In any case, you can stop the recording deliberately any time by turning the
long time spectrogram off.

- "Stop Recording If Battery Low": Recording stops when the battery level runs
low.
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e Recording Speed: Selects if the spectrogram measurement time is defined
automatically by the R&S FSH or manually. In the latter case, define the
measurement time with the "Manual Recording Interval" menu item (Example: a
spectrogram line is added every 100 ms).

Analyzing long time spectrograms with the R&S InstrumentView software

Long spectrograms can be difficult to read on the R&S FSH. However, the

R&S InstrumentView software package provides a tool called the "Long Time
Recording Viewer" that allows you to conveniently display and analyze very long
spectrograms.

> Select "Analysis" > "Spectrogram" to open the viewer.
In the viewer, you can do several things.

e Display spectrograms that you have previously saved via the "File" menu. The
compressed view shows the complete spectrogram, while the main window shows
a detailed view of the measured data.

e Apply different color schemes via the "Colors" menu. The color schemes are the
same as those available within the firmware. See "Configuring the Display" on
page 88.

e Select a certain time line in the spectrogram and view the corresponding spectrum
in the diagram area below the spectrogram.

Zoom into and out of the measurement results.

Position markers in the spectrogram via the "Show" menu and the "Measurement”
panel on the right side of the user interface.

Configure markers via the "Setup” panel on the right side of the user interface.
View the measurement setup via the "Measurement" panel.

Prerequisites

Using the "Long Time Recording Viewer" requires you to install .NET framework
version 4.0 or higher on the PC you are running the R&S InstrumentView software on.
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4.1.11 Using Isotropic Antennas

The R&S FSH supports measurements with an isotropic antenna.

You can use any isotropic antenna available with the R&S TS-EMF system (order no.
1158.9295.05). Each of those antennas supports a different frequency range between
9 kHz and 6 GHz.

Test setup

The test setup consists of an R&S FSH and one of the isotropic antennas. The
necessary cables are provided with the antennas.

» Connect the RF cable with the N coaxial connector to the RF input (port 1).

» Connect the control cable to the power sensor interface (9-pin D-Sub connector)
with the adapter cable that comes with the antenna.

If necessary, you can connect an additional extension cable (R&S TS-EMFZ2,
order no. 1166.5708.02).

Starting the measurement

» Press the MEAS key.

» Press the "Meas Mode" softkey.

> Select the "Isotropic Antenna" menu item.

After you have turned the isotropic antenna on, the R&S FSH uses the isotropic
antenna for all measurements.

Note that when you turn the isotropic antenna on without having selected a
transducer factor first, the R&S FSH asks you to select a transducer factor.
Using transducer factors

The isotropic antenna is in effect a transducer. Because it has a characteristic
frequency response, it is necessary to correct the measurement results by these
characteristics.

The transducer factors for each of the supported isotropic antennas are provided with
the R&S FSH. The factors contain typical correction values for all three antenna
elements as well as the correction values for the cable.

» Press the AMPT key.
» Press the "Transducer" softkey
The R&S FSH opens a dialog box to select the transducer factor.
» Select the "Primary Transducer" menu item.
» Select the transducer factor.

The file you have to select depends on the antenna you are using. The file type of
transducer factors for isotropic antennas is *.isotrd.

» Confirm the selection with the "Select" softkey.
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If you are using the extension cable R&S TS-EMFZ2, you have to take this into
account as a secondary transducer.

» Press the "Transducer” softkey.
» Select the "Select Secondary Transducer" menu item.
The R&S FSH opens a dialog box to select transducer factors with the unit dB.
> Select the transducer factor for the extension cable.
» Confirm the selection with the "Select" softkey.
For more information see "Using Transducer Factors" on page 135.

You can create and edit transducer factor with the R&S InstrumentView software
package and then transfer them into the internal memory of the R&S FSH. Each
transducer factor may consist of up to 1000 reference values.

Display of the antenna directions

An isotropic antenna consists of three orthogonal elements. Each of these elements
measures the field strength from a different direction (x-, y- and z-axis).

Decrease of measurement speed

Because the R&S FSH performs a measurement on each of the three antenna axes,
the update rate of the results decreases slightly.

You can select to display different aspects of the measurement.
» Press the "Meas Mode" softkey.
» Select the "Iso Direction [ ]" menu item.
The R&S FSH opens a new menu to select the measurement aspect.
e "Auto"
Shows the total field strength over all three antenna axes.

The displayed result is a combination of the results for each antenna element. After
measuring each of the three directions individually, the R&S FSH calculates the
total field strength (Er) based on the results for each antenna element.

E, = EZ+E2 +E?

o "X"

Shows the field strength measured on the antenna's x-axis only.
o "Y"

Shows the field strength measured on the antenna's y-axis only.
o "Z"

Shows the field strength measured on the antenna's z-axis only.
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4.2 Configuring Spectrum Measurements

4.2.1 Configuring the Horizontal Axis

The FREQ key contains all necessary functions to configure the horizontal axis for
spectrum measurements.

The contents of the menu depend on the currently selected measurement.

Usually, the horizontal axis contains frequency information in spectrum mode. You can
specify the frequency in terms of the center frequency or by defining a start and stop
frequency for a particular span.

If you know the frequency of the signal you are measuring, it is best to match the
center frequency to the signal's frequency. If you are investigating signals, e.g.
harmonics, that are within a particular frequency range, the best option is to enter a
start and stop frequency to define the span.

4.2.1.1 Defining the Center Frequency

The center frequency represents the frequency at the center of the horizontal axis in
the diagram area.

» Press the FREQ key.
The R&S FSH opens the frequency menu.

When you press the FREQ key, the R&S FSH automatically opens an input field to
define the center frequency. If the input field is inactive, you can open it with the
"Center Freq" softkey.

» Enter the center frequency you need.
The frequency you have entered becomes the new center frequency.

While adjusting the center frequency, you may obtain a value that is outside the
R&S FSH maximum span. If this happens, the R&S FSH automatically reduces the
span.

4.2.1.2 Defining a Frequency Step Size

If you set the center frequency with the rotary knob or the cursor keys, the distance of
each step that you take depends on the span. With the rotary knob, the smallest
possible step is a pixel. As the trace consists of 631 pixels, each step is equal to 1/630
of the span. With the cursor keys, the step is 10% of the span or one division of the
grid.

You can set another step size.

» Press the FREQ key.

» Press the "CF Step Size" softkey.

The R&S FSH opens a submenu that contains possible step sizes.
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- 0.1 xSpan

The step size equals 10% of the span or 1 division of the horizontal axis.
- =Center

The step size equals the center frequency.

This step size is ideal for measurements on harmonics. When you increase or
decrease the center frequency, the center frequency automatically moves to
the next harmonic.

- Manual...
Define any step size you want.

This step size makes it easy to investigate a spectrum with frequencies at
constant intervals.

» Select the step size you need from the menu.
The R&S FSH adjusts the step size accordingly.

If you set the step size to 10% of the span or to the center frequency, the R&S FSH
sets the step size internally. Manually defining the step size opens an input field to
define the step size.

4.2.1.3 Setting a Frequency Offset

For measurements on frequency converters such as satellite downconverters, it is
often convenient to reference the results to the frequency prior to conversion. For this
purpose, the R&S FSH offers a frequency offset that arithmetically shifts the center
frequency to higher or lower frequencies. Thus, the R&S FSH displays the input
frequency of the DUT.

Positive frequency offset is possible in the range from 1 Hz to 100 GHz, in steps of
1 Hz. The maximum negative frequency offset depends on the start frequency you
have set. The start frequency, taking into account the frequency offset, is always
20 Hz.

» Press the FREQ key.
» Press the "Freq Offset" softkey.

The R&S FSH opens an input field to set the frequency offset.
» Enter the frequency offset you need.

The R&S FSH adds the frequency offset to the center frequency you have set. A
red dot at the center frequency display indicates that a frequency offset has been
set.
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4.2.1.4 Defining a Start and Stop Frequency
Defining a start an stop frequency is best suited for example for measurements on
harmonics or signals whose exact frequency is unknown.
» Press the FREQ key.
» Press the "Start Freq" softkey.
The R&S FSH opens an input field to define the start frequency.
» Enter the start frequency you need.
> Set a stop frequency with the "Stop Freq" softkey.

The R&S FSH adjusts the horizontal axis according to your input, beginning with
the start frequency and ending with the stop frequency.

If you have entered a stop frequency that is outside the maximum frequency range,
the R&S FSH sets the stop frequency to the possible maximum.

The label of the horizontal axis changes from "Center" and "Span" to "Start" and
"Stop".

4.2.1.5 Setting the Span

The span is the frequency range around the center frequency that a spectrum analyzer
displays on the screen. The span you should select depends on the signal and the
measurement that you are performing. A rule of thumb is that it should be at least twice
the bandwidth occupied by the signal.

The available span for frequency domain measurements depends on the instrument

model.

e R&SFSH4: 10 Hzto 3.6 GHz

e R&S FSHS8: 10 Hz to 8 GHz

e R&SFSH13: 10 Hzto 13.6 GHz
e R&S FSH20: 10 Hz to 20 GHz

If you set a span of 0 Hz (zero span), the R&S FSH performs measurements in the
time domain.

» Press the SPAN key.

When you press the SPAN key, the R&S FSH automatically opens an input field to
define the span. If the input field is inactive, you can open it with the "Manual
Span" softkey.

» Enter the span you need.

The R&S FSH adjusts the span of the horizontal axis.
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If you have to switch between full span and a smaller span, you can do so without
having to enter the numeric values.

> Press the SPAN key.

» Press the "Full Span" softkey.
The R&S FSH displays the spectrum over its entire frequency range.

» Press the "Last Span" softkey.
The R&S FSH restores the span that you have set just before displaying the entire
frequency range.

Time domain measurements

You can also activate time domain measurements without having to enter the value
manually. When measuring in the time domain, the span is 0 Hz. In that state, the
R&S FSH measures the signal at the current center frequency only. Instead of
displaying the spectrum, the R&S FSH shows the signal power over a certain time
period. The horizontal axis becomes the time axis. The display always starts at 0 s and
stops after the currently set sweep time.

» Press the SPAN key.
» Press the "Zero Span" softkey.

The R&S FSH sets a span of 0 Hz and performs the measurement in the time
domain.
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4.2.2 Configuring the Vertical Axis

All relevant settings to configure the vertical axis are available in the amplitude menu.
You can access it via the AMPT key.

4.2.2.1 Setting the Reference Level

The reference level is represented graphically by the grid line at the top of the diagram.

The reference level sets the input signal gain up to the display stage. If the reference
level is low, the gain is high. That means that even weak signals are displayed clearly.

If you are measuring strong signals, you have to set a high reference level in order to
prevent an overload of the signal path of the analyzer and to keep the signal within the
display range. If you are measuring the spectrum of a composite signal, make sure that
the reference level is high enough to cover all signals and that all signals are within the
measurement diagram.

» Press the AMPT key.

When you press the AMPT key, the R&S FSH automatically opens an input field to
define the center frequency. If the input field is inactive, you can open it with the
"Ref Level" softkey.

» Enter the reference level you require.

If you change the reference level, the R&S FSH adjusts the position of the trace as
you make the changes.

By default, the reference level corresponds to the grid line at the top of the diagram.
You can also change the position of the reference level to another grid line if you have
a signal that would otherwise overlap with the top of the diagram area. The R&S FSH
indicates the current reference level position with a triangle at the corresponding grid
line on the vertical axis (JiHi).

» Press the AMPT key.
» Press the "Range / Ref Pos" softkey.
The R&S FSH opens a submenu.
» Select the "Ref Position 10..." menu item.
The R&S FSH opens an input field to define the reference position.
» Enter the number of the grid line you want the reference level at.

The range is from 0 to 10. "0" corresponds to the lowest grid line, "10" corresponds
to highest grid line.
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4.2.2.2 Setting a Display Range

The display range determines the scaling or resolution of the vertical axis. In the
default state, the display range is a logarithmic scaling over a 100 dB. This
corresponds to 10 dB per grid division. The R&S FSH provides other display ranges
that either increase or decrease the resolution of the vertical axis.

However, increasing resolution does not increase the accuracy of, for example, the
marker level readout, but only makes it easier to read values off the trace.

You can also select a linear scale for the vertical axis. In that case, the power levels
are expressed as a percentage of the reference level. Linear scaling is useful to
display AM modulated carriers in the time domain, for example.

» Press the AMPT key.
» Press the "Range / Ref Pos" softkey.
The R&S FSH opens a submenu to select the display range.

» Select the display range you need (“Manual Range” allows you to select a custom
range).

The R&S FSH adjusts the vertical axis accordingly.

4.2.2.3 Selecting the Display Unit

By default, the vertical axis (and therefore the reference level) is scaled in dBm.
However, the units dBmV, dBuV, Watt and Volt are also available. Selecting the right
unit is relevant for the marker level display because the unit of the marker level is the
same as that of the reference level.

» Press the AMPT key.
» Press the "Unit" softkey.

The R&S FSH opens a submenu to select the display unit.
P> Select one of the available units.

The R&S FSH adjusts the labels of the vertical axis accordingly.
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4.2.2.4 Setting a Reference Offset

You can define a reference offset for the reference level. With a reference offset, you
can increase the reference level by a certain amount. This is useful, for example, if an
attenuator or amplifier has been inserted before the RF input. The R&S FSH
automatically takes the loss or gain into account when the level is displayed and no
manual calculations are necessary. A loss introduced at the RF input must be entered
as a positive number and a gain as a negative number.

» Press the AMPT key.
> Press the "Ref Offset" softkey.
The R&S FSH open an input field to
» Enter the offset you need.
The R&S FSH includes the offset in the measurement.

To indicate an offset other than 0, the R&S FSH puts a red dot at the "Ref:"
hardware setting (= Ref: -20.0 dBm).

4.2.25 Setting the RF Attenuation

RF attenuation adjusts the input range inside the analyzer. It is coupled directly to the
reference level. If you have set a high reference level, RF attenuation is turned on in
10 dB steps according to the table below so that the input mixer always remains in the
linear range.

The R&S FSH provides three attenuation modes.
e Auto Low Distortion

If this mode is active, the R&S FSH sets the RF attenuation 10 dB higher
according to the table below, making the stress of the input mixer 10 dB less at the
specified reference level. If the spectrum is densely occupied with signals, e.g. in a
television cable network, the input mixer reduces the R&S FSH inherent spurious
products. However, the inherent noise display of the R&S FSH increases due to
the increased attenuation in front of the input mixer.

e Auto Low Noise

If this mode is active, the R&S FSH sets the RF attenuation 10 dB lower. This
increases the sensitivity of the R&S FSH, which means that the inherent noise
display decreases due to the lower attenuation in front of the input mixer.

e Manual
Manual selection of the attenuation.

You can check the status of the RF attenuation and the preamplifier in the
measurement setup dialog and the hardware settings area of the display.
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Preamplifier OFF Preamplifier ON

Reference Level RF Attenuation RF Attenuation
Low Noise Low Distortion Low Noise Low Distortion

<-30 dBm 0dB 0dB 0dB 0dB
-29 to -25 dBm 0dB 0dB 0dB 5dB
-24 10 -20 dBm 0dB 0dB 0dB 10 dB
-19 to -15 dBm 0dB 5dB 5dB 15 dB
-14 to -10 dBm 0dB 10dB 10 dB 20 dB
-9 to -5 dBm 5dB 15 dB 15dB 25 dB
-4t0 0 dBm 10dB 20 dB 20 dB 30 dB
1to0 5 dBm 15dB 25 dB 25 dB 35 dB
6 to 10 dBm 20dB 30 dB 30 dB 40 dB
11 to 15 dBm 25dB 35dB 35dB 40 dB
16 to 20 dBm 30dB 40 dB 40 dB 40 dB
21 to 25 dBm 35dB 40 dB 40 dB 40 dB
26 to 30 dBm 40dB 40dB 40 dB 40 dB

» Press the AMPT key.
» Press the "RF Att/ Amp / Imp" softkey.
P> Select either the "Auto Low Distortion" or the "Auto Low Noise" menu item.
The R&S FSH sets the attenuation according to the table above.
» Select the "Manual: 0 dB" menu item for manual selection of the RF attenuation.

The R&S FSH opens an input field to set the RF attenuation. You can set the
attenuation from 0 dB to 40 dB in 5 dB steps.

To indicate a manual attenuation, the R&S FSH puts a red dot at the "Att:"
hardware setting (= Att: 10 dB).

4.2.2.6 Using the Preamplifier
To increase the input sensitivity, the R&S FSH provides an integrated 20 dB
preamplifier after the input mixer.

In the default state of the R&S FSH, the preamplifer is turned off. If you want to
measure signals with low powers, you can turn it on.

» Press the AMPT key.
» Press the "RF Att/ Amp / Imp" softkey.
» Select either the "Preamp On" or "Preamp Off" menu item.

The R&S FSH turns the preamplifier on and off.
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4.2.2.7 Setting the Input Impedance

In the default state, the input impedance is 50 Q.

The R&S FSH can also handle 75 Q systems. The R&S FSH does not select a 75 Q
RF input per se. Instead it selects a 75 Q matching pad connected at the RF input. The
50/75 Q matching pad R&S RAZ is recommended for 75 Q matching (see
recommended accessories). The R&S FSH automatically considers the conversion
factor when a value of 75 Q is set.

» Press the AMPT key.
» Press the "RF Att / Amp / Imp" softkey.
» Select the impedance you need.

You can also use other matching pads (e.g. R&S RAM or R&S FSH-Z38) by
activating transducer factors.

4.2.2.8 Using Transducer Factors

For more information see "Using Transducer Factors".
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4.2.3 Setting Bandwidths

The bandwidth menu contains all settings to set up filter bandwidths available in the
R&S FSH. You can access it with the BW key.

4.2.3.1 Setting the Resolution Bandwidth

The resolution bandwidth in a spectrum analyzer determines the frequency resolution
for frequency domain measurements and therefore determines how well it can
separate adjacent frequencies. The results as you see them on the display depend on
the passband of a resolution filter.

The resolution bandwidth (RBW) has several effects on measurements.

e To be able to display two or more signals whose frequencies are close together
separately, you need a (resolution) filter whose bandwidth is small enough. The
frequency difference between two sinusoidal carriers can not be less than the
selected resolution bandwidth if the carriers are to be resolved, for example.

e The bandwidth of the resolution filter also affects the noise that is displayed by the
R&S FSH. The smaller the bandwidth, the less noisy the results are. The rule is,
that if you increase or decrease the bandwidth by a factor of 3, the noise goes
down or up by 5 dB. If you change the bandwidth by a factor of 10, the displayed
noise changes by 10 dB.

e The resolution bandwidth affects the speed of the measurement. If you want to
display the true spectrum, the resolution filters have to settle at all frequencies that
are of interest. Narrow bandfilters have a longer settling time compared to wide
ones. Therefore the sweep time increases the smaller the resolution bandwidth
gets. The rule is, that if you reduce the bandwidth by a factor of 3, the sweep time
goes up by a factor of 9. If you reduce the bandwidth by a factor of 10, the sweep
time goes up by a factor of 100.

The R&S FSH has resolution bandwidths from 1 Hz to 3 MHz in a 1-3-10 sequence.
Additionally, the R&S FSH provides a 200 kHz resolution bandwidth that you have to
select and enter manually.

@ Setting the 200 kHz resolution bandwidth

The 200 kHz bandwidth is not coupled to the span, so it will not be selected if
automatic selection of the RBW is on.

In fact, you have to enter the 200 kHz resolution bandwidth with the number keys.
When using the rotary knob or the cursor keys, the 200 kHz bandwidth will be skipped.

In the R&S FSH's default state, the resolution bandwidth is coupled to the span, i.e. if
you change the span, the R&S FSH adjusts the resolution bandwidth. Therefore, you
do not have to set the resolution bandwidth manually in many cases, because the
R&S FSH automatically sets the resolution bandwidth if you change the span.

> Press the BW key.
By default, the resolution bandwidth is coupled to the span.
» Press the "Manual RBW" softkey.

The R&S FSH opens an input field to define the resolution bandwidth.
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» Enter the resolution bandwidth you need.

The R&S FSH uses the resolution bandwidth you have entered for the
measurement.

If the resolution bandwidth is no longer coupled to the span, the R&S FSH puts a
red dot at the "RBW" hardware setting (= RBW: 30 kHz).

» Press the "Auto RBW" softkey to again couple the resolution bandwidth to the
span.

Automatic adjustment of the sweep time

In its default mode, the R&S FSH automatically adjusts the sweep time as soon as you
change the resolution bandwidth. This is to make sure that the settling time required for
the selected resolution filter is properly taken into account.The maximum allowed
sweep time is 1000 s. For narrow resolution filters this value would be exceeded for
large spans. In order to avoid this, the R&S FSH adjusts the span automatically as
soon as the maximum sweep time is reached.

4.2.3.2 Setting the Video Bandwidth

The video bandwidth (VBW) basically smoothes the trace by reducing the noise and
therefore making power levels easier to see.

The noise reduction is a result of the video filter. This lowpass filter defines the video
bandwidth and filters the higher frequency parts of the voltage from the signal. Video
voltage is the (DC) voltage that results from the IF signal passing through the envelope
detector which removes the IF components and outputs the envelope only. This output
is also known as the video signal.

The figure below shows that process on an AM modulated signal in the time domain.

In case of an AM modulated signal, the envelope (or video) signal contains a DC
component that corresponds to the level of the carrier. The video signal also contains
an AC component whose frequency is the same as the AM frequency.

Envelope Signal

AM RF Signal (video voltage)

W .HM \U \| | ‘ il M o L
| | \'FSignal
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If the bandwidth of the video filter is less than the frequency of the AC component, it is
suppressed depending on its maximum frequency. If the AM component should be
displayed truly, the cutoff frequency of the filter has to be greater than the modulation
frequency.

If there is noise on the sine signal, the modulation signal can be thought of as noise. If
the video bandwidth is reduced, the high-frequency noise components above the cutoff
frequency of the video filter will be rejected. The smaller the video bandwidth, the
smaller the noise amplitude at the video filter output.

The R&S FSH provides video bandwidths from 1 Hz to 3 MHz in a 1-3-10 sequence. In
its default state, the video bandwidth is coupled to the resolution bandwidth and is the
same as the resolution bandwidth. If you change the resolution bandwidth, the

R&S FSH adjusts the video bandwidth accordingly.

The effects of the video bandwidth on measurements are as follows.

e if you are performing measurements on modulated signals, the video bandwidth
must be sufficiently large so that significant modulation components are not
rejected (= RBW)

e if you want to keep signals free of noise, you should select the smallest video
bandwidth possible (= 0.1 x RBW)

e if you are performing measurements on pulsed signals, the video bandwidth should
be at least three times greater than the resolution bandwidth so that the pulse
edges are not distorted

Like the resolution bandwidth, the video bandwidth has an effect on sweep speed.
Before each measurement, the video filter has to settle.

» Press the BW key.
» Press the "Manual VBW" softkey.
The R&S FSH opens an input field to define the video bandwidth.
» Enter the video bandwidth you need.
The R&S FSH uses the video bandwidth you have entered for the measurement.

If the video bandwidth is no longer coupled to the resolution bandwidth, the
R&S FSH puts a red dot at the "VBW" hardware setting (s VBW: 300 kHz).

» Press the "Auto VBW" softkey to again couple the video bandwidth to the RBW.
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4.2.4 Configuring and Triggering the Sweep

You can find all necessary settings to configure the sweep itself in the sweep menu. To
access it, press the SWEEP key.

4.2.4.1 Setting the Sweep Time

The sweep time is the time it takes the R&S FSH to get the results that are contained
in one trace.

In the frequency domain (span > 0), the sweep time is the time it takes the R&S FSH to
measure the spectrum in the specified span. To avoid the display of spurs in the
spectrum, the sweep time has to meet some conditions.

e The sweep time depends on the resolution bandwidth. If the sweep time is too
short, the resolution filter has no time to settle. In that case, the displayed levels
will be too low. For more information see "Setting the Resolution Bandwidth".

e The sweep depends on the span. If you increase the span, you also have to
increase the sweep time.

In its default state, the R&S FSH couples the sweep time to the span and the
resolution bandwidth to avoid invalid settings. If the coupling is active, the R&S FSH
always sets the shortest possible sweep time to make sure that the display of the
spectrum is correct and valid.

The R&S FSH requires a minimum sweep time of 20 ms for every 600 MHz of span. If
you increase the span, the R&S FSH will also increase the sweep time.

In the time domain (span = 0), the R&S FSH shows the video voltage over time. The
horizontal axis becomes a time axis that starts at 0 s and ends at the sweep time that
you selected. The range of the sweep time in the time domain is from 200 ps to 1000 s.

» Press the SWEEP key.

In the default state, "Auto SWP Time" is active.
» Press the "Manual SWP Time" softkey.

The R&S FSH opens an input field to set the sweep time.
» Enter the sweep time you need.

If the video bandwidth is no longer coupled to the span or the resolution bandwidth,
the R&S FSH puts a red dot at the "SWT" hardware setting («SWT: 2.5 s).

4.2.4.2 Selecting the Sweep Mode

The sweep mode is the way the R&S FSH performs the measurement.

In its default state, the R&S FSH measures continuously. In this mode, the R&S FSH
automatically repeats the sweep in the defined range of the horizontal axis (frequency
or time) and updates the trace accordingly after it has finished with one sweep.
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In some cases it may be sufficient to get the results over a single sweep only, e.g. if a
particular trigger condition is met. In single sweep mode, the R&S FSH performs the
sweep a certain number of times (depending on the number of averages you have set)
over the defined range of the horizontal axis (frequency or time) and then stops
measuring. It performs another sweep only after you tell it to. For more information on
setting the number of sweeps included in a single sweep see "Selecting the Trace
Mode (Average)".

» Press the SWEEP key.
» Press the "Single Sweep" softkey.

The R&S FSH activates single sweep mode.
» Press the "Cont Sweep" softkey.

The R&S FSH again starts to measure continuously.

4.2.4.3 Working with Trigger Functionality

If you have to perform measurements according to certain signal conditions, you can
use a trigger. A trigger responds to certain events. If a trigger is active, the R&S FSH
starts to measure if the trigger conditions are met. The trigger can be generated either
externally or internally.
Selecting the trigger source
» Press the SWEEP key.
» Press the "Trigger" softkey.
The R&S FSH opens a submenu to select the trigger source.
> Select the trigger source you need.
The R&S FSH activates the trigger.
The R&S FSH provides the following trigger functions.
e Freerun

A new sweep starts on completion of the previous sweep. This is the default state
of the R&S FSH.

e Video trigger

A sweep starts when the video voltage exceeds a certain level. The video trigger is
available only in the time domain (span = 0).

In the frequency domain, the R&S FSH would never start a measurement with the
video trigger because there is no guarantee that there is a signal that generates
video voltage present at the start frequency.

e External trigger (rising or falling slope)

A sweep starts on the rising edge ("Rise") or on the falling edge ("Fall") of an
external trigger signal. The external trigger signal is fed in via the BNC connector
"Ext Trigger". The switching threshold is 1.4 V, i.e. a TTL signal level.
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Gated trigger

When the gated trigger is active, a gate signal that is applied to the R&S FSH
trigger input controls the sweep. The R&S FSH starts measuring when the applied
gate signal becomes active and the set gate delay has expired, and it interrupts the
measurement as soon as the defined gate length is reached. With the gate signal
becoming active the next time the measurement is resumed etc.

Pulsed signals can be measured by this method, if the gate delay and gate length
are selected in a way that the measurement is only performed while the pulse is
active. Gated measurements are possible in the frequency domain (span > 0) and
the time domain (span = 0), but it is available only in combination with an external
gate signal.

Note that gated trigger is not available if you are using a forced FFT sweep (see
"Selecting the Sweep Type").

Internal trigger
A sweep is triggered with an accurate, internal clock.

You can use this trigger, for example, to trigger on time domain based signals,
and, in combination with a gated trigger, hide the uplink or downlink information in
the signal.

To use the internal trigger for this scenario, proceed as follows:

- Define the frequency, the span, the RBW and the amplitude parameters.

- Define the time bases of the internal clock in Hz. These should correspond
with the time domain setting of the injected RF signal.
Example: TD-LTE = 100Hz

- With the "Gate Settings" ("Gate Length" and "Gate Delay"), select the signal
you are interested in. (See below for more information about gate settings.)

- Turn on the gated trigger.

Note that the internal trigger is available for devices with a serial number > 121000

Including a Delay Time

When you are using a video trigger in the time domain or an external trigger, you can
delay the start of the measurement with respect to the trigger event by entering a delay
time. In this way, you can include time differences between the trigger event and the

measurement.

The range of the trigger delay is from 0 ps to 100 s. The resolution depends on the

subrange.
Trigger delay Resolution
Otolms 10 ps
1msto 10 ms 100 ps
10msto100ms | 1MS
100mstols 10 ms
1st010s 100 ms
10st0100s 1s
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» Press the SWEEP key.
» Press the "Trigger" softkey.
» Select the "Trigger Delay..." menu item.
The R&S FSH opens an input field to define the trigger delay.

» Enter the delay time you need.

Defining the Trigger Level

When you are using the video trigger, you have to define a trigger level. The trigger
level is a percentage of the reference level. A trigger level of 100 % is the same as the
reference level. A trigger level of, e.g. 50% corresponds to the middle of the vertical
axis. The R&S FSH indicates the video trigger level with a triangle.

» Press the SWEEP key.
» Press the "Trigger" softkey.
» Select the "Trace Video" menu item.
The R&S FSH opens an input field to define the trigger level.
» Enter the trigger level.

The R&S FSH shows the trigger level by adding a horizontal line to the diagram
area.

Performing Gated Sweeps

When the external trigger is active, it is possible to perform a gated sweep.
» Press the SWEEP key.

» Press the "Trigger" softkey.

> Activate an external trigger.

Now that the external trigger is active, the "Gated Trigger" menu item becomes
available.

» Press the "Trigger" softkey again.
» Select the "Gated Trigger" menu item.

In order to get appropriate results, you have to set the gate delay and gate length in a
way that the measurement is active during the interesting part of the signal. You can
also modify the sweep time in order to match the horizontal axis to the length of the
signal and thus set the gate delay and gate length parameters more accurately.

The gate delay parameter defines the time between the trigger event and the
beginning of the actual measurement. The gate length defines the duration of the
measurement, before it is interrupted and the next gate signal is anticipated to resume
the measurement.

» Press the SWEEP key.
» Press the "Trigger" softkey.

» Select the "Gate Settings" menu item.

Operating Manual 1173.6275.12 - 35 113



R&S FSH Spectrum Analyzer Mode

Configuring Spectrum Measurements

The R&S FSH opens a softkey submenu to control the gate settings. At the same time,
the R&S FSH switches into time domain, as indicated in the display.

| 2

>

Press the "Manual SWP Time" softkey and set the sweep time in a way that the
portion of interest of the signal is visible on the screen.

Press the "Gate Delay" softkey.

The R&S FSH opens an input field to define the trigger delay.
Enter the delay time you need.

The measurement now starts after the delay time has passed.
Press the "Gate Length" softkey.

The R&S FSH opens an input field to define the gate length.
Enter the length of the gate.

The R&S FSH now measures over the period of the gate length. After the gate has
closed, the R&S FSH waits with the measurement until the next gate signal
happens.

The delay time and gate length are represented by vertical red lines in the diagram
area.

After setting the gate delay and gate length, exit the gate settings menu with the
"Exit" softkey.

The R&S FSH returns to the frequency domain provided it was active before
setting up the gated trigger. The original span is restored. The R&S FSH is ready
to perform measurements with an accurately set gate.

4.2.4.4 Selecting the Sweep Type

The sweep type defines the way how the R&S FSH captures and processes the
data.

Press the SETUP key.

Press the "User Preferences" softkey.

Select the "Sweep / FFT" menu item.

The R&S FSH opens a dropdown menu to select the sweep type.

Which sweep type is appropriate for the current measurement depends on the
span, RBW, VBW and sweep time settings.

- Auto

The R&S FSH automatically selects the fastest sweep type for the current
measurement configuration.

- Always Sweep

The R&S FSH uses the local oscillator to provide the spectrum quasi analog
from the start to the stop frequency.
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- Prefer FFT

The R&S FSH samples the signal levels over time on a defined frequency
value and transforms it to the spectrum by fast Fourier transformation (FFT).

Note that an FFT sweep is not possible under the following circumstances:

For measurements in the time domain (zero span).

For TDMA power, spectrum emission mask and spurious emission measurements.
For measurements with a gated trigger.

If the frequency span is smaller than the resolution bandwidth (RBW).

If the the resolution bandwidth (RBW) is greater than 300 kHz.

4.2.4.5 Capturing I/Q Data

In addition of doing a frequency sweep to analyze a signal, you can also capture and
analyze the real (in-phase) and imaginary (quadrature) parts of the signal. Capturing
the I/Q data can be useful to analyze signals with a complex digital modulation scheme
used in most modern telecommunication systems.

I/Q analysis is available in the spectrum analyzer application. Note that you can only
control it via remote control using SCPI commands.

For a comprehensive description about remote controlling the R&S FSH and the SCPI
commands required to capture 1/Q data, refer to the R&S FSH-K40 user manual.

» Establish a remote connection to the R&S FSH.
» Turn on the I/Q capture mode.
» Define a sample rate.

The sample rate defines the number of I/Q samples that the R&S FSH captures in
one second. The maximum sample rate is 38.4 MHz. The sample rate also defines
the analysis bandwidth: Analysis BW = 0.8 * sample rate.

» Define a record length.

The record length defines the number of samples the R&S FSH captures. The
maximum record length is 524288 samples.

Select "Single Sweep" mode and initiate a measurement.
Wait until the measurement is done.

Select the data format in which you want to query the I/Q data (REAL or ASCII).

vVvyyy

Query the I/Q data. For each sample, two values are returned: the real part and the
imaginary part of the signal. You can either query the complete capture buffer, or
select a certain range of samples.
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4.2.5 Working with Traces

The trace menu contains all functions available to customize the trace display.

4.25.1 Selecting the Trace Mode
The R&S FSH provides several trace modes. The trace mode defines the way the
R&S FSH writes the trace.
e Clear/Write
In its default state, the R&S FSH overwrites the trace after each sweep.
You can apply all detectors in this mode.
e Average
The trace is the result of the moving average over several sweeps.

The R&S FSH calculates the (moving) average of the power levels for each pixel
over a particular number of sweeps in the range from 2 to 999.

Averaging reduces the effects of noise, but has no effects on sine signals. Using
the trace averaging therefore is a good way to detect signals in the vicinity of
noise.

You can apply all detectors in this mode.
e Max Hold

The trace shows the maximum power levels that have been measured at each
pixel.

To overwrite a max hold trace, change a parameter in a way that the results can
not be compared any more, e.g. the span. Using the max hold trace mode is a
good way to detect intermittent signals or the maximum values of fluctuating
signals, for example.

Using the max hold trace mode automatically activates the max peak detector.
e Min Hold

The trace shows the minimum power levels that have been measured at each
pixel.

To overwrite a min hold trace, change a parameter in a way that the results can not
be compared any more, e.g. the span. Using the min hold trace mode is a good
way to highlight signals within noise or suppress intermittent signals.

Using the min hold trace mode automatically activates the min peak detector.
o View
The view trace mode freezes the current trace and aborts the measurement.

Using the view trace mode is a good way to evaluate the trace, for example with
markers.
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» Press the TRACE key.
» Press the "Trace Mode" softkey.

The R&S FSH opens a submenu to select the trace mode.
» Select the trace mode you want to work with.

If you have selected the average trace mode ("Average: 10" menu item), the
R&S FSH opens an input field to set the number of sweeps the R&S FSH includes
in the averaging.

» Enter the number of sweeps to include in the averaging.

In continuous sweep mode, the R&S FSH now calculates the moving average over
the number of sweeps you have specified. In single sweep mode, it stops the
measurement after finishing the sweeps and averages the traces.

4.2.5.2 Selecting the Detector

The number of measurement results collected in a single sweep usually is very high,
especially if the span is large. However, the display of the R&S FSH can display only
631 results in horizontal direction, as it is limited by the number of pixels that are
available on the display. Therefore, it has to combine measurement results to fit them
on the display. In that case, one pixel represents a frequency range = span/631.

The detector determines the way the R&S FSH combines and displays the results for
one pixel. The data base is the video voltage of the analyzer.

The R&S FSH provides several types of detectors.
e Auto Peak

If the auto peak detector is active, the R&S FSH displays both the maximum and
the minimum power levels that were measured in the frequency range covered by
a pixel.

Therefore, the auto peak detector loses no information. If a signal power level
fluctuates (e.g. noise), the width of the trace depends on the magnitude of the
signal fluctuation.

The auto peak detector is the default detector.
e Max Peak

If the max peak detector is active, the R&S FSH displays only the maximum power
levels that were measured in the frequency range covered by a pixel.

The max peak detector is useful for measurements on pulse or FM signals, for
example.

e Min Peak

If the max peak detector is active, the R&S FSH displays only the minimum power
level that were measured in the frequency range covered by a pixel.

The min peak detector displays sine signals with the correct level and suppresses
noise. Therefore it is useful to find sine signals in the vicinity of noise.
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e Sample

If the sample detector is active, the R&S FSH shows one random power level that
was measured in the frequency range covered by a pixel.

The sample detector is useful for measurements in the time domain (span = 0 Hz)
as it provides the only way to represent the timing of the video signal correctly.

In the frequency domain, the sample detector is a good way to measure noise
power because noise usually has a uniform spectrum with a normal amplitude
distribution.

Signals may get lost if you are using the sample detector for measurements with a
span that is greater than "RBW*631".

e RMS

If the RMS detector is active, the R&S FSH measures the spectral power over one
pixel. In case of power measurements, the RMS detector always shows the true
power of a signal, regardless of the shape of the signal.

The RMS detector is best for measurements on digitally modulated signals
because it provides stable and true power readings. In combination with a high
sweep time you can increase the display stability even more because the
measurement time for each pixel increases.

Noise measurements also provide stable results if you apply the RMS detector in
combination with a high sweep time.

However, the bandwidth occupied by the signal to be measured should at least
equal the frequency covered by a trace pixel or the selected resolution bandwidth
(whichever is larger). Otherwise, the power the R&S FSH shows is too low
because there are spectral components within the frequency range covered by the
pixel that do not originate from the signal you want to observe (e.g. noise).

To get the true power, the video bandwidth (VBW) should also be greater than the
resolution bandwidth (RBW). Otherwise, an averaging effect caused by video
bandlimiting comes into play before the RMS value is calculated.

The R&S FSH provides automatic selection of the detector. In that case, the R&S FSH
selects the detector that is most suitable for the current trace mode.

Trace mode | Detector
Clear/Write Auto Peak
Average Sample
Max Hold Max Peak
Min Hold Min Peak
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If you select the detector manually, the detector is independent of the trace mode and
will not change.

>
>
>

Press the TRACE key.
Press the "Detector" softkey.
Select the detector you want to use.

If you automatic detector selection is active, the corresponding menu item is
marked by an [X].

4.2.5.3 Working with a Second Trace

In spectrum mode, you can use two traces. Both traces are based on the same
settings, except the trace settings like the trace mode or the detector. You can use the
second trace to compare, for example, two different detector settings.

In the default state, only trace 1 is active.

» Press the TRACE key.

» Press the "Show" softkey.

» Select the "Trace 2" menu item.

B 09/12/10 15:35 »
The R&S FSH shows the second o Ref 200 dBm RBW: 100 kHz SWT: 20ms  Trace: Min Hnl

Att: 0dB VBW:. 1 MHz  Trig: Free Run = Detect. RMS

trace. The second trace is in a
different color. To show that the
second trace is active, the

R&S FSH labels the "Trace 2"
menu item with an [X].

After you have activated the
second trace, this is also the
active one. All actions (like
changing the detector or trace
mathematics) apply to the active
trace.

Center:1 GHz : Span:6 MHz
e et = T " SEIECE

Detector

Mode Trace

The trace indicator shows the currently active trace with a white background.

I

Press the "Select Trace" softkey.

Trace 1 becomes the active trace.

You can put both traces into the internal memory of the R&S FSH and restore them
later. Note that the memory trace 1 and memory trace 2 have the same color (i.e.
white).
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4.2.5.4 Working with Memory Traces

You can save the image of both traces to the memory of the R&S FSH and later
restore it and compare it to a live trace. The memory trace is always colored white to
distinguish it from the live trace.

Measurement settings
Because the memory trace is just a bitmap, any modifications to measurement settings

like span or reference level are nor reflected in the memory trace.

When you save a data set, the R&S FSH also stores the associated trace in the trace
memory. If you restore it at a later time, you can display the memory trace as if it is a
normal memory trace.

» Press the TRACE key.

» Select the trace you want to store e Rt 200 anm RO 200Ktz SWT: 20 ms e Ciear/ thnme
in the trace memory W|th the Att: 0dB VBW: 300 kHz Trig: Free Run = Detect: Max Peak
e o R P
> Press the "Trace »M S T O O IO
ress the "Trace emory" 30,
softkey. o g T [
N 1 I Y . 7
The R&S FSH saves the active 0. -ll!llWJNM_--II--IUIWU
trace. it gLl -l -

» Press the "Show" softkey.

> Se|eCt the "Memory <X>" menu Center:1 GHz Span:20 MHz
item Mode Detector Show

The R&S FSH shows the corresponding memory trace. If active, it labels the
"Memory <x>" menu item with an [X].

4255 Using Trace Mathematics

Trace mathematics substract the memory trace from the live trace and vice versa and
then display the results.

» Press the TRACE key. xRt 100 Em B SO0k ST 20 Tiee G T
Att 30 dB VBW: 300 kHz Trig: Free Run = Detect: MaxPeak

» Press the "Trace » Memory" UTTMO T T T T [ [WmTTT™
softkey. L . U PR A U

S 7 At Y I

» Press the "Show" softkey. _ -.ﬂ--ﬂ_-'j---

» Press the "Trace Math" softkey.

» Select the "Trace-Memory" or
"Memory-Trace" menu item.

The R&S FSH calculates and
shows the resulting trace.

Center:1 GHz
" Manual™

SWP Time Trigger

» To turn off trace mathematics, select the "Off" menu item.
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4.2.6 Using Markers

The spectrum analyzer mode provides marker and deltamarker functionality. In
addition, you can use several marker functions.

4.2.6.1 Using Markers and Deltamarkers

The R&S FSH has six markers, five of which can be used as either markers or delta
markers.

The markers cannot leave the trace and indicate the horizontal and vertical coordinates
of the point they are positioned on. The horizontal position of a marker is shown by a
vertical line which extends from the top to the bottom of the measurement diagram.
The marker list above the diagram area shows the exact coordinates of all markers in
use.

The position of a delta marker is indicated by a dashed line to distinguish it from a
normal marker. The delta marker level is always a relative to the main marker level and
so the delta marker level unit is always dB. The delta marker frequency is always
relative to the main marker — in other words, the delta marker frequency is the
frequency difference between the frequency at the point marked by the main marker
and the frequency at the point marked by the delta marker.

To measure complex signals, you can activate up to six markers. Marker 1 is always a
normal marker and the reference of all delta markers. Markers 2 to 6 are either
markers or delta markers depending on your set up.

Screen Layout with Active Markers

Vecto ala: <nmone 1370810 0021 A
Ref 0.04d8 BW: 10kHz SWT: 113ims
=Lt 0dB ig: Frea Run
-76.18 dBm 1284 dBm
1064286 MHz 2490 dBm

[ 811 (mnkal) Mag |

Marker list

Marker label: M(x)

Delta marker label: D(x)
Active marker label (red label)
Delta marker (blue dotted line)
Marker (blue line)

Marker input field

Marker menu

O ~NO O WNBRE
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4.2.6.2 Positioning Markers

» Press the MARKER key.

The marker menu opens.

If, as yet, no marker has been activated, the R&S FSH automatically activates the
main marker and positions it on the maximum level that has been measured. In
addition, the marker frequency input field opens.

You can perform the following actions:

Position the marker with the cursor keys.

When positioning the marker with the cursor keys, the step size is 10% of the
span.

Position the marker with the rotary knob
When positioning the marker with the rotary knob, the step size is one pixel.

Enter a marker position with the number keys and confirm the entry with one of the
unit keys.

Confirm the marker position with the ENTER key.
The marker input field closes.

By default, the marker list above the diagram area is active. The marker list shows
the horizontal position of all markers and the corresponding vertical value. If
inactive, the list shows only the coordinates of markers 1 and 2.

You can turn it off and on again whenever you like.
Press the "View List" softkey.

The marker list turns off or on, depending on its original state.

4.2.6.3 Positioning a Delta Marker

When a normal marker is already in use, you can add delta markers.

» Press the MARKER key.

» Press the "New Marker" softkey.

The R&S FSH activates a delta marker and positions it on the next maximum level
that has been measured. In addition, the delta marker input field opens.

The R&S FSH adds the delta marker to the marker list and shows the marker
position relative to the normal marker (M1).

You can perform the following actions:

Enter a delta marker position with the number keys and confirm the entry with one
of the unit keys.
Change the delta marker position with the rotary knob or the cursor keys.
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» Confirm the delta marker position with the ENTER key.
The delta marker input field closes.

» To add more markers, press the "New Marker" softkey several times until you have
the number of markers you want in the display.

4.2.6.4 Selecting the Marker Type

When you add new markers, they will be delta markers by default. Their coordinates
are relative to the first marker (M1). You can turn delta markers into normal markers if
you need absolute information about the marker position.

» Press the MARKER key.

» Select the delta marker you want to convert with the "Select Marker" softkey.
The corresponding marker symbol turns red and the marker input field opens.

» Press the "Marker Type" softkey.

The delta marker turns into a normal marker. Its label changes accordingly (e.g. D2
to M2) and its coordinates are now absolute values.

4.2.6.5 Automatic Positioning of Markers
The R&S FSH offers functions that make setting the markers easier or allow to make
instrument settings on the basis of the current marker position:
e "Setto Peak"

The Peak function places the active marker or the delta marker on the highest level
value of the trace.

e "Setto Next Peak"

The Next Peak function places the active marker or delta marker on the next
highest level value of the trace, relative to its current position.

e "Setto Minimum"

The Minimum function places the active marker or delta marker on the lowest
value of the trace.

» Press the MKR— key.
> Press the "Set to Peak", "Set to Next Peak" or "Set to Minimum" softkey.

The R&S FSH positions the marker accordingly.
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4.2.6.6 Removing Markers

Remove markers any time you want.

Removing selected markers

>

vV vy VvYyy

Select the marker you want to delete with the "Select Marker" softkey.

The corresponding marker symbol turns red and the marker input field opens.
Press the MARKER key.

Press the "Delete Marker" softkey.

Select the "Delete Selected" menu item.

Confirm the selection with the ENTER key.

The R&S FSH deletes the marker.

Deactivating markers
If you delete marker 1 (M1), all delta markers that are relative to that marker are also

deleted.

Removing delta markers only

>

>
>
>

Press the MARKER key.

Press the "Delete Marker" softkey.

Select the "Delete All Delta” menu item.
Confirm the selection with the ENTER key.
The R&S FSH deletes all delta markers.

Removing all markers at the same time.

>

>
>
>

Press the MARKER key.

Press the "Delete Marker" softkey.

Select the "Delete All" menu item.

Confirm the selection with the ENTER key.

The R&S FSH deletes all markers and delta markers.
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4.2.6.7 Using Marker Search Limits
The R&S FSH allows you to use only a limited section of the trace for the "Set to
Peak", "Set to Next Peak" and "Minimum" functions.
» Press the MKR— key.
» Press the "Search Limits" softkey.
» Select the "Search Limits On/Off* menu item.
» Confirm the selection with the ENTER key.
The R&S FSH activates the marker search limits.

An [X] indicates an active search limit. Two vertical red lines show the lower and upper
limits in the diagram.

By default, the search limit range is over the whole span.
» Press the "Search Limits" softkey
» Select the "Lower Limit" menu item.
» Confirm the selection with the ENTER key.
The R&S FSH opens an input field to define the lower limit of the search range.
» Enter the lower limit.
» Confirm the entry with one of the unit keys.

If the span is wide enough, the R&S FSH displays a red vertical line to indicate the
lower limit.

» Define the upper search limit the same way.

Deactivating marker search limits

» Press the "Search Limits" softkey.

» Select the "Search Limits On/Off" menu item.
» Confirm the selection.

The "Search Limits" softkey turns grey again and in the "Search Limits" menu, the
[X] is no longer displayed.
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4.2.6.8 Using Marker Functions

In addition to the frequency and level readout, the R&S FSH provides several, more
complex, marker functions in spectrum analyzer mode.

Deactivating marker functions
Selecting a marker function again while it is still active turns that marker function off.

Measuring the Noise Power Density

The marker noise function calculates the noise power density at the marker position in
dBm/Hz. The R&S FSH includes several variables in the calculation of the noise power
density, including the trace pixel values, the resolution bandwidth, the detector and the
level display mode (absolute or relative). To stabilize the noise power display, the

R&S FSH uses the pixel the marker is on and four pixels to the right and four pixels to

the left of the marker pixel.

Noise power density can provide useful information when you are measuring noise or
digitally modulated signals. However, you will get valid results only if the spectrum in
the vicinity of the marker has a flat frequency response. When measuring the noise
power density on discrete signals, results are not valid.

» Press the MARKER key. Ref. -200dBm  RBW. 300kHz SWT: 20ms  Tracer Clear/Write

Att: 0 dB VEBW: 3MHz Trig: Free Run = Detect: EM3
1 GHz BE1 dBm/Hz

» Press the "Marker Function”
softkey. [ | &

» Select the "Noise" menu item.

The R&S FSH shows the level at
the marker frequency in dBm/Hz. If
you are using a delta marker for
the measurement, the results have
the unit dBc/Hz with marker 1
being the reference.

Measuring the Frequency

The R&S FSH provides a frequency counter. The frequency counter accurately
measures the frequency at the marker position.

When calculating the horizontal position of the marker, the R&S FSH includes the
current span, center frequency and the frequency of the pixel the marker is on. As the
trace only has 631 pixels, the marker position is just an approximation, especially if the
span is very wide.

With the frequency counter, however, you can get a more accurate result of the
horizontal marker position. If the frequency counter is active, the R&S FSH stops the
measurement at the marker position for a short time and measures the frequency
using the internal reference frequency.
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The accuracy of the results therefore depends only on the accuracy of the internal
reference frequency (TCXO). The frequency counter has a resolution of 0.1 Hz and
therefore provides far more accurate results. Despite the accuracy, the measurement
is still fast (because of a special algorithm for the 1/Q baseband signal).

The frequency counter only gives completely accurate readings for sine signals that
are at least 20 dB above the noise floor. If the S/N ratio is less, noise affects the
results.

> PreSS the MARKER key -2 kHz SWT: M ms  Trace: Clear/Write

@=f1Hz  Trig: Free Run = Detect: EMS
» Press the "Marker Function"

softkey.

» Select the "Frequency Count"
menu item

The R&S FSH displays the
counted marker. If the frequency
counter is on, the marker symbol
changes from M1 to C.

-1 —

Center:1 GHz
—

Marker
The resolution with which the frequency is measured depends on your selection.

» Select the desired frequency resolution with “Frequency Count Resolution” menu
item. “Low” has a resolution of 0.1 Hz, “High” a resolution of 0.1 mHz.

Precision frequency reference
For even more precise measurements with the frequency counter, you can use the

R&S FSH-Z114 Precision Frequency Reference (order no. 1304.5935.02).
For more information refer to the documentation available for the R&S FSH-Z114.

Measuring the Signal Bandwidth

The "n dB Down" marker function places two temporary markers to the left and to the
right of the reference marker and measures the bandwidth between the two temporary
markers. The function therefore is a good way to measure the bandwidth of a signal or
the bandwidth of a filter, for example. The temporary markers are represented as two
vertical lines.

The distance to the reference marker is by default 3 dB below the reference marker.
You can also adjust this value manually. Entering a positive value sets the temporary
markers below the reference marker. If it is, for any reason, not possible to calculate
the frequency spacing, dashes are displayed instead of a value.

Upon entering a negative value, the function turns into a n dB up function. You can use
a n dB up function, for example, for measurements on notch filters.

» Press the MARKER key.
» Press the "Marker Function” softkey.

» Select the "n dB Down" menu item
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The R&S FSH displays two temporary markers on the left and on the right of the
reference marker M1. It also shows the bandwidth between the n dB down
markers.

You can then adjust the distance of the temporary markers.

» Press the "Marker Function" Ref. 200 dBm  REW: 300 kHz SWT: 20ms  Trace: Clear/Write

A DdBE VEW: 3MHz  Trig: Fres Run = Detect: EMS
softkey. 1GHz 571 dBm

BW: 9.048 Jii1;F

» Select the "n dB Down" menu item

-3.0 T

The R&S FSH opens an input field  [EEi

» Enter a different distance (in this s
.0 —
case 6 dB). ol
The R&S FSH again shows the T il
temporary markers, this time with g —
a broader bandwidth. Canter:] GHz

T Dalete
Marker ] arker TV arker

Demodulating Signals
The R&S FSH features an AM and FM demodulator to demodulate and monitor audio
signals. It demodulates the signal at the marker frequency.

You can listen to the demodulated signal with the internal speaker or headphones that
you can connect to the 3.5 mm headphone jack on the top of the R&S FSH.

When demodulating an AM modulated signal, the R&S FSH turns the video voltage
into an audible sound. You should therefore set the reference level to about the level of
the signal that you are demodulating.

If you perform measurements in the time domain, the R&S FSH demodulates
continuously. In the frequency domain, you can define a time period the R&S FSH
demodulates the signal at the marker frequency. The frequency sweep then stops at
the marker frequency for that time before finishing the sweep.

» Press the MARKER key.
» Press the "Marker Function" softkey.
» Select the demodulation scheme you require from the menu.

The R&S FSH starts to demodulate the signal.

Demodulating signals
@ If you turn on the demodulator, the R&S FSH automatically turns off the noise marker

or the frequency counter.
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Defining the demodulation time period

>
>
>

Press the MARKER key.

Press the "Marker Function" softkey.

Select the "Time..." menu item.

The R&S FSH opens an input field to define the demodulation time.
Enter the demodulation time you need.

The range is from 100 ms to 500 s. In time domain the R&S FSH demodulates
continuously, i.e. the demodulation time is not relevant.

Controlling the volume

>
>
>

Press the MARKER key.

Press the "Marker Function” softkey.

Select the "Volume..." menu item.

The R&S FSH opens an input field to define the demodulation volume.
Enter the volume you are comfortable with.

The demodulation volume is a percentage (0 % to 100 %) with 100 % being full
volume.

For more information on general volume control see the quick start guide.
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4.2.7 Using Display Lines

Like markers, display lines help you to determine the level of the signal.

A display line is a straight line that runs horizontally and corresponds to a certain level
value. You can move the display line to each pixel in the display. This means that the
accuracy and exact vertical position of the display line depends on the resolution of the
vertical axis. With a display range of 100 dB, for example, each pixel corresponds to
0.3 dB. In that case, the accuracy of the display line is 0.3 dB. If you enter a value with
a higher resolution, the R&S FSH rounds that value.

You can also move the display line with the rotary knob or the cursor keys. The step
size for movement with the rotary knob is one pixel. The step size for the cursor keys is
10 % of the display range.

» Press the LINES key.
» Press the "Display Line" softkey.

The R&S FSH displays the display line as a blue horizontal line. It shows the
vertical position of the line in a table above the diagram area.

When you activate the display line, the R&S FSH also opens an input field to
define the vertical position of the line.

» Enter the level value you need.
The R&S FSH positions the display line accordingly.

Alternatively you can also move the display line with the rotary knob or the cursor
keys.
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4.2.8 Using Limit Lines

Limit lines help you to identify if a signal complies with certain level characteristics.

A limit line is made up out of two or more points that are connected to a line. Each of
the points that define the shape of the limit line consists of two coordinates. One
coordinate defines the horizontal position (e.g. frequency), the other one the vertical
position. With the R&S FSH you can build limit lines that consist of up to 1000 points.

Values that define the horizontal characteristics of the limit line can be either absolute
values (e.g. frequency in MHz) or relative values whose reference is the center of the
measurement trace (e.g. the center frequency). Relative values are of advantage if
you, for example, measure modulated output signals and you change the center
frequency but need the limit line to remain the same. Absolute limit lines have the file
extension ".abslim" while relative limit lines have the file extension ".rellim"

Values that define the vertical characteristsics are always level values in dB. If the
scaling of the vertical axis is currently a linear one (units V or W), the R&S FSH
automatically switches to a logarithmic scaling after you turn on the limit line.

After turning on a limit line, the R&S FSH checks if the signal violates the shape of the
limit line. If one or more signal levels exceed the limit value, the R&S FSH features
several indicators that the limit check has failed.

e Ageneral message in the diagram header that indicates if the signal violates the
limit line, including the trace that violates the limit:

e An audio signal that sounds every time a limit is violated

e The trace color turns red in areas of the spectrum that violate a limit

You can create and edit limit lines with the R&S InstrumentView software package and
then transfer them into the internal memory of the R&S FSH. The number of limit lines
you can store in the memory depends on other datasets available on the R&S FSH or,
if you are using an external storage device (e.g. memory stick), the size of it.

For more information see "Managing Datasets" on page 31.

4.2.8.1 Selecting a Limit Line

Before selecting a limit line, you need to decide if you want to use it as an upper or
lower limit line. In case of upper limit lines, the R&S FSH checks if the signal is above
the limit line. In case of lower limit lines, the R&S FSH checks if the signal is below the
limit line.

You also have to make sure that the limit line is compatible to the scale of the
horizontal axis (linear in absolute or relative terms or logarithmic).

» Press the LINES key.

» Depending on the application, press the "Upper Limit" or "Lower Limit" softkey.
The R&S FSH opens a dialog box to select the limit line.

» Select the "Load From File..." menu item.

» Press the "Sort/Show" softkey.
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4.4 Using Transducer Factors

The frequency-dependent transducer factor of transducers and antennas can be
directly considered in the measurement result. A transducer factor consists of a
numeric value and a unit. The R&S FSH corrects the level values of the trace by the
values of the transducer. At the same time, the unit of the transducer is assigned to the
level axis. When field-strength measurements are performed with the aid of antennas,
for instance, the electrical field strength is directly indicated in dBuV/m on the

R&S FSH. A transducer factor can also be used to correct a frequency-dependent
attenuation, e.g. of a cable between DUT and RF input of the R&S FSH.

You can create and edit transducer factor with the R&S InstrumentView software
package and then transfer them into the internal memory of the R&S FSH. Each
transducer factor may consist of up to 1000 reference values.

For more information see "Managing Datasets" on page 31.

Interpolation between the values is performed with the aid of a modified spline
algorithm. Even if only relatively few values such as maxima, minima and turning
points are available, this algorithm can easily simulate the correction factors of
common transducers. Two transducers can be switched on at a time. The second
transducer must be assigned the unit dB. The R&S FSH adds the two transducers to a
total transducer.

Units supported for transducer factors:

e dB
e dBuV/im
e dBuA/m
o W/m2

The unit dB does not change the unit set on the R&S FSH. It can be used, for instance,
to compensate for frequency-dependent loss and gain at the input of the R&S FSH.
The units dBuV/m and dBuA/m convert the output power of an antenna into electric or
magnetic field strength. The unit W/m2 is used to calculate and display the power flux
density.

For example, to compensate for the cable loss between the transducer and the RF
input, the R&S FSH can use two transducers at the same time. One of them must have
the unit dB, however, i.e. it must correspond to one loss or gain value.

» Press the AMPT key.

» Press the "Transducer" softkey.

Transducer factor availability

Transducer factors are not available for measurements with the tracking generator or
the Power Sensors. The "Transducer" softkey is therefore inactive.
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6 Interference Analyzer (R&S FSH-K15/ -K16)

In wireless systems, interference causes low data rates, dropped calls and poor voice
guality, often making it impossible to establish or maintain a connection.

Equipped with option R&S FSH-K15 (order no. 1309.7488.02), option R&S FSH-K16
(order no. 1309.7494.02) and / or R&S FSH-K17 (order no. 1304.5893.02), you can
track down the source of interferences with your R&S FSH. These options provide
tools and means to make the search for interferers as comfortable as possible.

To measure interferences, you'll also need a directional antenna like the R&S HL300
(order no. 4097.3005.02). For more information refer to the quick start guide.

The interference analyzer provides several measurement modes.
» Press the MODE key.

» Press the "Receiver / Interferences" softkey.

Interference analyzer (R&S FSH-K15)
» Select the "Interference Analyzer" menu item.
The R&S FSH enters the interference analyzer.

For more information see "Measuring the Spectrum™ on page 159.

Map mode
» Select the "Maps" menu item.

The R&S FSH enters the map application.

Triangulation (R&S FSH-K15)
» Press the MEAS key.
» Press the "Meas Mode" softkey.
» Select the "Triangulation" menu item.
The R&S FSH provides the triangulation measurement functions.

For more information see "Working with Maps" on page 161.

Geotagging (R&S FSH-K16)
» Press the MEAS key.
» Press the "Meas Mode" softkey.
» Select the "Geotagging" menu item.
The R&S FSH provides the geotagging measurement functions.

For more information see "Working with Maps" on page 161.
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6.1.2 Measuring the Carrier-to-Interference Ratio

The carrier-to-interference (C/lI) measurement is a tool to determine if a signal is
affected by interference from neighboring channels. In case of the carrier-to-
interference measurement, the R&S FSH determines the distance between the level of
the carrier and the second strongest level.

> Press the MEAS key.
» Press the "Meas Mode" softkey.
The R&S FSH opens the measurement menu.
» Select the "Carrier-to-Interference” menu item.
The R&S FSH starts to measure the carrier-to-noise ratio.

After you have started the measurement, the R&S FSH places two markers on the
trace. The first marker is placed on the peak power level. The R&S FSH assumes that
position as the level of the carrier. The second marker is positioned on the second
strongest level that has been measured ("Next Peak").

Based on the markers, the R&S FSH then calculates the difference between the two
signal levels and returns the result as the "Carrier-to-Interference" ratio.
Optimizing the Settings

In order to get the best results, you can use the automatic adjustment routine that the
R&S FSH offers.

» Press the MEAS key.
» Press the "Adjust Settings" softkey.

The R&S FSH performs a sweep and repeats the peak search sequence.

6.1.3 Analyzing Interference Measurements

6.1.3.1 Trace Mathematics ("Diff Mode")

The interference analyzer provides a quick way to apply trace mathematics ("Trace -
Memory Trace") and thus a quick way to compare the current results with a previous
one.

» Press the MEAS key.
» Press the "Diff Mode" softkey.

When you turn on the "Diff Mode", the R&S FSH saves the current trace ("memory
trace") and will subtract this trace from the live traces resulting from future sweeps.

For more information on general trace mathematics supported by the R&S FSH see
"Using Trace Mathematics" on page 120.

Note that "Diff Mode" is only available in the spectrum overview result display of the
interference analyzer.
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6.2 Working with Maps

6.2.1

Options R&S FSH-K15 and -K16 allow you to work with maps, for example view and
save the position of measurements. With option R&S FSH-K15 you are also able to
determine the source of interference (through triangulation). The options also provide
several other tools that make it easier to locate interference.

To make full use of the functions available in map mode, you will need a GPS receiver
and an antenna (for example R&S HL300, which already contains a GPS receiver).

Option R&S FSH-K17 ("Indoor Maps") allows you to work with small scale maps (for
example floor plan). This option provides functionality to measure the signal strength
indoors using an antenna (for example R&S HL300).

Transferring Maps (R&S FSH-K15 and -K16)

Before you can use any features based on maps, you have to download and install the
maps on the R&S FSH. The R&S FSH supports the map material supplied by the
Open Street Maps project (http://www.openstreetmaps.orq)

The easiest way for you to transfer the maps to the R&S FSH is to use the R&S Open
Street Map Wizard (OSM Wizard). The OSM Wizard is available for download on the
R&S FSH product homepage (http://www.rohde-schwarz.com/product/fsh.html).

The OSM wizard establishes a connection to the Open Street Maps database and thus
needs a connection to the internet. The tool allows you to select the area that you need
for your measurements and download the corresponding maps.

For more information on how to download and save maps refer to the documentation
of the OSM Wizard. The documentation is part of the software.
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6.2.2 Transferring Indoor Maps (R&S FSH-K17)

Before you can use the features of the indoor mapping application, you have to create
an indoor map (for example a floor plan). These maps are created with features
available in the R&S InstrumentView software package, and are based on an image of
the area you would like to measure. The image source can be one of the common file
formats (for example jpg, png or tif).

» Start the R&S InstrumentView software.
» Select "Preparation” > "Maps".
The R&S FSH opens the indoor map editor.
» Select "Open Image" and an image file of the area you want to measure.

If you have an image, but need only a small part of it, you have to edit it with an
image manipulation program before loading it into the R&S InstrumentView
software.

Zooming in and out of the indoor map

You can zoom in and out of the indoor map using the mouse wheel.

» Select "Generate Map" and the folder to save the map data in.
The R&S FSH creates a map from the image you have uploaded.

When this is done, copy the folder containing the map data to an SD card and insert it
into the SD card slot of the R&S FSH (make sure that the folder is in the root directory
of the SD card, because otherwise the R&S FSH may not be able to find the map
data).

In addition to creating a map, you can also specify the exact geographic location of the
area you are measuring. To do so, you have to specify three GPS reference points of
the area. Enter the corresponding latitude and longitude data in the corresponding
fields available in the "Create Map" dialog box and move the three cross-hairs
displayed in the preview of the map to the corresponding locations.

When you are using this feature, the application provides some useful features:

e The map is automatically rotated in such a way that the north side faces up.

e The R&S FSH calculates and displays the distance between measurement points
(in meters or feet, depending on the regional settings).

e You are able to embed the collected data into maps with a larger scale. Thus you
are able to, for example, combine measurement data recorded with the
Geotagging application (outdoor map) and data recorded with the Indoor Maps
application in a single map. For more information about this see "Collecting
Measurement Data (R&S FSH-K17)" on page 176.
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6.2.3 Displaying Maps

After you have downloaded or created the maps you need, save them to an SD card,
which you can use with the R&S FSH.

> Enter the "Maps" or "Indoor Maps"  [Eiaam o Ao CompieoSas ]
5 4 GHz

mode. Power:
» Press the MEAS key.
> Press the "Map" softkey.

The R&S FSH opens a menu that
contains all maps that you have
stored on the SD card (the names X
correspond to the folder names for » T : iy ¢ suno Select
every area you have saved). : AN

Somewhere

_

" Meas ~ GPS

» Select the maps of the area you 51 e i s i
need.

In the R&S FSH-K15 or -K16, the "Auto Select" menu item automatically selects
the map that is most fitting for your current location. Using the automatic selection
requires an GPS receiver.

In the R&S FSH-K17, the "Auto Select" menu item is only available if the R&S FSH
could not find any indoor maps.

Screen layout of the map display

The screen layout in "Maps" mode is variable. You can customize the screen contents
and add only information that you need.

» Press the "Settings" softkey.

The R&S FSH opens a menu that contains functions to configure the map display.
If no screen element has been selected, the R&S FSH shows the map only. The
following list contains all settings that define the screen contents.

@ 100.0 dBm RBW: 3MH: SWT: 100 ms

tt: 0d8 Preamp: Off Detect: RMS

QPS N 48° 7°39.472" E 11° 38" 38,438 Ak.573.3m Comp. 305° Sats: 12
Freq: 1.84 GHz

AT P PR ——
6 Mode Position Zoom In
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Current type of result display
Connected device: green color = GPS connection established, red color GPS connection not established
Hardware settings
GPS information, incl compass information, GPS connection quality and triangulation results (not in
&S FSH-K17)
Power results (incl. the distance between measurement locations in the R&S FSH-K17)
Map area, including tags representing the measurement locations
Power bar including noise squelch level
Geotagging / Indoor Map softkey menu

O~NOOUgAWN R

Adding and removing elements

The result display is made up out of several elements that you can add or remove as
you like.

» Press the MEAS key.
» Press the "Settings" softkey.
» Select the element you want to add or remove.
- GPS receiver and antenna support
» Turn on with "Antenna", "Compass" or "GPS" menu item.
Supported by R&S FSH-K15 and -K16.
- Hardware settings
» Turn on with "Show Hardware Settings" menu item.
If on, the display contains the hardware settings.
- GPS and compass information

» Turn on with "Show GPS Information” or "Show Compass Information"
menu item.

If on, the display contains the GPS and compass information. The compass
information is available with the R&S HL300 antenna.

Supported by R&S FSH-K15 and -K16.
- Power results
» Turn on with "Show Power Results" menu item.
If on, the display contains the power results.
- Power bar
» Turn on with "Show Power Bar" menu item.
If on, the display contains the power bar.

In addition to the currently measured signal level, the power bar also shows
the squelch level for noise signals (vertical yellow line).
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6.2.3.1 Zooming in and out of the Map

If you have downloaded different zoom levels of your maps, or if you have created a
large (or very small) indoor map, you can change the scale of the map to get a more
detailed view or a more general overview.

Note that the original size of indoor maps depends on the size of the image these
maps are based on.

» Press the "Zoom In" softkey to decrease the scale of the map.

» Press the "Zoom Out" softkey to increase the scale of the map.

6.2.3.2 Aligning the Map (R&S FSH-K15 and -K16)

The R&S FSH provides several tools to align the map. This is useful if you want your
current location to be in the center of the display or if you have moved out of the visible
map area.

Manual alignment
» Use the cursor keys to move the map in a particular direction.

You can move the maps until you reach the borders of the downloaded content.
Note that the borders of the maps might be different for different scales.

Automatic alignment
For most automatic map alignment functions, you have to establish a GPS connection.
» Press the "GPS Position" softkey.

The R&S FSH opens a menu that contains various functions to control and work
with GPS data.

In this menu, you can select from the following automatic alignment functions.
e "Go To Current Position"

Moves your current position to the center of the display once.
e "[] Trace Current Position"

Keeps your current position in the center of the display, even if you move.
e "Go To Triangulation Position"

Moves the location of the triangulation result to the center of the display.

6.2.3.3 Aligning the Map (R&S FSH-K17)
The R&S FSH automatically aligns the map when you move the cross-hairs displayed
in the map. The cross-hairs represent your current position on the map.

Moving the cross-hairs is necessary to define another measurement location. This is
only possible by manually changing the position of the cross-hairs.
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Using the cursor keys
» Use the cursor keys to move your position in a particular direction.

You can move the cross-hairs representing your position until you reach the
borders of the indoor map.

When you are using the cursor keys to move the cross-hairs, you can also specify the
distance (pixels) the cross-hairs move on a single press of the cursor key.

> Press the "Settings" softkey.
> Select the "Cursor Sensitivity" menu item.
» Enter a number between 1 and 64 in the input field.

The number you enter corresponds to the number of pixels each movement of the
cross-hairs covers (for example "1" moves the cross-hairs one pixel in the selected
direction).

Using the rotary knob

Alternatively, you can move the cross-hairs with the rotary knob. However, if you are
using the rotary knob, you can only move the cross-hairs either sideways or vertically.

You have to select the direction of the rotary knob with the cursor keys. The cross-
hairs indicate the currently selected direction by little arrows.

. *G}:Using the rotary knob moves the cross-hairs to the left or right.

° {E}: Using the rotary knob moves the cross-hairs up or down.

The best way to use this functionality is to use the cursor keys for big steps and then
use the rotary knob for fine tuning of the cross-hair position.

6.2.3.4 Selecting Colors for Geotags and Measurement Locations
For more information on geotags (R&S FSH-K15 and -K16) in general see "Collecting
Geographic Data" on page 172.
For more information on measurement locations (R&S FSH-K17) in general see
"Collecting Measurement Data (R&S FSH-K17)" on page 176.
Default behavior of geotags (R&S FSH-K15 and -K16)

By default, all geotags (including all the labels associated with that geotag) have the
same color (black). Depending on the type of geotag, you can assign different colors to
the geotags.

Note that changing the color of a geotag in the interference analyzer (R&S FSH-K15)
also changes the color of the azimuth line.
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6.2.4 Measuring Interference

Interference measurements usually require an antenna to locate the source of those
interferers. The R&S FSH supports several antenna models.

R&S HL300
Connected to the R&S FSH at the AUX port and the RF input.
R&S HE300

Connected to the R&S FSH at the power sensor jack and the RF input.
R&S HE400 / R&S HE400MW / R&S HE400BC

Connected to the R&S FSH at the power sensor jack and the RF input.

You can control the antenna functionality in several ways in the general setup of the
R&S FSH. For more information see the quick start guide of the R&S FSH.

6.2.4.1 Selecting an Antenna Model

For easy access, the R&S FSH allows you to select the antenna model directly in the
interference analyzer or geotagging application.

>
>

Press the "Settings" softkey.

Select the "Antenna" menu item.

The R&S FSH opens a submenu to select or disable the antenna.

Select the antenna type you are using or turn using the antenna off.

Disabled
Disables the use of an antenna.
HL300 Side

Selects the R&S HL300 antenna connected to the AUX port on the left side of
the R&S FSH.

HE300 Top

Selects the R&S HE300 antenna connected to the power sensor jack on the
top of the R&S FSH.

HE400 Top

Selects the R&S HE400 antenna connected to the power sensor jack on the
top of the R&S FSH.

The currently selected antenna model is displayed in the title bar. The color of the label
indicates the state of the satellite lock of the the GPS receiver of the antenna model.

For more information on the GPS receiver states see the quick start guide.
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6.2.4.2 Using an Audio Signal to Locate Interferers

You can configure the R&S FSH to play back an audio signal when it receives a signal.
The audio signal changes its volume and frequency, depending on the strength of the
received signal.

> Press the "Settings" softkey.
» Select the "Tone []" menu item.
The R&S FSH turns the audio signal on.

The R&S FSH allows you to define various aspects of this audio signal.

Defining a squelch level
The squelch level defines the signal level above which the audio signal starts to play.
The squelch level is variable.
» Press the "Settings" softkey.
» Select the "Squelch Level” menu item.
The R&S FSH opens an input field to define the squelch level.
» Enter a squelch level in dBm as required.
The R&S FSH displays the squelch level graphically in the power bar element of
the user interface.
Defining the threshold of the audio signal

The audio signal has a specific frequency that is coupled to a specific signal level, the
threshold. As the signal you are receiving during a measurement becomes stronger or
weaker, the audio signal changes its frequency:

e When the signal becomes stronger, the frequency of the audio signal gets higher
e When the signal becomes weaker, the frequency of the audio signal gets lower

You can define the threshold of the base tone as necessary.
» Press the "Settings" softkey.
» Select the "Tone Threshold" menu item.

The R&S FSH opens an input field to define the threshold.
» Enter a threshold level in dBm as required.

Note that it may be possible that the audio signal frequency becomes so high or low
that it is no longer audible.
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6.2.6 Collecting Measurement Data (R&S FSH-K17)

When you enter the "Indoor Mapping" application, the R&S FSH always shows the
signal strength you are currently receiving as a numeric value at the top of the display
or in the power bar at the right side of the display (if you have turned that feature on).

However, the main application of the "Maps" mode is to collect the signal strength of
various locations in enclosed areas, and save that data for later evaluation. This allows
you to analyze, for example, the coverage conditions within a building. Basically, the
method to collect this data is similar to that of collecting geotags in large scale map
mode.

When you perform a measurement at a particular spot on the map, the application
creates a tag (represented by a colored dot) and draws it on the map at your current
location. The color of the dot represents the signal strength received at that location
(see "Selecting Colors for Geotags and Measurement Locations" on page 166).

Creating tags

You can create a tag on any place of the map. To do so, you first have to move the
cross-hairs in the map display to the position you are currently at with the cursor keys
or the rotary knob. For more information see "Aligning the Map (R&S FSH-K17)" on
page 165.

Indoor Mapping 16:51 —®—

Whep the cross-hairs is at the right Power. @) dBm 100 MHz
location, proceed as follows to save EE:§ -

the measured data.

» Pressthe ENTER key.

The R&S FSH creates a tag at
your current position, represented
by a colored dot on the map.

(Alternatively, you can press the
"Indoor Position" softkey and create a
tag with the "Capture Position" menu
item.)

Zoom In Zoom Out Settings

In addition to the graphical representation of the tags, the R&S FSH also stores
additional (numerical) data of the measurement in the tag. You can view the additional
information in the "Indoor Position List".

Managing tags

The application features an "Indoor Position List" that allows you to manage and edit
tags and (to some degree) the information they conatin. The "Indoor Position List"
contains all tags that you have created.

» Press the "Indoor Position" softkey.
» Select the "Indoor Position List" menu item.

The R&S FSH opens a list of tags that you have saved. In this list, the R&S FSH
shows some basic information about the geotag.
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- Number: represents the number of the measurement (in consecutive order).

- Include: checkbox to include the tag on the map display

- Latitude, longitude and azimuth: GPS information of the location. This
information is only displayed if you have defined reference GPS points during
the creation of the map. Using this information, the application is able to
calculate the exact coordinates of the measurement locations.

- Name: name of the location (displayed only if you have defined a name in the
"Details" view; see below)

However, a tag consists of more information than the information displayed in the list.
» Select one of the tags available in the list.
» Press the "View" softkey.

The R&S FSH displays the complete information of the tag.

In addition to the signal information, the details of the tag also contain information
about the measurement. This information includes, for example, the frequency,
measured level or time of the measurement.

The R&S FSH allows you to change the name and description anytime you want. All
other tag information is unchangeable after it has been saved.

» In the tag information overview, press the "Edit" softkey.
The R&S FSH opens input fields to change the name and description of the
location.

Displaying tags

A tag is represented by a dot on the map. You can add or remove tags as you like.

» Press the "Indoor Position" softkey.

» Select the "Indoor Position List" menu item.

> Select the tag you want to remove and press the "Include" softkey.

The R&S FSH unchecks the checkbox in the "Include” column of the list and
removes it from the map (the information of the tag, however, remains).

> Select the tag you want to display instead and press the "Include" softkey.

The R&S FSH adds the tag to the map display.

Saving measurement data

When you are done with the measurement, you can save the measurement data in a
.gpx file for later evaluation in the R&S InstrumentView software or other applications
like Google Earth.

» Press the MEAS key.
» Press the "Indoor Position" softkey.
» Select the "Save Results" menu item.

The R&S FSH stores the measurement data in a gpx file (it does not matter if you
have specified any GPS data in your map).
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Restoring measurement data previously recorded

In the same way, you can also restore a gpx file that you have saved previously.
» Press the MEAS key.

» Press the "Indoor Position" softkey.

» Select the "Select GPX File" menu item.

The R&S FSH restores the measurement data saved in the selected gpx file. You
can then add or remove tags as required.

If you have specified GPS reference points for the indoor map, you can also load the
measurement data into a different map (for example a larger scale floor plan of a
building or embed the indoor data into an outdoor map).

To do so, load a different map via the "Map" softkey, and load the corresponding gpx
data. If the map and the gpx data are not compatible, the R&S FSH will not display the
measurement data stored in the gpx file.

Note that you have to load the map first, before restoring the gpx file.

If the gpx data is not compatible with the currently displayed map, or does not contain
any GPS information, the R&S FSH shows a corresponding message.
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6.2.7 Analyzing Geographic Data (R&S FSH-K15 and -K16)

The R&S InstrumentView software package provides an interface that allows you to
export and review your recorded data with Google Earth. This interface transforms .gpx
files into .kmz files (required by Google Earth). It also contains a plug-in that illustrates
the signal levels measured at the GPS coordinates that you have added to the .gpx
file.

» Start the R&S InstrumentView software.
» Select "Tools" — "Geotag Mapping".
The software opens a dialog box to select a .gpx file.
» Select (or remove) one or more .gpx files with the "Add" ( or "Remove") button.

In the pane on the right, the software shows a list of individual GPS coordinates.
You can include or exclude individual locations by adding or removing the
checkmark in the "Enabled" column.

» Press the "Save as KMZ" button.
» Define a name and location where you want to save the file to.

When you press "Save", the R&S InstrumentView saves the file and at the same
time opens Google Earth to show the data.

Each GPS coordinate is represented by a colored dot. The color of the dot represents
the signal level that has been measured at the corresponding coordinate. The color
map is displayed in the Google Earth window.

You can change the color map in R&S InstrumentView.
» Select "Tools" — "Geotag Mapping".
» Press the "Settings" button.

» In the "Color Settings" pane, select a color and assign a signal level to the color.
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6.2.8 Analyzing Indoor Data (R&S FSH-K17)

The R&S InstrumentView software package provides an interface that allows you to
export and review your recorded data with external tools. This interface transforms the
measurement data into an image or a csv file.

» Start the R&S InstrumentView software

> Select "Map Analysis" to open the analysis tool.

> Select "Load Map" to load a map.

» Select "Load GPX" to restore the corresponding GPX data.

When both the map and the GPX file have been loaded successfully (and
compatible to each other), the software displays the map, including the signal
strength tags that you have collected.

In addition, the software shows a pane that contains the measurement data as
numeric values (including the coordinates of the tags, measured level and a time
stamp). You can also add a numeric label to the tags that represents the order of
the measurements, and the measured level for each tag ("Show Indices on Map"
and "Show Levels on Map").

You can also change the colors of the signal levels.
» Select "Color Settings" and change the values and colors as you like.
» Inthe "Color Settings" pane, change the values and colors as you like.

Finally, you can export the measurement data as an image, which may contain a color
map ("Export Image with Legend"), or as a numeric list in the csv file format.

> Select the "Export Image" button, select the file type you prefer and the location
you want save the image in.

» Select the "Export CSV" button and the location you want to save the file in.

Importing data into Google Earth

When you add GPS reference information to the indoor map, it is also possible to
export the data collected indoors as a .kmz file and import it into Google Earth. For
more information see "Analyzing Geographic Data (R&S FSH-K15 and -K16)" on page
179.
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7.2.3 Configuring the Amplitude Characteristics

The amplitude menu contains all settings related to the level display.

7.2.3.1 Adjusting the Scale of the Diagram
The R&S FSH provides several options to improve the vertical scaling of the
measurement diagram.

The unit of the level axis is dB.

Setting the reference value

The reference value defines the amplitude of the reference line. The unit of the
reference is dB.

The R&S FSH indicates the position of the reference value with a yellow triangle at the

vertical axis (JHi].

When you change the reference value, the R&S FSH adjusts the labels of the vertical
axis. Changing the reference value changes the vertical position of the trace. It does
not change the position of the reference line.

» Press the AMPT key.
» Press the "Ref" softkey.
» Enter the reference value you want or move the reference with the rotary knob.

The R&S FSH sets up the display accordingly.

Defining the display range

The display range defines the scale of the vertical axis and therefore the amplitude
between two horizontal grid lines.

The unit depends on the measurement format.

When you change the display range, you can increase or decrease the amplitude the
R&S FSH displays and, e.g. include signal parts that are outside the displayed screen
area. The position of the reference value and the trace do not change.

» Press the AMPT key.
» Press the "Range" softkey.

» Select one of the menu items to select the display range you want.
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Adjusting the vertical axis automatically

The R&S FSH provides an automatic scaling routine that scales the vertical axis in a
way that the results fit ideally on the display. The R&S FSH does this by determining
the minimum and maximum trace values and scaling the vertical axis according to
these values.

» Press the AMPT key.
» Press the "Range" softkey.
» Select the "Auto Scale" menu item.

The R&S FSH performs automatic adjustment of the vertical axis.

Setting the reference position

The reference position defines the position of the reference line in the diagram. The
reference position is a linear value between 0 and 10. Each value represents one
horizontal grid line of the diagram. O corresponds to the top grid line and 10
corresponds to the bottom grid line.

When you change the reference position, the R&S FSH also shifts the position of the
trace by the magnitude of the reference position change. It has no effect on the
reference value itself.

» Press the AMPT key.
» Press the "Ref Pos" softkey.
» Enter the reference position you want.

The R&S FSH moves the trace accordingly.

7.2.3.2 Setting the Attenuation

The R&S FSH provides functions to attenuate the signal at the RF input.

» Press the "RF Att/Amp/imp" softkey.

» Select the "Manual:" menu item or one of the automated attenuation modes.
» Enter the attenuation of the signal at the RF input.

You can set an RF attenuation in the range from 0 dB to 40 dB in 5 dB steps.
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7.2.4 Configuring the Tracking Generator
If your R&S FSH features a tracking generator, you can define several characteristics
of the generated signal.
» Press the AMPT key.
» Press the "TG Settings" softkey.

You can define the level of the generated signal as an absolute level or an
attenuation (value relative to O dBm).

» Select the “TG Power” menu item to define an absolute level.
» Select the “TG Attenuation” menu item to define a relative level.
An input of 10 dB, for example, corresponds to an attenuation of -10 dBm.

In addition, you can define an arithmetic level offset, for example to take external
attenuators into account.

» Press the "TG Settings" softkey.
» Select the “TG Power Offset” menu item to define a level offset.

Note the the level offset has no effect on the actual signal level.

Tracking generator output level

Using an output level of 0 dBm (or a receiver attenuation of 0 dB) for S12 or S21
measurements can cause an overload at the RF input. It is therefore recommended to
use an output level of -10 dBm (default) or lower for these measurements.

This especially applies to measurements on amplifiers.
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7.3 Analyzing Measurement Results

7.3.1

7.3.2

7.3.3

Working with Traces

For more information see "Working with Traces" on page 116.

Using Markers

For more information see "Using Markers" on page 121.

When measuring the distance-to-fault, the horizontal unit is meter or feet. For all other
measurements the horizontal axis is the frequency axis. The unit of the vertical axis is
dB for distance-to-fault and cable loss measurements and dBm for all others.

Sorting markers

A special marker function available for distance-to-fault measurements is that you can
sort them in ascending order.

» Press the MKR— key.
» Press the "Sort Markers" softkey.

The R&S FSH sorts the markers in ascending order with marker 1 being positioned on
the lowest distance. The marker values remain the same.

Using Display and Limit Lines

The display and limit line functionality in DTF mode is the same as that of the spectrum
analyzer mode.

For more information on using the display line see "Using Display Lines" on page 130.

For more information on using limit lines see "Using Limit Lines" on page 131.
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8 Network Analyzer Mode

The network analyzer mode provides the functionality to characterize networks with
one or two ports.

To enable the features of the network analyzer mode, you need at least an R&S FSH
with tracking generator or one that also has an internal VSWR bridge.

Scalar measurements

In its basic configuration, an R&S FSH with tracking generator can only perform scalar
measurements and determine the reflection or reverse transmission characteristics of
the device under test (DUT). However, scalar measurements determine the magnitude
of the transmitted or reflected power only.

Measurements yield the best results when you calibrate the R&S FSH to the test
setup. Although the accuracy of measurements is high in the default factory calibration,
the R&S FSH also provides all necessary calibration methods to correct the magnitude
for these kinds of measurements and make results even more accurate.

If the R&S FSH also has an internal VSWR bridge, the R&S FSH can also determine
the reflection on either port or the forward transmission characteristics. The VSWR
bridge enables the R&S FSH to switch the tracking generator to each of the
measurement ports (ports 1 and 2) and can therefore send signals from port 2 to port 1
and vice versa.

Vector measurements

To increase the dynamic range and measurement accuracy, you can equip the

R&S FSH with firmware option R&S FSH-K42 (order no. 1304.5629.02). This enables
vector measurements for the network analyzer operating mode. Note that vector
measurements are only possible with models that feature tracking generator and
VSWR bridge.

In addition to be able to determine the magnitude and phase characteristics of a DUT,
the option also features additional calibration methods and measurement functionality
and formats (e.g. group delay or phase).

» Press the MODE key.
» Press the "Network Analyzer" softkey.

The R&S FSH turns on the tracking generator. Frequency and level settings are
inherited from the previous operating mode.
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Screen layout of the network analyzer
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8.1 Configuring the Tracking Generator

The tracking generator provides the stimulus signal for the network analyzer
measurement. For measurements in the frequency domain, the output frequency
depends on the current measurement frequency. For measurements in the time
domain (zero span), you can define a specific output frequency.

Defining the level of the stimulus signal

You can define the level of the stimulus signal in two different ways.

e As an absolute level in terms of dBm.
e As an attenuation relative to 0 dBm.

Example: Defining an attenuation of O dB corresponds to an output level of 0 dBm.
An attenuation of 40 dB corresponds to an output level of -40 dBm.

Press the AMPT key.
Press the “TG Settings” softkey.

Select the “TG Power” menu item to define the output level as an absolute value.

vV vy VvVvyy

Select the “TG Attenuation” menu item to define the output level as a relative
value.

Note that the actual output level you measure can deviate from the value you enter and
may not be linear over the frequency range of the measurement. The level can also
vary depending on which port you use as the driving port - the signal generated on port
1 can differ from that on port 2 because of the system architecture. We recommend to
use port 2 in case an absolute source is required. Therefore a S22 or S12
measurement should be selected.

We also recommend to always normalize or calibrate a measurement to compensate
for any level variations caused by the tracking generator. For more information about
calibration, see "Calibrating Measurements" on page 204.

Tracking generator output level

Using a tracking generator attenuation of O dB for S12 or S21 measurements can
cause an overload at the RF input. It is therefore recommended to use an output level
of -10 dBm (default) or lower for these measurements.

This especially applies to measurements on amplifiers.

In addition to the level, you can also define a level offset, for example to take external
attenuators into account. Note that this is a purely mathematical value that does not
change the actual output level.

» Press the AMPT key.
» Press the “TG Settings” softkey.
» Select the “TG Power Offset” menu item and define the required offset.

The displayed values are adjusted by the offset.
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Defining the frequency of the generated signal (zero span only)

In case of frequency domain measurements (span > 0), the R&S FSH automatically
adjusts the tracking generator frequency to the current measurement frequency.

In the time domain (zero span mode), you can define a specific frequency of the signal
that is output by the tracking generator.

» Press the AMPT key.

> Press the “TG Settings” softkey.

> Select the “Use TG as CW source” menu item.
The R&S FSH changes into zero span mode.

This is not possible when you are using the High Accuracy calibration method (see
“Calibration Methods” on page 206.

» Press the “TG Settings” softkey.

» Select the “Source Frequency” menu item and define the required signal
frequency.

The R&S FSH generates a signal with the corresponding frequency. The
measurement frequency is adjusted accordingly.

Note that when you deselect the “Use TG as CW Source” menu item, the R&S FSH
restores the previously selected span. If the span is changed to a value greater than
0 Hz while “Use TG as CW Source” is active, this feature is automatically deselected.

Turning the tracking generator on and off (zero span only)

When you are using the tracking generator in zero span mode, you can turn it on and
off as required.

» Press the AMPT key.
» Press the “TG Settings” softkey.
» Select the Source On/Off” menu item.

When it is on, the tracking generator provides a signal with the characteristics that
you have defined. When it is off, no signal is generated.

Note that previously recorded calibration data is not lost when you turn the tracking
generator off. It is restored when you turn the tracking genartor back on.
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8.2 Calibrating Measurements

In its default state, the R&S FSH uses factory calibration. Factory calibration is a full 2-
port calibration over the current frequency range (i.e. span) of the R&S FSH. When
factory calibration is active, the status line reads [El] In many cases, this calibration
already provides accurate results.

To get the best and most accurate results, however, you have to calibrate the
measurement itself manually, because factory calibration does not take the actual test
setup into account (e.g. cables). The R&S FSH provides several calibration methods.
You will need one of the available calibration standards R&S FSH-Z28, -Z29 (order no.
1300.7804.03 and 1300.7504.03) or R&S ZV-Z121 (order no. 1164.0496.02/.03).

Alternatively, you can create customized calibration kits with the functionality of the
R&S InstrumentView software package and transfer those to the R&S FSH.

Before you calibrate the R&S FSH for the current measurement, you should set the
frequency parameters, reference level and attenuation levels. If you change one of
these parameters after a successful calibration, it may become invalid.

To successfully calibrate the test setup, you have to connect the calibration standard at
the reference plane, usually the output of the RF measurement cable.

During calibration, the R&S FSH removes systematic errors from the measurement.
This process is based on correction data it gets while performing the calibration.

The correction data for transmission measurements is based on the results of
comparing the transmission characteristics of the test setup to the frequency response
of the tracking generator. The correction data for reflection measurements is based on
the results of a reflection measurement at a short and an open on the bridge.

Calibration remains valid after turning off the R&S FSH or changing into another
operating mode as calibration data is saved in the internal memory of the R&S FSH. If
you save the measurement in a dataset, calibration data is part of that dataset. When
you restore the dataset and perform the same measurement again, you do not have to
recalibrate the R&S FSH.

8.2.1.1 Calibration States

The R&S FSH features several calibration states. It displays the current state in the
status line. The possible states depend on the calibration type (see below).

o (fcal)

The R&S FSH uses factory calibration. Factory calibration is restored after a preset
or self alignment. The R&S FSH also uses factory calibration if you change a
frequency parameter (span, start, stop or center frequency) to a value outside the
calibrated frequency range or if you measure another s-parameter than the one the
R&S FSH is calibrated for.

The calibration data for the factory calibration is already in the memory of the
R&S FSH when it is delivered. The factory calibration is a full two-port calibration.
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You can restore the factory calibration manually any time.

- Press the "Calibration" softkey.
- Select the "User Calibration Off" menu item.

(fcal?)

The R&S FSH uses factory calibration. However, the calibration is not accurate
because the power of the tracking generator and the attenuation at the RF input
are not in line with the default settings. In that case you should repeat calibration.

(cal)

The R&S FSH uses user calibration. To get that state you have to perform either a
full 1-port or a full 2-port calibration.

(cal?)

The R&S FSH uses user calibration. However, the calibration is not accurate
because the TG power and receiver attenuation are not in line with the settings at
the time it has been calibrated. In that case you should repeat calibration.

(norm) (network analysis only)

The R&S FSH uses normalization. To get that state you have to normalize the
transmission.

(norm?) (network analysis only)

The R&S FSH uses normalization. However, the normalization is not accurate
because the TG power and receiver attenuation are not in line with the settings at
the time it has been calibrated. In that case you should repeat calibration.

(interp) (network analysis only)

The R&S FSH interpolates the correction data between the reference points of the
calibration. Interpolation is used when you change one of the frequency
parameters (start, stop or center frequency). In that case the distribution of the
measurement points is different to the distribution during calibration. This could
result in an increasing measurement uncertainty.

When calibration has become invalid for any reason or the calibration data has
changed, you can restore the most recent calibration that was valid.

>
>

Press the "Calibration" softkey.
Select the "Restore Calibration Settings" menu item.

The R&S FSH restores the calibration data and the frequency settings that were
active.
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8.2.1.2 Calibration Methods

The available calibration methods depend on whether you perform scalar or vector
measurements. In addition, calibration for reflection measurements is available only for
models with an VSWR bridge.

2-port calibrations or calibrations that require a "Through" connection are unavailable if
you are calibrating with the R&S ZN-7103 calibration unit.

Scalar measurements
Scalar measurements provide normalization of transmission and reflection only.

Normalization is a simple but effective way to calibrate the measurement using one
calibration standard only. The correction data is deducted from this measurement. As
only one calibration standard is used, the accuracy is lower than that of a full
calibration available for vector measurements.

Vector measurements

Vector measurements provide several calibration methods that correct the magnitude
and the phase.

e Full 2-Port

Both test ports are calibrated for both reflection and transmission measurements
on either port or direction. The calibration routine therefore requires the connection
of the standards load, open and short to both test ports, and a through connection
of the test ports. The influences of the test setup and of the isolation between the
test ports are thereby determined and taken into account in the subsequent
measurement of the device under test.

While this method is the most time-consuming during calibration, it does provide
the greatest accuracy for all measurements at both test ports without recalibration
and is thus the most flexible.

e Full 2-Port High Accuracy

Both test ports are calibrated like the full 2-port calibration. In addition, the load
match is taken into account more accurately and correction data is applied in both
directions, forward and reverse.

This method provides even more accurate results than the normal full 2-port
calibration but takes a while longer to finish.

e Reflection Port 1/2

Test port 1 or 2 is calibrated for reflection measurements on that port (S11 or S22).
The calibration routine requires the calibration standards open, short and load to
be connected one after another.
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e Transmission Fwd (Port 1»2) and Transmission Rev (Port 2»1)

Test port 1 or 2 is calibrated for transmission measurements (S12 or S21). For
measurements in forward direction, this method calibrates port 1, in case of
measurements in the reverse direction, it calibrates port 2.

The calibration requires a through connection and the calibration standards open
and short.

e Normalize...

Normalization is a simple way to calibrate the measurement using one calibration
standard only. The correction data is deducted from this measurement. As only
one calibration standard is used, the isolation between the test ports is ignored. A
possible cross-talk between the test ports is therefore not eliminated and the
accuracy is lower than that of a full calibration.

Each calibration method is suitable for certain kinds of measurement tasks.

e For high isolation meaurements, use the normalization and isolation calibration
methods.

e For filter measurements requiring high standards (for example S11 in passband
better than -20 dB), use the full 2-port high accuracy calibration.

e For full s-parameter measurements on attenuators or amplifiers, use the full 2-port
calibration.

8.2.1.3 Performing Calibration

The procedure below shows a full 2-port calibration routine. All other calibration
methods basically work the same way, except for the type and number of calibration
standards you are going to need.

» Disconnect the DUT from the RF cable.

After disconnecting the DUT, the R&S FSH is ready for calibration.
» Press the MEAS key.

» Press the "Calibration" softkey.

» Select the "Full 2-Port" menu item.

The R&S FSH asks you to confirm Selected Calibration Kit
the Currently selected calibration The following calibration kit is selected for this calibration:
klt FSH-228

Press "Continue" to start the calibration.

If you are using another calibration kit, cancel the process and select the right one.
For more information see "Selecting a calibration kit" on page 208.

> Else, press the "Continue" softkey.

The R&S FSH asks you to connect Calibrate OPEN
an "Open" fIrSt to port 1, then to For calibration, please connect an "OPEN" to Port 1.
port 2.

Press "Continue" to start the calibration.
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» Firmly connect the "Open" of the calibration standard to the ports.

» You can abort the calibration any time by pressing the "Cancel" softkey.

» Press the "Continue" softkey to Calibrate OPEN
start calibration. Calibrating "OPEN",
The R&S FSH calibrates the open. Please wait ..

» Disconnect the "Open".

Next, the R&S FSH asks you to Calibrate SHORT
ConneCt a "Short" firSt tO port l, For calibration, please connect a "SHORT" to Port 1.
then to port 2.

Press "Continue" to start the calibration.
» Firmly connect the "Short" of the calibration standard to the ports.
» Press the "Continue" softkey to start calibration.

The R&S FSH calibrates the "Short".

» Disconnect the "Short".

Next, the R&SFSH asks you to Calibrate LOAD
connect a "Load" (50 (@) termination) For calibration, please connect a "LOAD" to Port 1.
first to port 1, then to port 2.

Press "Continue" to start the calibration.
» Firmly connect the "Load" of the calibration standard to port 1.
» Press the "Continue" softkey to start calibration.
The R&S FSH calibrates the "Load".

» Disconnect the "Load".

Next, the R&S FSH asks you to set up Calibrate THROUGH
a "Through" connection from por’t 1 to For calibration, please replace the "DUT" by a "THROUGH" connection.
port 2.

Press "Continue" ta start the calibration.
» Firmly connect the "Through" connection to port 1 and port 2.
» Press the "Continue" softkey to start calibration.

The R&S FSH calibrates the "Through" connection.

After finishing the calibration routine, the R&S FSH shows that calibration is
finished for a short time (Ealibration denel). The status line now says (Cal) to indicate
successful calibration.

Selecting a calibration kit

To avoid phase errors, you have to define the characteristics of the calibration kit you'd
like to use and then select the calibration kit in use. The R&S FSH then corrects the
measurement results accordingly.

You can either use one of the calibration kits specifically designed for use with the
R&S FSH, e.g. the R&S FSH-Z28 and -Z29 calibration kits. Those provide an "Open",
"Short" and "Load" calibration standard in one piece. The characteristics of these
calibration kits are already part of the R&S FSH firmware.
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You can create and edit calibration kits with the R&S InstrumentView software and
transfer them to the R&S FSH via the USB or the LAN interface. The number of
standards the R&S FSH can store in its memory depends on the number of other data
sets stored on the R&S FSH.

For more information see "Managing Datasets" on page 31.
» Press the MEAS key.

» Press the "Calibration" softkey.

» Select the "Select Calkit [ ]" menu item.

The R&S FSH opens a dialog box to select the calibration kit. The list of supported
calibration kits covers those supported by the R&S FSH and those that you have
customized.

> Select the calibration kit you are using.
The R&S FSH uses the characteristics specified for the calibration kit.

It also shows the calibration kit currently in use next to the "Select Calkit [ ]* menu
item.

You can also use calibration kits other than the R&S FSH-Z28 or -Z29 in combination
with their characteristics. However, make sure that the electrical length of the
calibration kit in use is similar to that of the R&S FSH-Z28 or -Z29. The electrical length
of the "Open" and "Short" of the R&S FSH calibration kits is 5.27 mm. If the electrical
length is different, it may cause additional phase error.

Some measurement setups may include additional cables or adapters that may have
an additional electrical length. To correct their phase error, you can include the
electrical length of additional test equipment. The R&S FSH distinguishes if the
equipment is connected to port 1 or port 2.

» Press the MEAS key.
» Press the "Calibration" softkey.
> Select the "Offset Length Port 1" or "Offset Length Port 2" menu item.
The R&S FSH opens an input field to define the electrical length of the accessory.
» Enter the electrical length.

The R&S FSH now includes the electrical length of the accessory for phase
measurements.
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8.2.1.4 Performing calibration with the calibration unit R&S ZN-Z103

For measurements in the frequency range from 2 MHz to 4 GHz, you can use the
calibration unit R&S ZN-Z103 calibration unit (order no. 1321.1828.02) to calibrate
1-port measurements.

Using this unit is more comfortable, because it combines all standards in one piece —
connecting different standards is no longer necessary.

» Connect the calibration unit to the RF input (port 1) and the USB interface on the
R&S FSH.

When the LED on the calibration unit turns green, it is ready to use. If the LED is
illuminated in a different color, try to reconnect the unit.

» Enter the SETUP menu and turn on "Auto Accessory Detection”.

Transm(P2P 1) Vector

» Wait a few seconds until the label Rt 00ds RBW: 10Kz swT Auo | Trace: Clear Wi

in the measurement information A 1068 TOAw 1008 Super: OF
bar turns green.

» Press the MEAS key.

» Press the "Calibration" softkey.

» Select the calibration method you want to use.

If the selected calibration method is not possible with R&S ZN-Z103, the R&S FSH
shows an error message (usually the case for calibration methods that require a
"Through" connection).

For more information about the calibration unit, refer to its user manual.
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10 Digital Modulation Analyzer

In digital modulation analyzer operating mode, the R&S FSH is able to demodulate
signals of several telecommunications technologies. Thus it can provide results for
modulation characteristics, channel characteristics or information about the signal
quality.

The digital modulation analyzer consists of several firmware options. Each option
covers a specific telecommunications standard with functionality especially designed
for that technology.

"Measurements on GSM Signals" on page 258
"Measurements on 3GPP FDD Signals" on page 266
"Measurements on CDMA2000 Signals" on page 281
"Measurements on 1xEV-DO Signals" on page 293
"Measurements on TD-SCDMA Signals" on page 299
"Measurements on LTE Signals" on page 315

Each option of the digital modulation analyzer comes with a result summary. This
result display summarizes the most relevant results that you will need for successful
base station tests. For some options there is also an extended version that features
additional functionality like graphic results.
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10.1 General Settings of the Digital Modulation Analyzer

10.1.1

Several settings and numerical results are available for all mobile radio standards
supported by the digital modulation analyzer.

e "General Settings in the Result Summary" on page 250
e "Trace Mode Selection" on page 253

General Settings in the Result Summary

The result summary includes some basic settings of the analyzer. The contents are
similar to those of the "Hardware Settings" in the spectrum analyzer. Most of these
settings are available for every application.

This chapter provides a reference for those general settings that are available for all
applications of the digital modulation analyzer.

® Center: 870 MHz Ref Level: -30.0 dBm Sweep: Continuous
Channel: 1023 Ref Offset: 0.0 dB
Band: cdma2k(800) Att: 0.0 dB
Preamp: off

GPS: Lat. 48° 7'38.514"N Long. 11° 36'43.296"E Alt. 584.8 m

Center
Shows the current center frequency of the R&S FSH.

For valid results, the center frequency of the R&S FSH and the signal have to be the
same.

» Press the FREQ key.
» Press the "Center Freq" softkey.

» Enter the frequency you need.

Channel
Shows the number of the channel currently selected. The number depends on the
selected band(class).
Band
Shows the name of the band class you have selected.
» Press the FREQ key.
» Press the "Freq Mode" softkey.
» Select the "Channel" menu item.
The R&S FSH opens a dialog box to select a LTE channel table or band class.
» Select the channel table you need with the "Select" softkey.

The R&S FSH now applies the channel table to the measurement.
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10.4.1 The Result Summary
The default result display is the result summary. The result summary shows various
measurement results and hardware settings in numerical form.
» Press the "Result Display” softkey.
» Select the "Result Summary" menu item.

The R&S FSH shows the numerical results in a table.

Availability of measurement results

Note that some results and support of HSDPA and HSPA+ channels are available only
with option R&S FSH-K44E.

For more information see the data sheet.

o ey oo

‘p’ Center: 21672 GHz @ Reflevel: -30.0 dBm Sweep: Cont

V" chansel: - Ref Ofiset: 0.0 d8 Antensa Div. None
Band: Att: * 0048 P-CPICH Slot 8
Transd: - Preamp: On Ch Search:  Om

Scr Code: Aute
RF Channcl Power: @ -56.00 dBm Active Chansels: 9
Carrier Freq Error: 2422 Hx Scr Code Found: ¥7/0
1-Q Offset: 025 % Peak CDE (15 ksps): ~2278 dB
Cain Imbalance: 078 % Avg RCOE (84 0AM): «e dB

Composite EVM: NN %
Channel Results

P-CPICH (15 ksps. 0) P-CCPCH (15 kapa. Code 1)

Power: -60.46 dBm Power (Abs): -6539 dBm
Ec/le: -4.45 dB Ec/le: -9.39 d8
Symbel EVM rms: 099 % Symbol EVM rms: 200 %

P-SCH Power {Abs): <6338 dBm $-SCH Power (Abs): <6370 d8m

sule "~ Display

Current type of result display
Currently selected standard
General settings

Channel results

Synchronization state

- green font: synchronization OK

- red font: synchronization failed
7 3GPP WCDMA softkey menu

1
2
3
4  Global results
5
6
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10.4.3.1 Header Table

The header table contains various settings already discussed in the sections above.
For more information see "General Settings of the Digital Modulation Analyzer" on
page 250 and "The Result Summary" on page 267.

10.4.3.2 Global Results
The global results include information about the complete signal.

Channel Power

Shows the power of the complete signal.

Active Channels

Shows the number of the currently measured channels.

10.4.3.3 Channel Table

The channel table is made up out of seven columns that show various information
about each channel. The number of rows depends on the number of channels that are
currently active. If a channel occupies more than one code, the results correspond to
all codes in the channel.

Channel Type

Type of code channel.

All code channels that the R&S FSH is able to recognize are shown with the correct
channel type and spreading factor.

Channels with the label CHAN are active code channels whose type could not be
detected. Codes that are inactive are not shown.

Chan#.SF

Code channel number including the spreading factor (in the form <Channel>.<SF>).

Symb. Rate (ksps)
Symbol rate that the code channel is transmitted with (7.5 ksps to 960 ksps).

T Offs (chips)

Shows the timing offset of the code channel in chips.

Pilot Bits

Shows the number of pilot bits the code channel contains.

Status

Status display of the code channel.
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10.8 Measurements on LTE Signals

Equipped with the software application R&S FSH-K50 and R&S FSH-K51, you can
perform measurements on downlink LTE FDD (R&S FSH-K50) and TDD (R&S FSH-
K51) signals in accordance to the 3GPP standard with your R&S FSH.

Bandwidth of LTE signals

Because of the bandwidth of LTE signals, measurements are possible only with
instruments that support a bandwidth of 20 MHz (serial numbers 105000 and higher).

Press the MODE key
Press the "Dig Mod Analyzer" softkey.

Select the "LTE-FDD BTS" menu item for FDD measurements.

vV v yYvyy

Select the "TD-LTE BTS" menu item for TDD measurements.
The R&S FSH starts the signal analysis.

To get highest measurement accuracy, it is necessary to synchronize the reference
frequency of the R&S FSH with the base station via the EXT REF IN input.
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11.1 Preparing an EMF Measurement

1111

Preparing an EMF measurement consists of two steps.

e Configure measurements
e Compile a measurement set out of one or more measurements

You can do both with the functionality that comes with the R&S InstrumentView
software package.

For a comprehensive description of the R&S InstrumentView software, refer to its user
manual available on the internet.

Configuring Measurements

A measurement in the context of the EMF application is the basis for the measurement
set you later use for the actual measurement in the field. The main identifier of a
measurement is the measurement mode. The measurement mode defines the
application that the R&S FSH uses for a measurement.

The EMF application provides several measurement modes.
e The quick scan, which is exclusive to the EMF measurement application.

A quick scan is a spectrum measurement over a certain span and resolution
bandwidth over a set of frequencies. Frequencies that violate a threshold line are
noted as result.. You can use the quick scan as a preliminary measurement to find
peaks that could indicate unwanted emissions, before running an actual EMF
measurement.

The configuration of the quick scan is the same as the spectrum measurement.
For a detailed analysis of the peaks, use one of the other measurements.

e The basic spectrum measurement from the spectrum analyzer, for details see
"Measuring Basic Signal Characteristics" on page 53

e The channel power measurement from the spectrum analyzer, for details see
"Measuring the Channel Power of Continuously Modulated Signals" on page 54

e The scrambling codes result display from the 3GPP FDD application, for details
see "Specifying the Scrambling Code" on page 277

e The BTS scanner result display from the LTE application, for details see "The BTS
Scanner" on page 324.

The measurement you define can in turn consist several sub-measurements. A sub-
measurement is always the same type as the measurement it belongs to, but on a
different frequency or a different base station.

When you configure a measurement, you have to define the basic measurement
settings as well as the characteristics of the equipment you are using for the
measurement. You can take the basic measurement settings like measurement
bandwidth or reference level from a dataset you have previously made. For more
information about datasets, see "Managing Datasets" on page 31.

Operating Manual 1173.6275.12 - 35









R&S FSH EMF Measurements (R&S FSH-K105)

Preparing an EMF Measurement

The analysis of a single base station counts as one sub-measurement. Therefore, the
number of sub-measurements for these two modes can increase to 100 (WCDMA) or
80 (LTE), depending on how many base station are found in your area.

(If there are more than 10 (WCDMA) or 8 (LTE) base stations, the R&S FSH only
measures the strongest ones.)

Transducer configuration

Depending on the antenna you are using for the measurement, you have to select a
transducer specified for that antenna.

» Select the "Equipment” tab.
» Select a transducer with the "Select” button in the "Antenna" pane.

The "Comment" field shows a description of the transducer when one has been
defined.

» Select the direction the transducer applies to.

In addition, you have to define the characteristics of the cable you are using to connect
the antenna to the R&S FSH. You can define the cable characteristics either as a
constant attenuation, or a transducer that contains frequency dependent attenuation
values.

For more information about measurements with transducers, see "Using Transducer
Factors" on page 135.

Configuration of other correction values
You can also define various other correction values, if the measurement requires them.

Note that you can also correct the results later when you analyze them in the
R&S InstrumentView software. For details see, "Evaluating Results" on page 358.

» Select the "Correction" tab.

» Define correction values, if necessary. Entering a "0" means no correction is
applied.

"Antenna Anisotropy": Takes directional inequalities of an isotropic antenna into
account.

- "Instrument Uncertainty": Takes an instrument uncertainty into account.

- "Extrapolation Factor" (LTE and WCDMA measurements only): Defines an
extrapolation factor that is added to the measured results. This factor is
defined for certain test scenarios and given in the corresponding standards.

- "Time Division Duplex" (LTE TDD measurements only).
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11.1.2 Compiling a Measurement Set

A measurement set is a sequence of single measurements. After you have created
one or more measurements (see "Configuring Measurements" on page 346), you can
combine them into a measurement set.

Note that in some cases, measurement sets created with an earlier firmware are not

compatible to the latest firmware version. Measurement might yield invalid results in
that case.

» Start the R&S InstrumentView software.

» Select the "EMF Sets" tool ("Preparation” » "EMF Sets").

Gsﬂeasurement Library (3) Overview ()Limits
C:\Applications A
Measurement Definition
Name Date Time
Measurement Set Name
CHP_796_1815.emcf 15.06.2018 1514
Measurement Set Description
LTE_FDD_800_1800_for manual.« 15.06.2018 1%:13
ONE.emcf 13.06.2018 15:53 Measurement Type
UMTS_2100_for_Manualemef  15.06.2018 12:13

>

CHP_796_1815 (®
+ add @ Ean A Up ¥ oown ([ Remove » Setup
» Equipment
@\easurementSet S

— » Corrections
7= Measur Cycle  Time[h Count Instruct NextStep

1 ONE Time 00:06:00 No Auto Instruction for Operator
2 CHP_796_ Time 00:06:00 No Auto
3 LTEFDD Time 00:06:00 No Auto

New Open Save

File manager

Measurement sequence table

Measurement set properties

Limit line selection

Properties of the selected single measurement

abh wWwNPE

» Add one or more measurements to the sequence in the file manager area.
» Rearrange the measurements if necessary with the "Up" or "Down" buttons.
» Configure the measurement details for each measurement in the sequence table.

- Cycle: Defines if the R&S FSH runs a sub-measurement for a certain time
period or a certain number of times.

- Time: Defines the measurement time of a sub-measurement in terms of a time
period. The R&S FSH repeats each individual sub-measurement for the
specified time period. When the time is up, the currently running sub-
measurement is finished before the next (sub-)measurement begins. The time
it takes to finish a single sub-measurement depends on the data acquisition
settings. Available for "Cycle" = "Time".
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The numerical result summary on measurement level in the EMF analysis tool is
basically the same as that displayed on the R&S FSH. However, it contains an
additional column, the peak value. The peak value is simply the highest value
measured over all sub-measurements. For a detailed description, see "Contents of the
Result Displays" on page 355.

Sub-measurement results
Measurement results are presented as a numerical result table and a diagram.

The diagram shows one bar for each sub-measurement that is part of the
measurement. Each bar represents the total field strength of the corresponding
measurement. Note that several bars might be superimposed, for example if several
base stations have been analyzed on the same frequency (LTE and WCDMA
measurements only). The black horizontal line indicates the field strength of the
selected sub-measurement.

The numerical result summary on sub-measurement level in the EMF analysis tool is
basically the same as that displayed on the R&S FSH. However, it contains an
additional column, the number of cycles. The number of cycles is simply the number of
data captures that have been done for the corresponding sub-measurement. For a
detailed description, see "Contents of the Result Displays" on page 355.

Overview

The "Overview" tab contains miscellaneous facts about the measurement. This
includes date and time information, limit check results, measurement configuration etc.

Correcting measurement results and checking them against limits

You can define correction values like antenna anisotropy, extrapolation or instrument
uncertainty during result evaluation. This can be useful, for example, if you have to
consider different scenarios.

When you do so, the correction values are applied to the uncorrected measurement
data. If you have already defined correction values for the individual measurements
during measurement preparation, these are overwritten.

For more information, see "Configuring Measurements" on page 346.

You can also check the results against different limit lines to consider different
scenarios.

Setup

The "Setup" tab contains tools for further analysis of the results. This includes different
evaluation methods, unit selection, limit checks etc.
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Export

The "Export" tab contains functionality to generate and layout a measurement report.
» Select the information to include in the report.

» Select the report format you would like.

» Create the report with the "Export" button.

Exporting measurement results

In addition to creating a measurement report, you can export the measurement data
and evaluate it with an external software, for example a spreadsheet.

» Select the "Copy" button.

The R&S InstrumentView copies all information shown in the evaluation tool
(results, configuration etc.) to the clipboard. The copied data has the csv format.

» Open a software of your choice.

» Paste the contents of the clipboard into the software and evaluate as you like.
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12 Menu and Softkey Overview

This chapter shows an overview of all instrument functions in the form of softkey and
menu overviews.

12.1 General Functions

General functions are those that are available for all operating modes.

12.1.1 General R&S FSH Setup

The SETUP key opens the setup menu that contains functionality to set up the
R&S FSH in general and functionality to set up the measurement.

e f Mgzae |

.

ﬂll'e ETQT‘ICQ

e

| Bxt |

Contents depend on |Hardware: Auto Accessory Detection| |Site Site Name
measurement and operating Detected Accessory User
i BMCH | Comments
. BNC2 [User Keys F1 - F6 F1 User Key Label
Antenna Antenna F1 User Key Dataset
Compass F2 User Key Label
Show Compass Info F2 User Key D ataset
Assign Antenna Switch F3 User Key Label
Magnetic Declination F3 User Key Dataset
Antenna Service Menu F4 User Key Label
GPS: GPS F4 User Key Dataset
Show GPS Information F5 User Key Label
Coordinate Format F5 User Key Dataset
GPS Receiver Connected F6 User Key Label
Paosition Fix F6 User Key D ataset
# of Tracked Satellites Preset Key: Preset Mode
Signal Quality Preset Dataset
LAN Port: MAC Address Working Directory: | Using Working Directory
DHCP Warking Directory
IP Address Save on Event: Save on Event
Subnet Mask Event Source
Gateway Time Interval
Date/Time: | Set Date Distance Interval
Set Time Limits Save Mode
' Time Zone ! Recording Storage
|Reg|0na| LATHERE Capture: Capture Screen
et Form_at Capture Dataset
Length Unit Capture GPX
I%D@Splayﬁacklight Default Filename
. DlSpIayCDIDrScheme Filename Counter Starts At
Audio: Key Click Volume Capture Screen Format
System Beeper Volume .
Srenan T Creaes Dataset: Default Datasgt Ngme
= Use Instr. Calibration Data
Power: Current Power Source
Battery Level |Sped.rum: I Sweep / FFT Mode
Battery Low Level
Battery Low Level Beep
|Self Alignment:| Self Alignment
Calibration Kit
Last Alignment Date
PIN Code: PIN Code Protection
Mew PIMN Code
Master PIN Code
Mew User Master PIN
Reset: Reset to Factory Settings
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12.1.2 File Management

The SAVE/RECALL key opens the file manager that contains functionality to manage
datasets and other files.

CD-| [ [ [ )
Frome] | ] [ o] e

[ Create Directory
Rename
Delete

o g foen | o]
RERIERIE SRS

Sort on Mame
Sort on Date/Time
Sort on Size
Show Combatible
Show all Files

e

12.1.3 Operating Mode Selection

The MODE key opens the mode menu that contains functionality to select the
operating mode of the R&S FSH.

3GPP WCDMA BTS Receiver Mode
CDMA2000 BTS Interference Analyzer
1xEV-DOBTS Maps

LTE FDD BTS

LTE FDD NB-laT

TDLTEBTS

TD-SCDMABTS

GSM/EDGEBTS
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12.2 Functions of the Spectrum Analyzer

This section contains all softkeys and menus that are available in spectrum analyzer
mode.

12.2.1 Measurement Selection

The MEAS key opens the measurement menu that contains functionality to select and
configure the measurement.

The spectrogram is available only if you have installed option R&S FSH-K14.

o e
v

Spectrum

Channel Power Squelch Level

Occupied BW Threshold Tone Frequency
TDMA Power Tone Gain

ACLR Tone Volume

Spectrum Emission Mask [1Tone

3GPP BTS Spurious Emission
Harmenic Distortion

AM Modulation Depth
Spectrogram

Spectrogram Playback
[1!sotropic Antenna

Iso Direction j

Channel Power

Power ju: ¥
| v v

dBm Clear/Write

dBmV Max Hold

dBpv [ 1 Channel Pwr/Hz

W

W

dBp\v/im

dBpA/m

Vim

wim* |

[EERIERIE S Ry

v

Sort on Name

Sort on Date/Time
Sort on Size

Show Combatible
Show all Files
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Occupied Bandwith

b dem s (o] o |

Sort on Name
Sort on Date/Time
Sort on Size
Show Combatible
Show all Files

TDMA Power

i — - —— -
.

Sort on Name
Sort on Date/Time
Sort on Size
Show Combatible
Show all Files

Spectrum Emission Mask

- - -

Sort on Name
Sort on Date/Time
Sort on Size
Show Combatible
Show all Files

Spurious Emission

e T T e
Emission

Harmonic Distortion

"’“""“'“—»% M W M M M
Distortion

AM Modulation Depth

O R e N e—
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Spectrogram

Display

Spectrogram Reference Level
Spectrogram Level Range
Spectrogram Auto Range
Spectrogram Color Table

[ 1Spectrogram Full Screen

[ ]Couple Spectrogram to Spectrum Default

Tane Green-Yellow
Squelch Level Green-Blue
Thre ShUth Tone Frequency Black-White
Tone Gain Red-Purple
Tone Volume Blue-Black
[1Tone

Recording

Laong Time Recording

Spectrogram Playback

Specuogram o\ [fE83. | Seectogan| | e | | See || Rl || sekdl |

Display

Spectrogram Reference Level
Spectrogram Level Range
Spectrogram Auto Range
Spectrogram Color Table
[]1Spectrogram Full Screen

[ 1Couple Spectrogram to Spectrum Default

Tone Green-Yellow
Squelch Level Green-Blue
Threshold Tone Frequency Black-White
Tone Gain Red-Purple
Tone Volume Blue-Black
[1Taone

Recording

Long Time Recording

12.2.2 Frequency Parameters

The FREQ key opens the frequency menu that contains functionality to set up the
horizontal axis of the measurement diagram.

0.1 x Span Frequency
Manual... Frequency

= Center Channel Table
Select Downlink
Select Uplink
Set ta Downlink
Set to Uplink
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Functions of the Spectrum Analyzer

12.2.3 Span Selection

The SPAN key opens the span menu that contains functionality to set the span.

Comoofigit] ] ] s ] ]

12.2.4 Amplitude Parameters

The AMPT key opens the amplitude menu that contains functionality to set up the
vertical axis of the measurement diagram.

G- i o ] )

Scale Adjust dBm [1 Primary Transducer
150 dB [15.0 dB/Div] | dBmV [] Secondary Transducer
130 dB [13.0 dB/Di] | dBuV Select Primary Transducer
120dB 12.0dB/Dw] |V Select Secondary Transducer
100 dB [10.0 dB/Div] | W Y _
50 dB [5.0 dB/Div] dBuVim RF Attenuation
30dB [3.0dBDW] | dBuA/m Manual: 0 dB
20 dB [2.0 dB/Div] Vim Auto Low Distortion
10 dB [1.0 dB/Div] WWm? Auto Low MNoise
5dB [0.5 dB/Div] RF Preamplifier
3dB[0.3dBDN] | Preamp On
2 dB [0.2 dB/Div] Preamp Off
1dB [0.1 dB/Div] RF Impedance
Manual Range: ... 50 @
Linear 0-100% 75 5 RAM
Ref Position: 0 75 0 RAZ
75 & F3H-Z33

12.2.5 Sweep Configuration

The SWEEP key opens a menu that contains all functionality to configure the sweep.

Free Run

Trace Video: 50%
External Rise
External Fall
Trigger Delay: 0 s
Gated Trigger
Gate Settings...

12.2.6 Bandwidth Selection

The BW key opens a menu that contains all functionality to set the bandwidths.
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12.2.7

12.2.8

12.2.9

Functions of the Spectrum Analyzer

Trace Functionality

The TRACE key opens the trace menu that contains functionality to set up the traces.

(o] o] o] ot b it

[]View []Auto Detectar || []Trace 2
Clear/Write Auto Peak []Memary 1 Trace - Memaory
Average: 10... | Max Peak [1Memary 2 Memory - Trace
Min Hald Min Peak
Max Hold || Sample

RMS

Display and Limit Lines

The LINES key opens a menu that contains the functionality to control display and limit

lines.
o] [ ] e s [ omene |
Threshold... [ ] Audio Beep
Load From File...
Unselect Limit
- h 4
Threshold...
Load From File...
Unselect Limit
Markers

The MARKER and MKR— keys open a menus to control markers and use marker
functions.

Softkey in the Marker Menu

‘Marker Mode

Noise

Frequency Count
Fregquency Count Resolution
N dB Down

N dB: 3.0 dB

'Marker Display
Frequency

Channel

|Ma'her Demodulation
Off

AM

Fi

Time: 500 ms
WVolume: 30%

Delete Selected
Delete All Delta
| Delete All
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Functions of the Spectrum Analyzer

Softkeys in the Marker To Menu

Selected Markars Center + Level = Marker
All Markers Center =Marker Freq
Level =Marker Level

A 4
Selected Marker
Search Range Off
Search Range 1
Search Range 2
All Markers
Search Range Off
Search Range 1
Search Range 2
Search Range 1
Lower Limit:
Upper Limit:
Search Range 2
Lower Limit:
Upper Limit:
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12.3 Functions of the Network Analyzer

This section contains all softkeys and menus that are available in network analyzer
mode.

Vector network analyzer functionality is available only with option R&S FSH-K42.

12.3.1 Measurement Configuration

The MEAS key opens the measurement menu that contains functionality to select and
configure the measurement.

Scalar Trace 1 | Menu Texts...

Vector Reflection Port 1

Vector Voltmeter Transmission Fwd (Port 1»2) Standard
Transmission Rev (Port 2m1) S-Parametears

Reflection Port 2
Reflection Port 1 and Port 2
Transmission Fwd and Rev
[] Show Trace 2

v

Depending on measurement mode: Depending on measurement mode:
(Normalize) Full Two-Port Magnitude

Full Two-Port High Accuracy Phase

Reflection Port 1 Magnitude + Phase
{Mormalize) Transmission Fwd (Port 1»2) VSWR

(Normalize) Transmission Rev (Port 2»1) Reflection Coefficient
Reflection Port 2 (Short) Smith Chart
{Mermalize) Reflection Port 1 (Short) Cable Loss
(Normalize) Reflection Port 2 (Short) Group Delay...
Select Calkit [ ] [ ] Electrical Length
Offset Length Port 1

Offset Length Port 2

User Calibration

Restore Calibration Settings

12.3.2 Frequency Parameters

The FREQ key opens the frequency menu that contains functionality to set up the
horizontal axis of the measurement diagram.

0.1xSpan Selact Uplink
Manual... Select Downlink
=Center Setto Uplink

Setto Downlink
Set to Uplink + Downlink
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Functions of the Network Analyzer

12.3.3 Span Selection

The SPAN key opens the span menu that contains functionality to set the span.

Comopig| o] ] e ] ]

12.3.4 Amplitude Parameters

The AMPT key opens the amplitude menu that contains functionality to set up the
vertical axis of the measurement diagram.

QDo [ |, (oo | i

J TG Aﬁenuanon

mrh 0 TG Power

TG Offset

[1Use TG as CWW Source
Source

Source Frequency

Depends on measurement format

12.3.5 Sweep Configuration

The SWEEP key opens a menu that contains all functionality to configure the sweep.

Free Run

External Rise
External Fall
Trigger Delay

12.3.6 Bandwidth Selection

The BW key opens a menu that contains all functionality to set the bandwidths.
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Functions of the Network Analyzer

12.3.7 Trace Functionality

The TRACE key opens the trace menu that contains functionality to set up the traces.

[] Auto Detector
Sample Trace - Memary
RMS Memory - Trace

Trace Mode |
[1View

Clear\Write

Average: 10..

Min Hold

Max Hold

Interference Suppression |
Suppression On
Suppression Off

Aperture Auto

Aperture Manual

12.3.8 Limit Lines

The LINES key opens a menu that contains the functionality to control limit lines.

Threshold. . [ 1Audio Beep
Load FromFile...
Unselect Limit
v
Thrashold...
Load FromFile.
Unselect Limit

12.3.9 Markers

The MARKER and MKR— keys open a menus to control markers and use marker
functions.

Softkey in the Marker Menu

Delete Selected Depending on measurement mode:
Delete All Delta N dB Down
Delete All N dB Down: 3.0 dB

Narmal

dB Magn + Phase

Lin Magn + Phase (Rho)
Real + Imag (Rhao)

R +jX

G+jB

(R + [X)/Z0

(G +jB)YO

Ref Impedance: 50 Ohm
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Functions of the Network Analyzer

Softkeys in the Marker To Menu

Selected Markars Center + Level = Marker
All Markers Center =Marker Freq
Level =Marker Level

A 4
Selected Marker
Search Range Off
Search Range 1
Search Range 2
All Markers
Search Range Off
Search Range 1
Search Range 2
Search Range 1
Lower Limit:
Upper Limit:
Search Range 2
Lower Limit:
Upper Limit:
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Functions of the Power Meter

12.4 Functions of the Power Meter

This section contains all softkeys and menus that are available in power meter mode.

12.4.1 Power Meter Measurements

The MEAS key opens a menu that contains the functionality to configure
measurements with the power meter.

Power Meter

(o], o] ] s fone] [

dBm
W
dB Rel: .

Directional Power Meter

e e

Forward Power
dBm

W

dB Ral:...
Reflected Power
dBm

w

VSWR

dB (Return Loss)

12.4.2 Frequency Parameters

The FREQ key opens a menu that contains the functionality to set the frequency.

G- [ [ [ [ [

Frequency
Frequency
Channel Table
Select Downlink
Select Uplink
Setto Downlink
Set to Uplink
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12.4.3

12.4.4

12.4.5

Functions of the Power Meter

Amplitude Parameters

The AMPT key contains functionality to configure level parameters.

RF Attenuation

Man: 0 dB
Auto

RF Preamplifer
Preamp On
Preamp Off

Sweep Configuration
The SWEEP key opens a menu that contains functionality to configure the sweep.

Power Meter and Directional Power Meter

-] [ [ [ [ [

Pulse Power Measurements

Free Run
Positive
Megative

Trigger Level
Trigger Delay

Bandwidth Configuration

The BW key opens a menu that contains functionality to configure the bandwidth. This
is only available with Pulse Power Measurements.

G-l [ [ [ [

Full

5 MHz
1.5 MHz
300 KHz
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Functions of the Power Meter

12.4.6 Trace Configuration

The TRACE key opens a menu that contains functionality to configure the trace. This is
only available with Pulse Power Measurements.

Clear / Write 'A\terage |
Average | Max Peak |
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Functions of the Distance-to-Fault Mode

12.5 Functions of the Distance-to-Fault Mode

12.5.1

12.5.2

This section contains all softkeys and menus that are available in distance-to-fault
mode.

Distance-to-fault functionality is available with option R&S FSH-K41.

Measurement Configuration

The MEAS key opens the measurement menu that contains functionality to select and
configure the measurement.

DTF Magnitude
Reflection VEWR
Spectrum | Reflection Coefficient
DTF/Refl Measurement Port Cable Loss
[1Waveguide A4
Select Cable Model ..
) ¥
Port 1 Calibrate Degelect Cable Model
r=rr— S Define User Model
Port 2 Restore Calibration
— [1User Model
Cutoff Frequency
Frequency
Velocity
Loss

v el ] ] ] ea]

Frequency Parameters

The FREQ key opens the frequency menu that contains functionality to set up the
horizontal axis of the measurement diagram.

0.1 x Span
Manual...
=Center
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12.5.3

1254

12.5.5

12.5.6

Functions of the Distance-to-Fault Mode

Span Selection
The SPAN key opens the span menu that contains functionality to set the span.

DTF measurements

- [ (] [ [

Reflection and spectrum measurements

D] [l ] ][] [

Amplitude Parameters

The AMPT key opens the amplitude menu that contains functionality to set up the
vertical axis of the measurement diagram.

(o o] o] ] e o] el

Auto Scale || dBm Manual: 0 dB *

150 dB [15.0 dB/Dwv] | dBmV Auto Low Distortion *

130 dB [13.0 dB/Div] | dBuV Auto Low Noise * v

120 dB [12.0 dB/Div] |V [TG Attenuation |
100 dB [10.0 dB/Div] | W 176 Power |
50dB [5.0 dB/DN] | TG Offset |

30 dB [3.0 dB/Div]

20 dB [2.0 dB/Div]

10 dB [1.0 dB/Div]

5 dB [0.5 dB/Div]

3 dB [0.3 dB/Div]

2 dB [0.2 dB/Div]

B * only available for spectrum
Manual Range: ... measuraments
\Linear0-100% |

Sweep Configuration

The SWEEP key opens a menu that contains all functionality to configure the sweep.

@D [ [ s [

Bandwidth Selection

The BW key opens a menu that contains all functionality to set the bandwidths.

G- (R [ [ [
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12.5.7

12.5.8

Functions of the Distance-to-Fault Mode

Trace Functionality

The TRACE key opens the trace menu that contains functionality to set up the traces.

[Trace Mode
[1View
Clear\Vrite

'!-‘werage: 10...

"Min Hold
Max Hold
Interference Suppression
Suppression On
Suppression Off
Aperture Auto

| Aperture Manual

Markers

The MARKER and MKR— keys open a menus to control markers and use marker
functions.

Softkey in the Marker Menu

Delete All Delta
Delete All

Zoom In
Zoom Off

Softkeys in the Marker To Menu

Selected Marker |
Search Range Off
Search Range 1
Search Range 2

All Markers |
Search Range Off
Search Range 1
Search Range 2

' Search Range 1 |
Lower Limit:
Upper Limit:

' Search Range 2 |
Lower Limit:
Upper Limit:

| Selected Markers
All Markers
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12.6 Functions of the Receiver Mode

This section contains all softkeys and menus that are available in receiver mode.

Receiver functionality is available with option R&S FSH-K43.

12.6.1 Measurement Configuration

The MEAS key opens the measurement menu that contains functionality to select and
configure the measurement.

Single frequency measurements

[11sotropic Antenna

|: Iso Direction

Auto
X
Y
Z

Channel scans

o o] ) ] ] = ]

[1sotropic Antenna

|: Iso Direction

Auto
X
Y
z

12.6.2 Frequency Parameters

The FREQ key opens the frequency menu that contains functionality to set up the
horizontal axis of the measurement diagram.

o] ] o] ][]

12.6.3 Span Selection

The SPAN key opens the span menu that contains functionality to set the span.

o Aetie] ] ] e ] ]
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12.6.4 Amplitude Parameters

Functions of the Receiver Mode

The AMPT key opens the amplitude menu that contains functionality to set up the
vertical axis of the measurement diagram.

Scale Adjust
150 dB [15.0 dB/Div]

dBm

dBmy

130 dB [13.0 dB/Div]

dBpv

120 dB [12.0 dB/Div]

100 dB [10.0 dB/Div]

A

50 dB [5.0 dB/Div]

30 dB [3.0 dB/Div]

20 dB [2.0 dB/Div]

10 dB [1.0 dB/Div]

5 dB [0.5 dB/Div]
3 dB [0.3 dB/Div]

2 dB [0.2 dB/Div]

1dB [0.1 dB/Div]

Linear 0-100%

Ref Position: 10...

12.6.5 Sweep Configuration

w

[1Primary Transducer

[ ] Secondary Transducer
Select Primary Transducer
Select Secondary Transducer

h 4

RF Attenuation

Manual: 0 dB

Auto Low Distortion

Auto Low MNoise

RF Preamplifier

Preamp On

Preamp Off

RF Impedance

50 €

75 Q2 RAM

75  RAZ

75 Q FSH-238

The SWEEP key opens a menu that contains all functionality to configure the sweep.

() o] [ [ (8] ] [

12.6.6 Bandwidth Selection

Free Run
External Rise
External Fall
Trigger Delay

The BW key opens a menu that contains all functionality to set the bandwidths.

o] ] ] [ 8] e

12.6.7 Trace Functionality

The TRACE key opens the trace menu that contains functionality to set up the traces.
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Average: 10... | RMS

Min Hold Quasi Peak
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[Polygon | | Off
Lines Trace - Memory
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Functions of the Receiver Mode

12.6.8 Markers

The MARKER and MKR— keys open a menus to control markers and use marker
functions.

Softkeys in the Marker Menu

M 2 i
v
Delete Seltcled Marker Mode
Delete All Delta Frequency Count
Delete All Marker Display
Frequency
Channel
Marker Demadulation
Off
AM
FM
Time: 500 ms
Volume: 30%

Softkeys in the Marker To Menu

Selected Markers [ ] Search L|m|ts OnfOff
All Markers Lower Limit: .
Upper Limit:

¥
Center + Level = Marker

Center = Marker Freq
Level = Marker Level
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12.7 Functions of the Interference Analyzer (Map Mode)

12.7.1

12.7.2

This section contains all softkeys and menus that are available in the Maps mode of
the interference analyzer.

Map mode functionality is available only with options R&S FSH-K15 and / or -K16..

Measurement Configuration

The MEAS key opens the measurement menu that contains functionality to select and
configure the measurement.

Triangulation [--]
Geotagging | Auto Select
Indoor Mappi

Tl v Contents depend on result display

[]1Show GPS Infarmation

[ T=rrow-Compa
Infarmatinn

Go To Current Position
[] Trace Current Position

Save Current Position

Antenna

1
Save Manual Position []GPS Disabled
'[1 Show Saved Positions [1 Compass HL300 Side
GPS Position List []Save on Event HE300 Top
Go To Triangulation Position Event Source —
[] Triangulate Current Position Color Time Interval
Save Triangulation Saved Positions Color Limit Failure
Triangulation Color Distance Interval
Coverage Color Every Sweep

Coverage Level

Default Indicator

[ ]1Show Power Bar

[ 1Show Power Result

[ ]1Show Hardware Settings
Squelch Level

Tone Threshaold

Tone Gain

Tone Volume

[1Tone

Frequency Parameters

The FREQ key opens the frequency menu that contains functionality to set up the
horizontal axis of the measurement diagram.

o] o] ] ] o] ]
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Functions of the Interference Analyzer (Map Mode)

12.7.3 Amplitude Parameters

The AMPT key opens the amplitude menu that contains functionality to set up the
vertical axis of the measurement diagram.

Scale Adjust dBm [ 1Primary Transducer
150 dB dBmV [ ]1Secondary Transducer
130dB dBpV Select Primary Transducer
120 dB \") Select Secondary Transducer
100 dB w v
50 4B RF Attenuation
30 dB Manual: 0 dB
20 dB Auto Low Distortion
10 dB Auto Low Noise
5 dB RF Preamplifier

Preamp On

Preamp Off

RF Impedance

50 @

75 ) RAM

75 0 RAZ

75 Q FSH-Z38

12.7.4 Sweep Configuration

The SWEEP key opens a menu that contains all functionality to configure the sweep.

G- [ [ [ [

12.7.5 Bandwidth Selection

The BW key opens a menu that contains all functionality to set the bandwidths.

G- [ [ [

12.7.6 Trace Functionality

The TRACE key opens the trace menu that contains functionality to set up the traces.

-] [l [ [ ]

Max Peak
Min Peak
Sample
RMS
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12.8 Functions of the Digital Modulation Analyzer

12.8.1

This section contains all softkeys and menus that are available in digital modulation
mode.

Digital modulation functionality is available only with one of the corresponding options.

Measurement Configuration

The MEAS key opens the measurement menu that contains functionality to select and
configure the measurement.

GSM

Spectrum Overview ]
Burst Power Auto
Result Summary + Manual
Carrier Freq Error
Hz
ppm
3GPP WCDMA
Spectrum Ovetiew Code Pc-vjer
|sotropic Antenna Absolute
Scrambling Codes Relative to CPICH
Code Domain Fower Anionna Eiversiw
Code Domain Channel Table ‘Nome |
— Antenna 1
Result Summary Antenna 2
- Y Scrambling Code
grjlziinber | Primary Code... |
Secondary Code...
Result Summary Mode [X]Auto—
Channel Search Off - Fast

Channel Search On - Normal
EWVM

Y

dB

Carrier Freq Error

Hz

ppm
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CDMAZ2000

v

| Spectrum Ove view | Code Power Relative to Pilot
PN Scanner Code Power Relative to Total
Code Domain Power |PN Offset ¥
Code Domain Channel Table Manual
Result Summary il X] Auto
Carrier Freq Error | Base Spreading Factor
Hz 64
ppm 128
1xEV-DO
Spectrum Overview | PM Offset
Burst Power Auto
PN Scanner Manual
Result Summary +

Carrier Freq Error
Hz

ppm

TD-SCDMA

Spectrum Overview (Code Domain Analysis only)
Time Domain Power Code Power |
Syne 1D Absolute
Code Domain Power Relative to RF Channel Power
Code Domain Channel Table v
Limits Scrambling Code
Result Summary Set code manually...
L [ ] Auto
Contents depend on result display Uplink / Downlink Switch Paint

Analysis Set Switch Point manually...

Slot Number... Maximum Users (K)

Code Channel... Set K manually...

Result Summary Mode [] Auto

Channel Search Off - Fast Code Channel Phases

Channel Search On - Normal Fixed

EVM Arbitrary

%

dB

Carrier Freq Error

Hz

ppm

Operating Manual 1173.6275.12 - 35




R&S FSH Menu and Softkey Overview

Functions of the Digital Modulation Analyzer

LTE FDD and TDD

Spectrum Overview SIS0 [1 EVM Accerding to Standard
|sotropic Antenna Ower-the-Air Subframe s to Analyze
Constellation Diagram Connected to Tx1
Resource Allocations ‘MIMO 2x2
BTS Scanner | Over-the-Air |
Limits | Connected to Tx |
Result Summary v ' Connected to T2 |
Result Summary L -
BV Qv er-the-Air !
% Physical Layer Cell Identity
dB Cell Identity
Carrier Freq Error Group
Hz ID..
ppm [1Auto
_Resource Allocations Cyeclic Prefix
Scale MNormal
[] Auto Scale Extended
Over-The-Air Maximum. . Auto
Over-The-Air Minimum... Physical Settings
Cable Connected Maximum._. Channel Bandwith
Cable Connected Minimum.__ UL/DL Configuration*
Colors Synchronization Signal
Color Table . PSYNC/SSYNC
Resource Allocations Reference Signal
Show Allocations [1Auto
[] Show Ideal Points
BTS Scanner
Colors
Primary Sync Signal Power
Secondary Sync Signal Power
* gnly available for TOD measurements
LTE NB-loT
@ Uisplay é!i! ! gs ﬁJ“ g g!ii i gs !P!!! ! gs !!ii ! gs
v
Spectrum Overview 8150 + [1EVM Pa:curd+ng to Standard
Constellation Diagram Cwver-the-Air Subframes to Analyze
Result Summary Connected to Tx1 [1MNB-oT Filter
Result Summary v
[EvM NB-loT
% Deployment —{ In Band
dB CRS Sequence Info Guard Band
| Carrier Freq Error PRB Index Standalone
Hz PRB Symbol Offset Standalone (+ adj.)
ppm Phiysical Layer Cell ldentity
Constellation Diagram Cell Identity
Show Allocations Group...
[1 Show Ideal Points 1D
Auto
Physical Settings
LTE Channel Bandwith
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12.8.2

12.8.3

Functions of the Digital Modulation Analyzer

Frequency Parameters

The FREQ key opens the frequency menu that contains functionality to set up the
horizontal axis of the measurement diagram.

ente
- | Hreq ‘ j gpsm | |Eamersi| | E(a'merl 1 | ﬁe
1 MHz (WCDMA) Frequency |
1.25 MHz (CDMA2000) Channel
1.25 MHz (1xEVDQ)

1.4 MHz to 20 MHz (LTE)
1.6 MHz (TD-SCDMA)

200 kHz (GSM)
Manual. .. * pnly availabls In the LTE
=Center applications

Amplitude Parameters

The AMPT key opens the amplitude menu that contains functionality to set up the
vertical axis of the measurement diagram.

3GPP WCDMA, TD-SCDMA and LTE FDD / TDD

RF Attenuation
Man: 0 dB

Auto Low Distortion
Auto Low Noise
RF Preamplifer
Preamp On
Preamp Off

¥
[ ] Primary Transducer

[ 1 Secondary Transducer
Select Primary Transducer
| Select Secondary Transducer |

GSM, CDMA2000 and 1xEV-DO

D e e R R —

RF Attenuation
Man: 0 dB

Auto Low Distortion
Auto Low Moise
RF Preamplifer
Preamp On
| Preamp Off
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12.8.4

12.8.5

Functions of the Digital Modulation Analyzer

Sweep Configuration
The SWEEP key opens a menu that contains all functionality to configure the sweep.

3GPP WCDMA and TD-SCDMA

G- [ [ e ]

GSM, CDMA2000, 1xEV-DO, LTE FDD/TDD and NB-loT

o] ] ] [ ] e

Free Run

Ext Rise

Ext Fall
|GPS

Trace Functionality
The TRACE key opens the trace menu that contains functionality to set up the traces.

3GPP WCDMA and LTE (Spectrum Overview and Isotropic Antenna only)

Clear/Write [ 1 Memory
Average 10... [] Trace
Max Hold

Min Hold

GSM, CDMA2000 and 1xEV-DO (Spectrum Overview only)

R
[] View [1Memory
Clear/Write []Trace
Average 10...
Max Hold
Min Hold

TD-SCDMA (Spectrum Overview only)

e

Clear/Write [1 Memory

| Average 10... | []Trace |
Max Hold

Min Hold
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Functions of the Digital Modulation Analyzer

3GPP WCDMA (BTS Scanner only)

Clear/Write
Average 10...
Max Hold
Min Hold

TD-SCDMA (Sync ID only)

o e

Clear/Write
Average 10...
Max Hold
Min Hold
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Functions of the Digital Modulation Analyzer

13 How a Spectrum Analyzer Works

Basically, it is possible to measure and analyze RF signals either in the time domain or
the frequency domain.

Measurements in the time domain show signal variations over time. You can perform
these with an oscilloscope, for example. Measurements in the frequency domain show
the frequency components of a signal. To perform measurements in the frequency
domain, you can use a spectrum analyzer.

Both modes are essentially equivalent because applying the Fourier transform to any
signal converts it into its spectral components. Depending on the signal characteristic
to be measured, one method is usually more appropriate than the other. With an
oscilloscope, it is possible to tell whether a signal is a sine wave, a square wave with a
certain on/off ratio or a sawtooth wave. However, detecting superimposed low-level
signals or monitoring the harmonic content of the signal is easier with a spectrum or
signal analyzer.

Figure 13-1 shows the theoretical basis of the two measurement methods. In the time
domain, an oscilloscope would, for example, show a section of the signal that is a
square wave. The same signal, when viewed with a spectrum analyzer, would show a
line spectrum (the fundamental and its harmonics).

Frequency

Amplitude O
A

‘ |
- = | |
7/_‘ h Frequency

Time domain domain
Time

Figure 13-1: Visualization of time domain and frequency domain

Applying the Fourier transform to the periodic square wave transforms it into the
frequency domain. The spectrum analyzer would show the fundamental (or frequency
of the square wave) and its harmonics.

The spectrum analyzer uses a narrow bandpass filter for measurements in the
frequency domain. Only at frequencies containing a signal there is a reading that gives
the amplitude of the frequency component.

Figure 13-2 shows the basic principle of how a spectrum analyzer works.
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Input Envelope Video

attenuator Mixer I filter detector filter Detector
RF input 0— / i J\ %I_ t DIT_E
{T
y deflection
Local
oscillator
_//I- ¥ deflection
awtoot
generator
(for sweep)

Figure 13-2: Block diagram showing the basic functionality of a spectrum analyzer

The precision attenuator at the R&S FSH input attenuates the signal to a level that the
mixer can handle without overdriving the mixer. The attenuator is directly coupled to
the reference level. You can attenuate the signal in the range from 0 dB to 40 dB in
steps of 5 dB.

The mixer converts the RF signal to a fixed intermediate frequency (IF). This process
usually involves several stages. It lasts until you get an IF for which good narrowband
filters are available. The R&S FSH needs three mixing stages to get an IF that the filter
can handle. Figure 13-3 graphically shows the mixing process.

For models with a frequency limit of 3.6 GHz, the IFs are 4892.8 MHz, 860.8 MHz and
54.4 MHz. The conversion from a specific input frequency to the first IF is done by a
local oscillator (LO). This LO can be tuned from 4.8 GHz to 8.4 GHz. All other
conversions are handled by single-frequency oscillators.

In case of models with a frequency limit of 8 GHz, the IFs are 8924.8 MHz, 860.8 MHz
and 54.4 MHz. The conversion from the first to the second IF for these models is done
by a second local oscillator.

The frequency of the local oscillator determines the input frequency at which the
spectrum analyzer performs measurements:

fin = fLo — fiF.

The first mixer produces the sum frequency fio + fin (= image frequency fimage) as well
as the difference frequency fLo — fin.

The image frequency is rejected by the bandpass at the IF so that it does not interfere
with the subsequent frequency conversions.

[— Input frequency range —P{

e

-

0 Hz Input Intermediate  Local Image
frequency frequency  gscillator frequency
fn fie fio fimage

Frequency

Figure 13-3: Mixing process
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Functions of the Digital Modulation Analyzer

The first local oscillator is tuned with a sawtooth which simultaneously acts as the x
deflection voltage for the display. In practice, synthesizer technology is used to
generate the frequency of the first local oscillator and for a digital display.

The instantaneous sawtooth voltage therefore determines the input frequency of the
spectrum analyzer.

The bandwidth of the IF filter at the IF determines the bandwidth that is used for
measurements. Pure sine signals are passed by the IF filter characteristics. This
means that signals closer together than the bandwidth of the IF filter cannot be
resolved. This is why the bandwidth of the IF filter in a spectrum analyzer is referred to
as the resolution bandwidth. The R&S FSH has resolution bandwidths from 1 Hz to

3 MHz.

The bandlimited IF is passed to the envelope detector. The envelope detector removes
the IF from the signal and outputs its envelope. The output signal from the envelope
detector is referred to as the video signal. As it has been demodulated, it only contains
amplitude information. The phase information is lost.

With RF sine signals, the video signal is a DC voltage. With AM signals the video
signal contains a DC component whose amplitude corresponds to the carrier power
and an AC component whose frequency is equal to the modulation frequency, provided
the modulation frequency is inside the resolution bandwidth.

Amplitude “Arnpl itude

w v Time Time

IF signal (AM) " Envelope signal

The video filter comes after the envelope detector. The filter is a lowpass with an
adjustable cutoff frequency which limits the bandwidth of the video signal. It is
particularly useful when sine signals are to be measured in the vicinity of the spectrum
analyzer’s intrinsic noise. The sine signal produces a video signal that is a DC voltage.
At the IF, however, the noise is distributed over the whole bandwidth or, in the case of
the video signal, over half the bandwidth of the resolution filter. By selecting a narrow
video bandwidth relative to the resolution bandwidth, the noise can be suppressed,
while the sine signal to be measured (= DC) is not affected.

The figures below show a weak sine signal. In the first picture, it is measured with a
large video bandwidth and in the second with a narrow video bandwidth.
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Spectrum 28/05/08 07:38 ——  Spectrum 28/05/08 07:33 -

Ref: -60.0 dBm *RBW: 100 kHz «SWT: 200ms Trace: Clear/Write Ref: -60.0 dBm *RBW: 100 kHz « SWT: 200ms Trace: Clear/Write
Att: 0dB s VBW: 100 kHz Trig: Free Run Detect. Auto Peak Att: 0dB »\VBW: 300 Hz  Trig: Free Run Detect Auto Peak

0% 90%
80% 80%
0% 70%
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50% 50%
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o 10% /J '\,\\ —
100 kHz Pt ] VB

Center: 97. Span: 800 kHz Center: 97.3 MHz Span: 800 kHz
Manual TTRute T Manual Lo i TTAute T
RBW VBW VBW RBW RBW VBW VBW

Limiting the video bandwidth smoothes the trace considerably. This makes it much
easier to determine the level of the measured signal.

The detector comes after the video filter. The detector combines the measured
spectrum so that it can be represented as one pixel in the trace. The R&S FSH uses
631 pixels to form the trace, i.e. the whole measured spectrum has to be represented
using just 631 pixels. Common types of spectrum analyzer detectors are the peak
detector (PEAK), the sample detector (SAMPLE) and the RMS detector (RMS). An
Auto Peak detector which simultaneously displays the maximum peak and the
minimum peak is usually also provided. The Fig. below explains how these detectors
work.

Lewvel

A
==& Maximum

——————— # RMS

\j V v V ¢ Sample

=& Minimum

The figure above shows 30 measured values which are represented by a single pixel.
The peak detector determines and displays the maximum measured value. The Auto
Peak detector takes the maximum and minimum and displays them together. The two
values are joined by a vertical line segment. This gives a good indication of the level
variation over the measured values represented by a single pixel. The RMS detector is
used by the spectrum analyzer to determine the RMS value of the measured values. It
is therefore a measure of the spectral power represented by a pixel. The sample
detector takes an arbitrary measurement value and displays it (in the Fig. above, the
first). The other measured values are ignored.
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On the basis of the operating principles of detectors, a few recommendations can be
made as to their use.

e ltis best to use the Auto Peak detector or the peak detector for spectrum analysis
over large frequency ranges. This ensures that all signals are displayed.

e The RMS detector is recommended for power measurements on modulated
signals. However, the display range should be chosen so as not to exceed 100
times the bandwidth of the signal or the resolution bandwidth, whichever is larger.

e The sample detector or the RMS detector (preferred) should be used for noise
measurements. Only these two detectors are capable of measuring noise power
correctly.

e When measurements are made on sine signals, the level display does not depend
on the detector. However, if you use the RMS detector or the sample detector,
ensure that the span is not too great. Otherwise, the displayed levels of sine
signals may be lower than their true value.
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