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I/Q recorder brings real radio scenarios 
cost-efficiently into the lab
The R&S®IQR I/Q data recorder records and plays I/Q data in realtime. Upstream RF receivers record real 

radio scenarios that are then faithfully reproduced by downstream RF generators or examined using 

analyzers. The following text gives an example of how the spectra of GPS navigation systems are recorded 

and later used on DUTs in the lab.

Realistic test conditions are vital
For testing RF receivers such as are used in mobile phones, 
in navigation and TV receivers, Rohde&Schwarz provides an 
unrivaled range of T&M instruments that meet practically any 
requirement. However, the wide variety of coexisting radio 
scenarios such as GPS, WLAN, mobile radio networks, broad-
cast and other signals makes such testing increasingly expen-
sive and time-consuming and even calls for complex test set-
ups or test systems. In spite of the effort and cost involved, 
the tests cannot cope with the full complexity of real scenar-
ios, because too many parameters influence the operation 
of the DUTs. For example, navigation receivers are subject 
to a considerable amount of interference due to reflections 
and shadow effects between high-rise buildings while driv-
ing; TV receivers and mobile radiotelephones have to work 
smoothly in fast moving cars or trains under difficult signal 
conditions. Only tests that are carried out under realistic con-
ditions can definitely prove that the relevant devices are func-
tioning properly.

Drive tests are a popular way of doing this but their ability to 
accurately test realistic scenarios come at a cost. Moreover, 
such drive tests must be carried out every time a new model 
is developed. If manufacturers also want to test their equip-
ment under the specific radio scenarios of foreign target mar-
kets, they are confronted with even higher additional costs.
Therefore, it is better not to transport the DUTs, but do the 
opposite and bring real radio scenarios into the test lab. 
This is one of the typical applications for the R&S®IQR data 
recorder: It can record and play I/Q data for any RF scenario 
in realtime. Appropriate upstream RF receivers and down-
stream analyzers and generators allow users to analyze real 
radio scenarios and test DUTs under realistic conditions. The 
tests can be repeated as often as required, e.g. in order to 
optimize design models.

RF spectra recording opens up a wide range of applications: 
Tests can be performed on radios, radio receivers, navigation 
systems and modules, the operator network coverage can be 
monitored, and RF spectra can be evaluated in accordance 
with military requirements.

Basic system setup for recording spectra  
during drive tests
Irrespective of the specific application, a basic system setup 
includes – in addition to an R&S®IQR I/Q data recorder – 
an RF receiver, an instrument for generating the RF spec-
trum or an instrument for analyzing I/Q data (FIG 1). Which 
T&M instrument is used depends on the frequencies and 
bandwidths of the spectrum to be recorded as well as on the 
analysis planned. The interface between these T&M instru-
ments is the company´s proprietary digital I/Q interface, which 
allows an almost unlimited combination of Rohde&Schwarz 
equipment in accordance with requirements.

Depending on the bandwidth, either the R&S®TSMW univer-
sal radio network analyzer or an R&S®FSV / R&S®FSVR spec-
trum analyzer can be used as the RF receiver. A wide range 
of RF generators is available for playing the recorded spec-
tra. Moreover, digital I/Q signals can be analyzed by a PC. The 

The R&S®IQR I/Q data recorder can record and play I/Q data 
in realtime in combination with numerous Rohde&Schwarz 
instruments that are equipped with the company’s proprie-
tary digital I/Q interface. It was introduced in NEWS (2010) 
No. 202, pp. 11–13.
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Configuration examples

Receiver:
e.g. ¸TSMW,
2 × 20 MHz bandwidth 

Data provision

Spectrum analyzer:
e.g. ¸FSV,
40 MHz bandwidth 

Interface module:
¸EX-IQ-Box

Interface module:
¸EX-IQ-Box

Generators:
e.g. ¸SMBV100A,
90 MHz bandwidth

Playing / analysis of data 

Broadcast tester:
e.g. ¸SFE,
70 MHz bandwidth 

Spectrum analyzer:
R&S®FSV / ¸FSVR,
40 MHz bandwidth

Raw and 
wv files

Digital I/Q data

¸IQR100:
sample rate up to 66 MHz
approx. 50 MHz max. bandwidth 

PC

GNSS spectra
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Rohde&Schwarz portfolio also includes suitable T&M instru-
ments with an integrated FM or DVB-T modulator if broad-
cast signals are to be analyzed in realtime. And the configu-
rable, bidirectional digital I/Q interface of the R&S®EX-IQ-Box 
allows the use of parallel or serial digital I/Q data streams 
(TTL, LVDS) from DUTs or T&M instruments from other 
manufacturers. 

Example: testing GNSS receivers with  
real RF radio scenarios
The configuration for recording and playing real RF radio sce-
narios in realtime using the respective satellite signals is 
based on the bandwidths required depending on GNSS and 
accuracy demands. Higher position location accuracy (e.g. for 
military applications) demands the recording of other correc-
tion signals which may be present in other frequency ranges 
and require different bandwidths. For details see [1]. 

The spectra of various commercial navigation systems are 
shown in FIG 2. Due to the GNSS signal distribution, it is not 
advisable to record the entire spectrum but only part of it as 
the configuration could otherwise be extremely complex and 
large volumes of data would occur. 

In addition to the American GPS and the Russian GLONASS 
(see box on page 34), other navigation systems will be 
used in future, e.g. Galileo (EU) and Compass (PR China), and 
global testing requirements will increase.

FIG 1 Selection of Rohde&Schwarz instru-

ments for recording and playing RF spectra.

FIG 2 Symbolic representation of commercial GNSS spectra in the upper 

L band.

Recording GPS spectra during drive tests
FIG 3 shows the test system configuration for recording spec-
tra during drive tests and for testing GPS receivers based 
on the GPS L1 band for civil applications (see also [2]). The 
GPS L1 band has a center frequency of 1.57542 GHz and a 
bandwidth of 2.046 MHz. Depending on accuracy require-
ments it may also be useful to include the sidebands. The 
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I/Q

¸IQR
(as player)

Signal generator
e.g. ¸SMBV100A

USB / LAN

Export of I/Q / GPS data

RF 
(GPS spectrum)

For I/Q modulation 
and as GNSS simulator

MATLAB™
or other 
software

e.g. GPS L1 band, center frequency: 1575.42 MHz,
Bandwidth: n × 2.046 MHz (n ≥ 1)

DUT
(GPS navigation 
receiver)

I/Q, GPS

Control

¸IQR
(as recorder)

Recording Playing and test

¸TSMW
(as RF scanner)

I/Q, GPS data

DUT
(GPS module)

Configuration for recording / playing
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R&S®TSMW is the ideal receiver for this configuration as it 
offers a bandwidth of up to 20 MHz. An active GPS antenna 
is required as the strength of the satellite signals is low. Both 
the R&S®TSMW and the R&S®IQR have been designed for 
mobile use and are ideal for drive tests. The GPS signal is 
used as an extremely accurate time base for the R&S®TSMW; 
and the R&S®IQR optionally allows parallel recording of GPS 
coordinates. 

FIG 3 shows a configuration for separate RF recording and RF 
playing. Recorded data is transferred from one data recorder 
to another via the removable memory pack. The recording set 
can of course be connected directly to a generator for playing 
the spectrum. 

Playing and analyzing recorded I/Q signals
The configuration for playing and analyzing data depends 
on the application. If the recorded spectrum is to be ana-
lyzed with a PC using a proprietary software or MATLAB®, for 
example, it is sufficient to use the R&S®IQR I/Q data recorder 
together with the data export option. 

The R&S®SMBV100A vector signal generator, which gener-
ates the relevant spectrum from the digital baseband signal, 

FIG 3 Configura-

tion for recording 

RF spectra with the 

R&S®TSMW and for 

playing them using 

the R&S®SMBV100A 

vector signal 

generator.

is ideal for performing a realtime simulation on a DUT. Com-
pared to other generators, the R&S®SMBV100A cannot only 
generate the spectrum. It also supports options for generating 
GNSS signals, e.g. GPS and GLONASS (for more information, 
see page 33), and allows the setup of a universal test con-
figuration for real and artificial satellite signals. 

FIG 3 shows two different test scenarios: a test of a GPS nav-
igation receiver performed via the air interface and a test of a 
GPS module via a direct connection to the generator. 

If bandwidths of more than 20 MHz are required, the R&S®FSV 
signal and spectrum analyzer, which is also suitable for dis-
playing and obtaining the spectrum in realtime, can be used 
as the frontend. If GPS coordinates have to be recorded as 
well, the R&S®TSMX-PPS USB GPS receiver is connected to 
the R&S®IQR. 

The map section in FIG 4 shows the route obtained on the 
basis of the GPS data recorded with the test setup shown in 
FIG 3. It was possible to trace the route with the navigation 
system when playing the GPS RF spectrum. The photo shows 
the corresponding live display of a navigation system when 
playing the recorded GPS RF spectrum.
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FIG 4 Recorded route, shown using Google Map, in comparison with 

the live display on the navigation system.

Summary and future developments
The R&S®IQR I/Q data recorder, in conjunction with an 
appropriate RF receiver and generator, can record and play 
RF spectra in realtime, allowing RF receiver modules such as 
those used in navigation systems to be tested under realis-
tic conditions. The company’s proprietary digital I/Q interface 
opens up a wide variety of T&M instrument combinations in 
accordance with requirements. 

Spectra that are very far apart, e.g. from TV and FM transmit-
ters, cannot be recorded with a single receiver because of the 
large bandwidth. The solution to the problem are two or more 
synchronized recording sets that are used for parallel record-
ing and playing. 

An option to the R&S®IQR is currently being developed to 
allow the recording of two I/Q data streams with the multi-
plex method. Owing to this option, an R&S®TSMW and an 
R&S®IQR can be used to record two spectra in parallel and 
transfer them to a PC for analysis. This significantly reduces 
the effort and cost involved in recording two or four different 
spectra, as required for MIMO applications.

Gert Heuer; Florian Grandmontagne

Instruments with digital I/Q interface*

Signal generators 
R&S®AMU200A, R&S®AFQ100A, R&S®SMBV100A, 
R&S®SMJ100A

Spectrum / signal analyzers
R&S®FSVR, R&S®FSV, R&S®FSQ, R&S®FSG, R&S®FMU36 …

Mobile radio testers
R&S®CMW500, R&S®CMW270

Broadcast testers
R&S®SFE, R&S®SFU, R&S®SMU200A

RF scanner
R&S®TSMW

Data converter
R&S®EX-IQ-Box

I/Q data recorder
R&S®IQR

* Due to different functionalities and performance parameters, not all instruments 
can be combined with each other as desired; see relevant data sheets.
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