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World’s first regulatory test system  
for 2.4 GHz and 5 GHz band radio systems
Starting January 2015, radio systems operating in the 2.4 GHz and 5 GHz frequency bands will have to meet 

new, enhanced requirements under the European R&TTE Directive. The R&S®TS8997 regulatory test system 

for wireless devices is the first solution worldwide to support the required tests. It contains power measure-

ment functionality specifically developed for this purpose as well as automated test sequence control. 

Large number of radio services  
and transmission technologies
The density and diversity of radio services in the license-free 
2.4 GHz and 5 GHz bands is steadily growing. Systems using 
WLAN 802.11a/b/g/n and Bluetooth®, as well as other appli-
cations such as wireless video transmission and radio remote 
control operate in these bands. In the future, car-to-car 

communications in line with the 802.11p standard will also 
take place in the 5 GHz band. Many users share these fre-
quency bands, using diverse bandwidths and transmission 
technologies such as wideband OFDM, MIMO, frequency 
hopping and direct sequence spread spectrum (DSSS). Keep-
ing this variety in mind, it is important to minimize mutual 
interference as far as possible.

New, extended requirements
In order to minimize interference between radio systems in a 
densely occupied spectrum, wireless devices will in the future 
have to pass specific tests in order to be certified. The test 
cases are defined in the current, revised versions of the ETSI 
EN 300328 and ETSI EN 301893 standards; both standards 
are also included as harmonized standards under the Euro-
pean R&TTE Directive.

The revision and extension of the ETSI EN 300328 standard 
became necessary in order to introduce methods that allow 
different applications to coexist in the 2.4 GHz band. For 
example, the new version (V1.8.1) of the standard defines 
adaptivity mechanisms to help ensure that all users will still 
have access to available frequency resources as band occu-
pancy increases. Alternatively, systems can function  without 
adaptivity if they fulfill certain requirements with respect to 
power and timing behavior. All these requirements call for 
new, and in part complex, test methods. In the previous ver-
sion (V1.7.1) of the standard, the requirements existed only at 
a rudimentary level, and test methods were not yet defined.

A new power measurement procedure has been introduced 
in order to measure a wide range of signal parameters such 
as burst power, duty cycle, TX sequence, TX gap and medium 
utilization (MU) factor. The revised standards also cover trans-
mission using multiple antennas, e.g. MIMO, and call for spe-
cial test equipment. Additionally, they include tests to verify 
a radio system’s ability to adapt to ambient conditions, i.e. to 
detect other services and avoid collisions. ETSI EN 300328 
covers DUTs with and without frequency hopping and listen 
before talk (LBT) functionality.

Fig. 1 R&S®TS8997 regulatory test system for wireless devices.
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Block diagram of the R&S®TS8997
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In addition, the standards require automated test procedures. 
While the previous version (V1.7.1) of ETSI EN 300328 still 
allowed users to conduct tests manually using a spectrum 
analyzer, the current version (V1.8.1) stipulates that the rele-
vant parameter values have to be determined from millions 
of individual measured values. Some of the tests are multi-
staged, and in some cases the results of a measurement are 
needed for the next measurement. This calls for software-
based test procedures.

R&S®TS8997 test system  
covering all certification requirements
The R&S®TS8997 test system (Figs. 1 and 2) covers all tests 
mandatory for the 2.4 GHz and 5 GHz bands (Fig. 3). It con-
tains the following components:
 ❙ R&S®FSL or R&S®FSV signal and spectrum analyzer
 ❙ R&S®OSP120 open switch and control platform with special 
measurement module

 ❙ R&S®SMB100A RF and microwave signal generator
 ❙ R&S®SMBV100A vector signal generator
 ❙ R&S®EMC32 measurement software with the 
R&S®EMC32-K97 and -K10 measurement options

IMST GmbH, a German radio competence center, sup-
ported Rohde&Schwarz during the specification of the indi-
vidual test sequences and verification of the test cases for 

Test case

2.4 GHz band 
(ETSI  
EN 300328)

5 GHz band 
(ETSI  
EN 301893)

Carrier frequency accuracy – ●

RF output power ● ●

Transmit power control (TPC) – ●

Spectral power density ● ●

Duty cycle, TX sequence, TX gap ● –

Dwell time, minimum frequency occu-
pation, hopping sequence (only for fre-
quency-hopping DUTs)

● –

Hopping frequency separation ● –

Medium utilization (MU) factor ● –

Adaptivity ● ●

Occupied channel bandwidth ● ●

Transmitter unwanted emissions in the 
out-of-band domain

● ●1)

Transmitter unwanted emissions, in-band 
domain

– ●

Transmitter unwanted emissions in the 
spurious domain

● –

Receiver spurious emissions (RSE) ● ●1)

Receiver blocking ● –

Dynamic frequency selection (DFS) / radar 
detection

● –

1) For spurious emission measurements above 18 GHz, the RF cable needs to be 
manually replugged.

Fig. 3 Test cases covered by the R&S®TS8997 regulatory test system.

Fig. 2 Block diagram 

of the R&S®TS8997 

regulatory test sys-

tem. All power mea-

surement functional-

ity is integrated in a spe-

cially developed module, 

the R&S®OSP-B157 for 

the R&S®OSP120 open 

switch and control plat-

form. This module also 

handles path switch-

ing and RF signal con-

ditioning for the power 

measurements and, as 

far as possible, other 
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Spectrum of a frequency-hopping DUT
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compliance with ETSI EN 300328 using the R&S®TS8997. 
IMST GmbH has extensive experience with the relevant tests 
and operates a test lab which is accredited according to the 
R&TTE Directive. It also actively participates in the ETSI stan-
dardization processes.

Special standard-compliant power measurements
The standard calls for a special procedure for fast, wide-
band power measurements with a high sampling rate of 
≥ 1 Msample/s, sufficiently high resolution and an uninter-
rupted measurement time of several seconds. This could be 
done using special analog detectors and a suitable oscillo-
scope. However, this would require data acquisition and anal-
ysis software specially tailored to the oscilloscope and capa-
ble of efficiently processing several million measured values. 

With the R&S®TS8997, all power measurement functionality is 
integrated into a specially developed module (R&S®OSP-B157) 
for the R&S®OSP120 open switch and control platform. This 
module also handles path switching and RF signal condition-
ing for the power measurements and, as far as possible, other 
tests. Featuring large memory depth and a high sampling rate, 
the module delivers accurate measurements for any type of 
signal, e.g. for complex signals with slow repetition rates. The 
R&S®EMC32 measurement software handles test sequence 
control as well as result analysis and display.

Support of multiple antenna systems
An increasing number of wireless devices use multiple anten-
nas for MIMO or beamforming. For these devices, it is essen-
tial that power measurements be perfectly time- synchronized 
and uninterrupted. The R&S®TS8997 regulatory test system 
is designed to handle four-channel power measurements 
and therefore supports measurements on all commonly used 
devices, e.g. WLAN routers with 4×4 MIMO. The parallel A/D 
converters are clocked synchronously.

High-resolution measurements 
The ETSI EN 300328 standard requires up to 30000 analyzer 
sweep points. The R&S®FSL or R&S®FSV analyzer used in 
the test system meets this requirement. Tests performed on 
real DUTs, however, have shown that the number of points 
required by the standard is not sufficient for some radio tech-
nologies, resulting in higher measurement uncertainty. The 
R&S®TS8997 is therefore ready to provide an additional, alter-
native test mode with typically one million points. This mode 
can be enabled as a software option as soon as a revised ver-
sion of the standard is adopted.

Automated test sequences
The test sequences and analysis routines required by the stan-
dards are implemented in the R&S®EMC32-K97 / -K971 / 
-K972 / -K973 options for the R&S®EMC32 measurement soft-
ware. The software is used in many test houses to carry out 
EMC, radiated spurious emission (RSE) and equivalent iso-
tropic radiated power (EIRP) measurements, and can now be 
used for these measurements as well. This results in consis-
tent, integrated test procedures that are useful, for example, 
when conducted values have to be calculated from measured 
radiated EIRP values, or the other way round.

The software options also handle the automated execution of 
all test sequences, including querying of the relevant parame-
ters for the devices and radio standards (Fig. 5). This is helpful 
for the user, since specific tests are only required for specific 
standards, and in some cases the results of a measurement 
are used in the next one. To set up a radio link to the DUT, 
either a Rohde&Schwarz wideband radio communication tes-
ter, e.g. the R&S®CMW500, or a golden device is used.

Upgrading existing systems to the  
R&S®TS8997 regulatory test system
The R&S®EMC32 measurement software comes with a large 
number of device drivers, making it possible to use other, 
equivalent Rohde&Schwarz instruments that the user may 
already have in service as an alternative to a turnkey test sys-
tem. Other systems, for example those used by  development 
labs for other tests, can also be used. Existing EMC sys-
tems can be easily expanded with the R&S®TS8997 specific 
R&S®OSP module and, if necessary, additional instruments. 

Fig. 4 Typical spectrum of a frequency-hopping DUT in the 2.4 GHz band.
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Fig. 5 R&S®TS8997 GUI for the automated execution of the test cases implemented in the R&S®EMC32 measurement software.

Summary
The R&S®TS8997 regulatory test system for wireless devices 
is the world’s first full-featured solution to support the mea-
surements and test automation for the test cases stipulated 
by ETSI EN 300328 V1.8.1 and ETSI EN 301893 V1.7.1 under 
the R&TTE Directive. Test automation, handled by the widely 
used R&S®EMC32 measurement software, helps users carry 
out the tests efficiently. Existing EMC test systems can be 
upgraded to the R&S®TS8997 regulatory test system. 

Edgard Vangeel, Chairman of ETSI TG11, appreciates that 
“the R&S®TS8997 from Rohde&Schwarz implements the new 
standard, making it a success for test houses and the indus-
try as a whole”. 

Michael Steinmüller; Frank Tofahrn (IMST GmbH)
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