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At the push of a button: signal analysis 
in line with WLAN 802.11ac
The R&S®FSW signal and spectrum analyzer can measure signals in line with the IEEE 802.11ac WLAN stan-

dard with an accuracy that was previously unattainable in these bandwidths. In order to do this, it needs to 

be equipped with the R&S®FSW-K91 / -K91AC options.

All measurements for the new WLAN standard
Today’s laptops and smartphones support the IEEE 802.11g 
or 802.11n standard for WLAN access to the Internet. How-
ever, more recent applications, such as video transmission 
in HD quality, require higher data rates than can be achieved 
with previous methods. To meet this demand, the IEEE 802.11 
task group started defining the 802.11ac [1] standard about 
four years ago. This standard provides for significantly faster 
data rates, is backward compatible with older standards such 
as 802.11a and 802.11n and, like these older standards, also 
works in the 5 GHz band.

In order to achieve all of these objectives, the 802.11ac stan-
dard is based on orthogonal frequency division  multiplexing 
(OFDM), as are 802.11a and 802.11n. However, 802.11ac 
delivers four times the bandwidth of 802.11n (up to 160 MHz) 
with the OFDM method. 256QAM modulation and up to eight 
multiple input multiple output (MIMO) data streams are also 
available. These expansions as well as more efficient informa-
tion transmission make it possible to achieve data rates of up 
to 3.5 Gbits/s. 

Semiconductor manufacturers are currently developing the 
first functional chipsets for the 80 MHz bandwidth. Com-
mercially available WLAN modules for the new standard are 
expected at the end of this year, and 160 MHz modules will 

come on the market approximately one year later. During this 
start-up phase there is a high demand for suitable test equip-
ment – both in development labs and also for the production 
of first small-scale batches.

To ensure that transmitters work in line with the 802.11ac 
standard, a comprehensive range of measurements is 
required. Whereas spectral properties such as spectrum emis-
sion mask (SEM) or adjacent channel leakage ratio (ACLR) 
can be measured with a mid-range spectrum analyzer, it is 
a special challenge to measure the modulation character-
istics – because the signal, with its entire bandwidth of up 
to 160 MHz, has to be recorded and demodulated. A sig-
nal analyzer has to have an analysis bandwidth of 160 MHz, 
its frequency response must be as linear as possible across 
this range, and it must have an excellent dynamic range in 
order to measure, for example, the error vector magnitude 
(EVM), a parameter that describes the modulation quality. For 
256QAM, for instance, the standard specifies a minimum 
EVM of –32 dB. In order to reliably measure this, the resid-
ual EVM of the measuring instrument, i.e. the error vector 
that is generated by the instrument itself, should be at least 
10 dB better. The residual EVM is caused by the phase noise 
of the local oscillator, unwanted interference and other inter-
nal noise sources such as amplifiers and switches. An EVM 
of < –40 dB at a bandwidth of 160 MHz is difficult to achieve 

The R&S®FSW signal and spectrum analyzer was the first analyzer 
on the market to offer a signal analysis bandwidth of 160 MHz. 
Its measurement functions, such as the multistandard radio ana-
lyzer, are essential to developers of mobile radio base stations in 
line with multiple standards or frequency-hopping radio systems 
and their components. Developers and manufacturers in the A&D 
segment will particularly appreciate the R&S®FSW’s low phase 
noise, the signal analysis bandwidth and the pulse measurement 
option. And everyone will appreciate the convenient touchscreen 
operation.
A detailed article about the R&S®FSW can be found in  
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with mid-range analyzers. Developers of chipsets, compo-
nents and modules for IEEE 802.11ac therefore require high-
end test and measurement equipment in their labs.

The R&S®FSW signal and spectrum analyzer can measure 
these signals at the push of a button when equipped with 
the R&S®FSW-K91 (measurements in line with 802.11a / 
b / g) and R&S®FSW-K91AC (measurements in line with 
802.11ac) options. It can also be used to perform all spec-
tral measurements defined in the standard. Equipped with the 
R&S®FSW-B160 option, it can record and demodulate an up 
to 160 MHz wide 802.11ac signal and measure its modulation 

Fig. 1 Typical measurement of an 

802.11ac WLAN signal. The user 

can conveniently  configure the 

screen display in order to see the 

signal in the time domain where 

valid bursts are highlighted in 

green, to view a tabular list of mod-

ulation characteristics, and to look 

at the constellation diagram or 

other measuring parameters such 

as EVM versus frequency or time.

Fig. 2 802.11ac WLAN signal with 

an EVM of –32 dB.

quality and other I/Q-based parameters such as spectrum flat-
ness, I/Q frequency error and center frequency error. It also 
has no problems with a residual EVM of < –45 dB thanks to 
its outstanding RF characteristics.

Measurements are extremely easy to perform: Simply set 
the transmit frequency and push a button to start the mea-
surement. The R&S®FSW automatically determines the other 
parameters, such as the bandwidth and modulation type. 
Fig. 1 shows a typical measurement of an 802.11ac signal 
with 160 MHz bandwidth. The user can conveniently con-
figure the versatile screen display. This flexibility makes it 
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possible to choose how results are displayed to show all 
important measurement parameters at a glance. It is no lon-
ger necessary to switch between different windows or mea-
suring modes. The R&S®FSW features an extremely low resid-
ual EVM. In the example, a value of –46 dBc was measured 
on an 802.11ac signal originating from Rohde&Schwarz sig-
nal generators. 

As a comparison, Fig. 2 shows a signal with an EVM of 
–32 dB. The points in the constellation diagram are signifi-
cantly more scattered, and further deterioration of the signal 
quality would lead to bit errors. A measuring instrument with 
a too high residual EVM would display a worse reading, and 
would classify the properly functioning WLAN module in this 
example as inadequate. Mistakes of this kind cannot happen 
with the R&S®FSW signal and spectrum analyzer. The ana-
lyzer performs this measurement in less than 50 ms, making 
it extremely interesting for use in production.

As a spectrum analyzer it can use the spectral masks defined 
in the standard in order to measure whether a WLAN appli-
cation interferes with other transmission standards (Fig. 3). It 
can also be used to determine whether the adjacent  channel 
power is correct to minimize mutual interference within the 
band. The R&S®FSW measures the signal in line with the 
measurement limits specified in the standard. After the sig-
nal is demodulated, the bandwidth and performance class are 
selected automatically.

To examine several transmission paths, e.g. for MIMO  signals, 
multiple R&S®FSW can measure in parallel and then  analyze 
the signal. In the case of repetitive signals, the analyzer can 
sequentially record the signals from each transmit antenna 
and then analyze them, and the measurement paths can be 
changed either manually or automatically using an R&S®OSP 
switch and control platform.

Summary
160 MHz analysis bandwidth combined with previously unat-
tainable measuring quality make the R&S®FSW a unique tool 
for measuring signals in line with IEEE 802.11ac, a tool that is 
also extremely easy to use. Rohde & Schwarz also offers sig-
nal generators for generating 160 MHz wide signals in line 
with this standard [2], providing a complete measuring pack-
age for this new standard.

Dr. Wolfgang Wendler

Fig. 3 Spectrum emission 

mask measurement on a WLAN 

transmitter.
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