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Rohde & Schwarz solution 
Considering a device under test (DUT) with a reference 
signal (sref) at its input, the measured signal (smeas) on the 
R&S®FSW contains noise contributions from the signal 
path up to the R&S®FSW input (external contributions) and 
instrument inherent noise (see figure below). 

Your task 
Recent developments in cellular and noncellular standards 
show a clear trend toward increased signal bandwidths 
and increased modulation orders. This directly affects the 
EVM performance requirements for the devices under test 
and for the test equipment. For example, the most recent 
version of the IEEE 802.11be standard doubled the maxi-
mum bandwidth from 160 MHz to 320 MHz and relies on 
modulation orders up to 4096QAM. Consequently, this 
standard sets the EVM limit when using a 4096QAM  
modulation to –38 dB, which is significantly more strin-
gent than the limits in previous Wi-Fi® standards. Since 
this limit applies at the system level, the EVM require-
ments at the component level have to be even more strin-
gent to ensure that the overall EVM at the system level is 
standard-compliant. Therefore, Wi-Fi® amplifier and chip 
manufacturers expect signal and spectrum analyzers with 
a residual EVM between –53 dB and –55 dB to ensure 
that they have a sufficient margin for reliable component 
characterization.

EVM performance requirements are also becoming more 
stringent in 5G over-the-air test scenarios, where the sig-
nal levels are usually very low due to high free-space path 
loss. The EVM performance of the signal and spectrum 
analyzer has to be good enough to handle these kinds of 
signal levels.

These requirements represent a real challenge, even for 
a high-end instrument with outstanding RF performance 
such as the R&S®FSW signal and spectrum analyzer. 
Demand for enhancements to improve the EVM perfor-
mance is increasing considerably.

OPTIMIZE YOUR SIGNAL AND SPECTRUM ANALYZER TO 
ADDRESS THE MOST STRINGENT EVM REQUIREMENTS
How I/Q noise cancellation can help significantly improve the EVM performance of your signal and 
spectrum analyzer.

Fig. 1: Noise contributions in the measured signal

This wideband receiver noise is one of the major contribu-
tors to the residual EVM of signal and spectrum analyzers 
and scales up with increasing bandwidth. To remove this 
noise, the R&S®FSW can be equipped with the 
R&S®FSW-K575 I/Q noise cancellation option. This soft-
ware option corrects the signal in such a way that it only 
contains external noise contributions (those not caused by 
the instrument), i.e.:
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With the R&S®FSW-K575 I/Q noise cancellation option the 
following will be proceeded:

 ► It first performs a single capture smeas. As shown in  
Fig. 1, this includes all noise contributions, i.e.:

 ► In case of a repetitive signal, it can be easily shown that 
averaging the measured signal over multiple captures 
can remove the total noise almost completely, i.e. 
ideally (where savg is the signal after averaging): 

 ► Above equations show that the total noise (ntotal) can be 
derived from the available measurements: 

 ► The total noise power (Ntotal) can be easily calculated 
from ntotal. Furthermore, the receiver noise power (NRX) 
can be measured against a terminated R&S®FSW input. 
This measurement is performed internally without any 
need to change the measurement setup. 

 ► Since Ntotal and NRX are now known, the ratio of 
external noise to total noise power can be determined:

 ► Based on this, the external noise (nexternal) is:

 ► The corrected signal can then be derived:

Fig. 2 summarizes the complete signal and spectrum ana-
lyzer procedure.

 

 

  

 

𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐺𝐺 ⋅ 𝑠𝑠𝑟𝑟𝑚𝑚𝑟𝑟 + 𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑚𝑚𝑡𝑡 

 

 

  

 

𝑠𝑠𝑎𝑎𝑎𝑎𝑎𝑎 = 𝐺𝐺 ⋅ 𝑠𝑠𝑟𝑟𝑟𝑟𝑟𝑟 

 

 

  

 

𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑠𝑠𝑚𝑚𝑚𝑚𝑡𝑡𝑚𝑚 − 𝑠𝑠𝑡𝑡𝑎𝑎𝑎𝑎 

 

 

  

 
𝑤𝑤2 = 𝑁𝑁𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

𝑁𝑁𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒
= 𝑁𝑁𝑒𝑒𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑁𝑁𝑅𝑅𝑅𝑅
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𝑛𝑛𝑒𝑒𝑥𝑥𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑤𝑤 ⋅ 𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 
                  = 𝑤𝑤 ⋅ (𝑠𝑠𝑚𝑚𝑒𝑒𝑡𝑡𝑚𝑚 − 𝑠𝑠𝑡𝑡𝑎𝑎𝑎𝑎) 
 

 

  

 

𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝐺𝐺 ⋅ 𝑠𝑠𝑐𝑐𝑐𝑐𝑟𝑟 + 𝑛𝑛𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒𝑒𝑒 
                   = 𝑠𝑠𝑒𝑒𝑎𝑎𝑎𝑎    + 𝑤𝑤 ⋅ (𝑠𝑠𝑚𝑚𝑐𝑐𝑒𝑒𝑚𝑚 − 𝑠𝑠𝑒𝑒𝑎𝑎𝑎𝑎) 

Impact on measurement results
By removing the instrument inherent wideband noise, the 
R&S®FSW-K575 I/Q noise cancellation option can signifi-
cantly reduce the residual EVM of the R&S®FSW, espe-
cially for low-input power levels where EVM is mainly 
dominated by the wideband noise. Fig. 3 shows an exam-
ple of the R&S®FSW residual EVM improvement for a  
320 MHz wide IEEE 802.11be signal at 6.905 GHz.

Fig. 2: I/Q noise cancellation procedure

Fig. 3: Residual EVM over signal power for a 320 MHz wide  
IEEE 802.11be signal at 6.905 GHz (modulation order 
4096QAM)

In the approach outlined above, the R&S®FSW-K575 
applies noise cancellation to the raw I/Q data and can 
provide the corrected signal to a multitude of analyzer 
software applications. It can therefore improve not only 
the EVM, but all measurements supported by these 
applications. 

Summary
The R&S®FSW-K575 I/Q noise cancellation option helps 
the R&S®FSW better address the most stringent EVM per-
formance requirements with a simple software upgrade 
instead of changes to the instrument’s hardware. Thanks 
to its generic nature, this option can be used in other 
measurement applications and improves all supported 
measurements.

Wi-Fi® is a registered trademark of the Wi-Fi Alliance®.
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