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Coexistence in a crowded spectrum requires that today’s wireless 
systems, as well as their parts and subsystems, meet stringent standards 
and corresponding internal test specifications to prevent excessive 
intermodulation distortion and RF interference. When designing and 
building wireless systems, parts, and subsystems, it is necessary to test 
the limits of your design and to validate compliance to the latest spectrum 
emission standards. These standards have become highly complex, both 
in terms of test configuration and the measurements required. 

The first step in verifying compliance is building a test solution that 
provides confidence in results when making measurements to identify 
intermodulation distortion and RF interference. At the heart of this 
solution there must be a signal analyzer platform that is cost-efficient, yet 
able to provide the required measurement capabilities to test the limits of 
the latest devices and meet these stringent standards. In this application 
brief, we will break down the key steps for selecting and optimizing a 
signal analyzer that will give you confidence that you’ll be able to not only 
meet standards requirements, but in many cases, exceed them.
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Making Spectrum Emissions Measurements to Ensure 
Standards-Compliance 

Step 1: Select the right signal analyzer 
Modern signal analyzers are built to meet the complexity of today’s signals and wireless 
standards, with impressive signal processing power and computational capabilities, as well 
as wide digitizing bandwidths. They cover a range of measurements from basic spectrum to 
advanced digital demodulation and offer software that dramatically simplifies measurement 
setup and improves speed.

For wireless spectrum emissions measurements, the most important parameters to consider 
include spurious-free dynamic range, intermodoulation distortions, frequency range, sensitivity 
(including available preamplifiers to enhance it for measuring low powered input signals near 
the noise floor), and the availability of measurement applications to match the standards you’re 
working on. The intermodulation distortions in many of wireless systems primarily result from 
the third-order intermodulation, which is often specified by the third-order intercept (TOI). 
Maximum analysis bandwidth may also be important for making fast adjacent channel power 
ratio (ACPR) measurements using hardware acceleration and for finding transient or other 
time-varying spurious emissions, intermodulation distortion, and RF interference.

Parameter Important For:

Spurious-free dynamic range, TOI, Second 
harmonic intercept (SHI)

Measurements where large signals such as active carriers are present and prevent the use of 
preamplifiers and minimal attenuation to improve sensitivity.

Sensitivity, displayed average noise level (DANL) Minimizing the contribution of the analyzer’s own noise when measuring very small signals. 
Sensitivity is maximized when input attenuation is minimized, generally when no large signals are 
present. To mitigate any errors due to mismatch at low input attenuator settings, use an attenuation 
of 2 dB or more.

Amplitude accuracy, including absolute, flatness, 
linearity 

Measurement accuracy for both high and low level signals over wide measurement spans.  Spurious 
and spectrum emission mask (SEM) measurements are typically made over a wide frequency span 
and amplitude range.

Phase noise

(Specified for a given carrier frequency & offset)

Measuring the performance of oscillators used in the wireless system. Clean oscillators are most 
important for minimizing inter-carrier interference in systems with closely spaced subcarriers such 
as OFDM, and being able to separate low level signals that are close-in to the carrier.

Frequency range Measuring up to the highest frequencies in the signal under test and the range of harmonics 
and spurious emission that must be tested. For future needs, consider the coverage required for 
operation in higher frequency bands or an expansion in standards-required frequency coverage.

Analysis bandwidth Fast ACPR measurements, real-time analysis and time capture for time-varying distortion and 
RF interference, demodulation of wideband signals including carrier aggregation, and multiple 
channels. This is the analysis bandwidth of the intermediate frequency (IF) section of the analyzer 
and its associated ADC.  Consider the evolution of future signal standards to wider modulation and/
or multi-carrier schemes.

Available measurement application software General and standard-specific spectrum analysis and demodulation capability: 

 – Automating general spectrum measurements such as phase noise, noise figure, channel power 
and adjacent channel power 

 – Testing to wireless standards, such as LTE, wireless networking, or 5G, with the main functions 
being automated measurement setup, conformance testing, and digital modulation quality 
measurements
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The availability of up-to-date measurement applications to handle complex wireless 
standards is an important consideration for systems involving multiple radios in a 
single device. Measurement applications allow a signal analyzer platform to evolve with 
wireless standards.

Figure 1. This cumulative adjacent channel leakage ratio (CALCR) measurement is configured for non-contiguous 
carrier aggregation in LTE-Advanced, and includes pass/fail testing.
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Step 2: Optimize your signal analyzer
Knowing how to optimize instrument settings and measurement techniques can go a long way 
toward meeting measurement needs that would otherwise require a higher performance, higher 
cost instrument. A fundamental driver of measurement setup is the tradeoff between measure-
ment time and uncertainty in the results. Contributions to measurement uncertainty include 
analyzer amplitude accuracy, repeatability, signal-to-noise ratio (affected by sensitivity of the 
analyzer), and frequency accuracy. The following steps will help you optimize measurement 
setup to get the best performance from a mid-range signal analyzer without unnecessarily long 
measurement times, in situations where the best dynamic range or sensitivity is a priority.

For more information on optimizing dynamic range, sensitivity, and measurement time, see 
chapters 5 and 6 of Keysight Application Note 150 Spectrum Analysis Basics.

Choose the minimum attenuation that provides an acceptable level of 
signal analyzer-generated harmonic and intermodulation distortion
Minimizing attenuation in general provides maximum sensitivity, and in most applications the 
optimum attenuation value will depend on the largest signals present. When the analyzer 
must handle large signals such as RF carriers, its second harmonic distortion and third-order 
intermodulation distortion, specified by second harmonic intercept (SHI) and third-order 
intercept (TOI) respectively, performance will be critical. It is important to understand that 
2nd and 3rd order distortion levels are not the same, and vary differently with attenuation and 
signal levels as you can see by the location and slope of the red curves in Figure 1. 

As you can see in Figure 2, the attenuation values to optimize 2nd order harmonic and 3rd 
order intermodulation distortion will be different, and should be set according to the signals 
of interest in the application. In many measurements for wireless applications the 3rd order 
intermodulation distortion products are of the most concern because they can occur in various 
combinations near carrier frequencies.

As an alternative to calculations and graphs, attenuation can be set experimentally for a spe-
cific measurement setup and analyzer. If the displayed value of distortion components stays the 
same when attenuation is changed, the harmonic and/or intermodulation distortion products 
are part of the signal under test. If not, the harmonic and/or intermodulation distortion prod-
ucts are internally generated or are some combination of internal and external distortion.  

Figure 2. Distortion contributed by the analyzer is shown by the red lines, while the noise floor of the analyzer is indicated 
by the green line.  The maximum dynamic range is obtained when attenuation is chosen to match the distortion with the 
noise floor.

http://literature.cdn.keysight.com/litweb/pdf/5952-0292.pdf?id=1000000159:epsg:apn
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Figure 3. As shown by the red curves, reducing RBW by a factor of 10 reduces the analyzer noise floor by 10 dB.  
This allows smaller signals to be separated from noise, but can increase sweep time significantly.

Select a resolution bandwidth that provides sufficiently low displayed 
average noise level (DANL)
The principal way to lower the analyzer noise floor in a measurement is to reduce the resolution 
bandwidth (RBW). After attenuation is chosen, the RBW can be reduced to yield a signal 
analyzer noise floor consistent with the relevant distortion limits and the desired signal-to-
noise ratio as shown in Figure 3.

For example, an increase in the attenuation setting to reduce analyzer-generated harmonic and 
intermodulation distortion to an acceptable value may increase the analyzer’s effective noise 
floor. The noise floor can then be reduced as needed through the use of a narrower RBW. Note 
that you may need to optimize the attenuation (mixer level) again after reducing the RBW in 
order to achieve the best dynamic range possible.
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Solve measurement speed problems with preamplifiers, noise power 
subtraction techniques, and fast sweep processing
Several additional tools are available to improve signal analyzer’s noise floor. In the absence 
of large signals, measurement sensitivity can be dramatically improved by adding internal or 
external preamplification, with no impact on measurement speed. For spectrum measurements, 
it is important that the preamplifier not be overloaded by larger signals, and that its noise figure 
be low enough that the system noise figure (preamplifier/signal analyzer combination) is better 
than that of the analyzer alone. Internal preamplifiers are available for most signal analyzers, 
and have the advantage of easy switching in and out of the input circuit, as measurement 
conditions change. 

External preamplifiers may also be used, and offer the opportunity to optimize noise floor in a 
specific measurement through careful choice of gain, noise figure, and frequency range. 

Advanced signal processing can expand the performance-speed envelope to meet require-
ments without the need to upgrade to a higher performance analyzer. Some signal analyzers 
such as the Keysight X-Series signal analyzers can use stored information about their noise 
floor to subtract their noise power contribution from the measurement in all  configurations 
automatically, yielding an 8-10 dB improvement in DANL.

Signal processing can also be used to dramatically increase sweep speed for narrow RBWs, 
compensating for the amplitude, frequency, and phase errors that would otherwise occur. The 
fast sweep techniques adopted in the Keysight X-Series signal analyzers can reduce sweep 
times by a factor of approximately 50.
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Figure 4. Example RTSA density display with infrequent spur as shown at marker 1. The spur violates the 
frequency mask (green shading) and the resulting trigger can initiate a measurement or signal capture.

Step 3: Find and measure time-varying spurious and RF interference 
signals to get insight into your spectrum emissions
Many wireless signals are time-varying by design, including time-division multiplexed (TDMA) 
schemes, frequency hopping, and dynamic power control. Advanced, high speed digital signal 
processing (DSP), fundamental to modern wireless systems and a critical element of improving 
RF performance, is central to both the challenges and solutions related to time-varying signals.  

Real-time spectrum analysis (RTSA) is a DSP-enabled signal analyzer capability or tool for 
discovering and measuring time-varying spurious and RF interference signals. Within RTSA 
mode, the analyzer calculates thousands of overlapping spectra each second in order to catch 
even the shortest transient events. RTSA can be combined with frequency mask triggering 
(FMT) to ensure that no signals or transient events are missed, no matter how brief or rare. As 
shown in Figure 4 the green shaded frequency mask allows the RTSA to ignore the expected 
multicarrier signal and focus on the transient spurious signal.

In situations where the pulse or burst pattern is known and asynchronous signals are not a 
concern, time-gated spectrum analysis can be used to make a swept spectrum measurement 
where sweeping and signal measurements are enabled when a signal is present, and inhibited 
when it is not.

If time-varying spurious and RF interference signals have been detected or suspected, it is 
important to understand their variability or periodicity, correlate them with other signals or 
system activity, and thereby link cause and effect. The primary tool you should consider using 
for these operations is vector signal analysis software, which uses a signal analyzer as an RF/
microwave sampling platform and processes complex (vector) data from the signal analyzer’s 
wideband IF for analysis in the time, frequency, and modulation domains. 

The software allows for gap-free signal capture and playback, which is particularly useful for 
understanding transients, and can be used with FMT to provide complete analysis of any event, 
even those that are brief and single-shot.
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Meet Stringent Spectrum Emissions Standards with 
Keysight’s MXA X-Series Signal Analyzer

Keysight’s MXA signal analyzer is the best balance of cost and performance in a signal 
analyzer for wireless spectrum measurements. Its core performance can be enhanced 
for speed and dynamic range by options such as Noise Floor Extension (NFE), fast 
sweep, and internal preamplifiers to match its full frequency range. RTSA and VSA 
software options provide the ability to detect and identify elusive or time-varying signals.  
Standard-specific measurement applications support current and evolving wireless 
standards, automating setups and measurements that conform to the standards.  
Post-purchase upgrades are available for virtually all frequency ranges, bandwidths, 
CPU, and features, to ensure that MXA signal analyzers remain productive for years in 
the evolving wireless environment.

N9020B MXA Signal Analyzer Configuration for Wireless Spectrum Measurements

Step 1. Select maximum frequency range (required option)

Frequency options (select one) Option Description

503 10 Hz to 3.6 GHz

508 10 Hz to 8.4 GHz

513 10 Hz to 13.6 GHz

526 10 Hz to 26.5 GHz

Step 2. Add a preamplifier

Preamplifier options (select one) P03 100 kHz to 3.6 GHz

P08 100 kHz to 8.4 GHz

P13 100 kHz to 13.6 GHz

P26 100 kHz to 26.5 GHz

Step 3. Choose analysis bandwidth

Analysis bandwidth options (select one) B1A 125 MHz

B1X 160 MHz

B40 40 MHz

B85 85 MHz

Step 4. Select software for testing the latest wireless standards

LTE/LTE-A FDD Measurement Application, Multi-touch UI N9080C

LTE-Advanced TDD Measurement Application, Multi-touch UI N9082C

W-CDMA/HSPA/HSPA+ Measurement Application, Multi-touch UI N9073C

Real-time spectrum recorder and analyzer application1 RTR

89600 VSA software for advanced multi-domain/standards 
analysis

89601B

Other options

Microwave preselector bypass MPB

Real-time spectrum analysis options (select one)1 RT1 Up to 160 MHz BW, 
basic detection

RT2 Up to 160 MHz BW, 
optimum detection

Frequency mask trigger (select one)1 FT12 Basic detection

FT23 Optimum detection

Fast power FP2 Up To 40 MHz BW

Noise floor extension (NFE) NF2

Digital Processor (includes fast sweep capability) DP2 2 GB capture memory

Keysight software is downloadable 
expertise. From first simulation 
through first customer shipment,  
we deliver the tools your team  
needs to accelerate from data to 
information to actionable insight.

Learn more at

www.keysight.com/find/software

Start with a 30-day free trial. 

www.keysight.com/find/free_trials

 – Electronic design automation 

(EDA) software

 – Application software

 – Programming environments

 – Utility software

Download your  
next insight

1. Requires B85 or wider analysis 
BW option.

2. Included with Option RT1.
3. Included with Option RT2
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