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PRODUCT FLYER 

WLAN Test Toolkit 
Visit the WLAN Test Toolkit product page 

 

 Characterize and validate the latest 802.11ax devices with waveform generation and analysis 
 Generate and measure also 802.11a/b/g/n/ac and 802.11j/p/ah/af signals 
 Obtain fast and reliable wideband measurements with NI PXI Vector Signal Transceivers, without 

compromising modulation quality and spectral results  
 Achieve rigorous EVM measurements with better than -50 dB residual EVM performance 
 Simplify automation with an extensive toolkit API for LabVIEW, C/C++, and .NET 

Built for WLAN Characterization Test and Measurement 
The WLAN Test Toolkit gives you direct and fine control over the generation and analysis of IEEE 
802.11a/b/g/n/ac and ax waveforms, as well as 802.11j/p/ah/af waveforms, with industry-leading speed 
and accuracy. Use the WLAN Test Toolkit to characterize a variety of WLAN connectivity products, such 
as RF front end components, wireless modules, and user devices. 

The WLAN Test Toolkit gives you the flexibility to control your measurement system manually with the 
toolkit’s generation and analysis soft-front panels, as well as to automate your bench with an extensive 
system design software API for LabVIEW, C, or .NET.  You’ll benefit also from a large collection of 
available example code when programming and automating your 802.11 measurement systems. 

Characterize your device with the toolkit’s extensive support for the latest features of the 802.11ax 
standard, including extended single-user packets, multiuser OFDMA, and multiuser multiple input, 
multiple output (MIMO) functionality with per-user configuration and measurement results. The WLAN 
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Test Toolkit helps you solve demanding new access point test cases by generating signals that simulate 
multiuser environments. You can also generate trigger frames to test the real-time response of client 
devices and make power precorrection and relative center frequency measurements. 
 
With the WLAN Test Toolkit and NI’s latest PXI Vector Signal Transceiver, you can configure up to 8x8 
MIMO systems in a single PXI chassis, and achieve EVM measurements better than -50 dB (on packets 
ax using MCS11), leading to reliable device characterization and test results.  

Soft Front Panels 
Generation 
You can use the WLAN test toolkit’s soft front panel (SFP) to generate and analyze 802.11 WLAN 
signals.  The WLAN generation SFP gives you fine control over many different PPDU settings to produce 
various types of WLAN packets: a/b/g/j/ah/af/ac and also 802.11ax with downlink and uplink single user 
and multi-user PPDUs of variable payloads and lengths.  Using the generation SFP you can control 
multiple vector signal generators and define the number of spatial streams for multi-channel MIMO 
systems.  It also simplifies the resource unit allocation of multi-user OFDMA packets. Furthermore, adding 
signal impairments such as noise, IQ imbalance, skew, and DC offset becomes easy with the SFP’s built-
in impairments functionality.  

 

Figure 1 WLAN Test Toolkit Generation Soft Front Panel 

Analysis 
For signal analysis, the WLAN analysis SFP includes spectral and demodulation measurements of WLAN 
waveforms.  You can configure the WLAN analysis SFP to trigger waveform acquisition and find the best 
reference level for proper performance, or you can manually set the reference levels that best suit your 
measurement needs.  Moreover, the SFP can automatically detect the type of 802.11 packets it’s 
analyzing, as well as their bandwidth, modulation type, and resource unit allocation (in the case of 
802.11ax signals).  Like the generation SFP, the analysis SFP also allows you to control multiple vector 
analyzers for MIMO setups. 

With the WLAN Analysis SFP you can conveniently perform offline analysis of previously acquired 
signals, while you are away from the test bench. 
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Figure 2 WLAN Test Toolkit Analysis Soft Front Panel 

Both generation and analysis SFPs allow you to save WLAN settings; hardware and measurement 
configurations to a file; and measurement results for later analysis. This makes it easy to share settings, 
acquired waveforms and parametric results with other users or load them into the SFP to start or resume 
your WLAN testing right away.  

Application Programming Interface (API) 
The WLAN Test Toolkit includes an extensive API for LabVIEW, C, and .NET, with which you can create 
custom code for all kinds of test scenarios and bench automation.  The API gives you fine control over the 
WLAN packets and it includes a comprehensive library of example code to get you started quickly on all 
the different WLAN measurements for the various types of packets, including 802.11ax. 

Example code snippet of C API for waveform analysis: 

niWLANA_RFSAMIMOMeasure(aSession, rfsaSession, NULL, 1,10); 

niWLANA_GetOFDMDemodMCSIndex(aSession,NULL,&detectedMCSIndex); 

niWLANA_GetOFDMDemodFECCodingType(aSession,NULL,&detectedFECCodingType); 

niWLANA_GetOFDMDemodGuardInterval(aSession,NULL,&detectedGuardInterval); 
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Figure 3 Example of a custom LabVIEW Front Panel for waveform generation 

 

 

Figure 4 Code snippet of LabVIEW API for waveform analysis 
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Key Features 
IEEE 802.11a/b/g/j/n/p/af/ah/ac/ax 

Single-user, multi-user MIMO and multi-user OFDMA for 802.11ax 
Along with the extensive DSSS and OFDM PHY test capabilities for existing 802.11 implementations, the 
WLAN Test Toolkit includes new signal generation and analysis capabilities corresponding to the current 
RF PHY test cases for 802.11ax.  You can go beyond specified measurement configurations and perform 
custom manipulation of 802.11ax waveforms for extensive device characterization.   

To increase the average per-user data throughput in crowded environments, the new 802.11ax version of 
the standard, called High-Efficiency Wireless (HEW), introduces, among other features, two key changes 
to the standard: 4x more subcarriers and Orthogonal Frequency Division Multiple Access (OFDMA) 
technology to subdivide the channel into multiple resource units (RUs), allocated to multiple simultaneous 
users.  However, the standard keeps the same channel bandwidths as 802.11ac (20, 40, 80 and 160 
MHz).  Furthermore, the standard now defines downlink and uplink multi-user MIMO and multi-user 
OFDMA operation, or a combination of both.   

The WLAN Test Toolkit supports new configurations, such as: 

• 20 / 40 / 80 / 80+80 and 160 MHz channels 

• Up to 8x8 MIMO 

• Single user, extended single-user packets 

• DL MU-MIMO 

• DL OFDMA 

• UL OFDMA 

• Trigger Frame Generation/Analysis 

•  Dual Carrier Modulation, Space-Time Block Coding 

•  Resource Unit and MCS auto-detection for Trigger-based PPDU 

•  2x/4x HE LTF 

 

Figure 5 8x8 MIMO solution in a single PXIe chassis 
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Fast and Accurate Measurements 
Combine the WLAN Test Toolkit with the second-generation PXIe-5840 vector signal transceiver to setup 
802.11ax measurements systems that achieve best-in-class EVM results and spectral measurements in 
record time: 

 

Figure 6 WLAN 802.11ax Measured RMS EVM (dB) versus Measured Average Power (dBm) 

RF Output loopback to RF Input; waveform bandwidth: 80 MHz; MCS Index: 11; LO Offset: -250 MHz; device instantaneous 
bandwidth: 1 GHz; External LO: PXIe-5653 

 

 

Table 1 Typical EVM measurement results using impairment estimation and error checks 

Packet 
Type 

Bandwidth/Modulation Mean EVM EVM Measurement 
Time (ms) 

EVM Time (ms)          
10 Averages 

802.11b 20 MHz, DSSS (@ 2.412 GHz) 0.17% 19 172 

802.11n 40 MHz, MCS 7 (@ 5.18 GHz) -53 dB 15 132 

802.11ac 80 MHz, MCS 9 (@ 5.18 GHz) -51 dB 17 151 

802.11ax 80 MHz, MCS 11 (@ 5.18 GHz) -51 dB 27 254 

 

In special cases, you can configure the toolkit for very fast EVM measurements that don’t require carrier 
frequency offset and sample clock offset correction between the generator and the analyzer.  For 
example, use this fast EVM measurement methodology for power amplifier (PA) testing with the Vector 
Signal Transceiver.  The vector signal generator on the VST feeds the RF signal to the PA device under 
test (DUT), and the vector signal analyzer on the same VST acquires and measures the amplified 
waveform. Since both generator and analyzer share common clock and frequency references, the fast 
EVM method includes disabling parameters that don’t affect modulation quality to produce faster 
measurement results. 
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Table 2 Typical measurement speeds of the fast EVM procedure 

Packet 
Type 

Bandwidth/Modulation Mean EVM Fast EVM Measurement 
Time (ms) 

Fast EVM Time (ms) 
10 Averages 

802.11b 20 MHz, DSSS (@ 2.412 GHz) 0.17% 19 167 

802.11n 40 MHz, MCS 7 (@ 5.18 GHz) -53 dB 14 117 

802.11ac 80 MHz, MCS 9 (@ 5.18 GHz) -51 dB 15 120 

802.11ax 80 MHz, MCS 11 (@ 5.18 GHz) -51 dB 20 169 

 

Table 3 Typical Spectral Error Mask measurement times 

Packet 
Type 

Bandwidth/Modulation SEM Measurement Time 
(ms) 

SEM Time (ms)      
10 averages 

802.11b 20 MHz, DSSS (@ 2.412 GHz) 50 364 

802.11n 40 MHz, MCS 7 (@ 5.18 GHz) 82 654 

802.11ac 80 MHz, MCS 9 (@ 5.18 GHz) 153 1394 

802.11ax 80 MHz, MCS 11 (@ 5.18 GHz) 365 3426 
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Supported Measurements 
The WLAN Test Toolkit allows you to take WLAN transmitter measurements in the time, frequency, and 
modulation domains for IEEE 802.11a,b,g, j, p signals, 802.11n 20 MHz and 40 MHz signals, 802.11ac 
and 802.11ax 20/40/80/160 MHz and 80+80 MHz signals with all modulation formats. The following table 
shows the test requirements of the IEEE 802.11 Standard.  

Table 4 WLAN Transmitter Tests 

 802.11 PHY Tests 802.11b 802.11a/g/j/p 802.11n 802.11ac 802.11ax 

WLAN Transmitter Tests           

Transmit power x x x x x 

Spectrum mask x x x x x 

Transmission spurs Note 1 Note 1 Note 1 Note 1 Note 1 

Center frequency tolerance x x x x x 

Symbol Clock Frequency Tolerance x x x x x 

Power Rise/Fall x N/A N/A N/A N/A 

Carrier suppression x N/A N/A N/A N/A 

Center frequency leakage N/A x x x x 

Spectral flatness N/A x x x x 

Constellation error x x x x x 

Modulation accuracy x x x x x 

Out-of-band spurious emission Note 1 Note 1 Note 1 Note 1 Note 1 

 Note 1: Performed using spectrum analysis with the instrument 

Table 5 WLAN Receiver Tests 

802.11 PHY Tests 802.11b 802.11a/g/j/p 802.11n 802.11ac 802.11ax 

WLAN Receiver Tests           

Sensitivity x x x x x 

Maximum input level x x x x x 

Adjacent channel rejection x x x x x 

Non-adjacent channel rejection N/A x x x x 

Clear channel assessment x x x x x 
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Measurement Results and Visualization 
The WLAN Test Toolkit gives you a whole host of additional measurements and analysis tools, available 
with the press of a button on the Soft-Front Panels.  You can also automate these measurements using 
the Toolkit’s extensive API.   

Table 6  List of WLAN Measurements that the WLAN Toolkit provides 

Measurement 802.11b 802.11a/g/j/p 802.11n 802.11ah/af 802.11ac 802.11ax 

Modulation Quality             

RMS EVM  x x x x x x 

Peak EVM  x x x x x x 

Pilot EVM  N/A x x x x x 

Data EVM N/A x x x x x 

EVM per symbol N/A x x x x x 

EVM per subcarrier N/A x x x x x 

EVM per user N/A N/A N/A N/A x x 

1K chips EVM x N/A N/A N/A N/A N/A 

Number of symbols used x x x x x x 

Frequency error x x x x x x 

Chip clock error x N/A N/A N/A N/A N/A 

Symbol clock error N/A x x x x x 

I/Q origin offset (CFL) N/A x x x x x 

Quadrature skew x x x x x x 

I/Q gain imbalance x x x x x x 

Carrier suppression x N/A N/A N/A N/A N/A 

Average burst power x x x x x x 

Peak burst power x x x x x x 

Preamble frequency error N/A x x x x x 

         

Spectral             

Channel power x x x x x x 

Occupied bandwidth x x x x x x 

Adjacent Channel Power x x x x x x 

CCDF x x x x x x 

Spectrum emission mask (SEM) x x x x x x 

Average burst power x x x x x x 

Average burst power with idle time x x x x x x 

Power vs. time x x x x x x 

Spectral flatness N/A  x x x x x 

I/Q waveform x x x x x x 
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Measurement 802.11b 802.11a/g/j/p 802.11n 802.11ah/af 802.11ac 802.11ax 

Packet             

Packet auto-detection x x x x x x 

Modulation format x x x x x x 

Data rate x x x x x x 

Header signaling fields x x x x x x 

Payload length (bytes) x x x x x x 

Guard Interval  N/A x x x x x 

MPDU aggregation N/A   N/A  N/A   x x x 

Effective data rate x x x x x x 

Resource Unit Allocation N/A  N/A   N/A  N/A    N/A  x 

CRC pass x x x x x x 

Decoding x x x x x x 
 

The new 802.11ax standard also specifies multi-user uplink operation, for which the standard has defined 
new trigger packets.  The following table shows the measurements that the WLAN Test Toolkit can make 
for trigger-based PPDUs. 

Table 7  Measurements of Trigger-based PPDUs 

Measurement 802.11b 802.11a/g/j/p 802.11n 802.11ah/af 802.11ac 802.11ax 

Trigger-based PPDU             

Transmit Power Pre-correction 
Accuracy N/A N/A N/A N/A N/A x 

Absolute Transmit Power Accuracy N/A N/A N/A N/A N/A x 

RSSI Measurement Accuracy N/A N/A N/A N/A N/A x 

Relative Transmit Power Accuracy N/A N/A N/A N/A N/A x 
Relative Center Frequency and 
Symbol Clock Frequency Accuracy N/A N/A N/A N/A N/A x 

Timing Accuracy N/A N/A N/A N/A N/A x 
 

Supported Hardware 
Instrument Real-Time Bandwidth 

PXIe-5644 Vector Signal Transceiver Up to 80 MHz 

PXIe-5645 Vector Signal Transceiver with 
Baseband IQ input and output 

Up to 80 MHz 

PXIe-5646 Vector Signal Transceiver Up to 200 MHz  

PXIe-5840 Vector Signal Transceiver Up to 1 GHz 

PXIe-5668 Vector Signal Analyzer Up to 765 MHz 
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The WLAN Test Toolkit, combined with NI’s Vector Signal Transceivers, provides an extensive and 
advanced demodulation analysis and modulation waveform creator solution for characterization of the 
latest IEEE 802.11 WLAN devices. 

Visit our WLAN Test Toolkit page: http://sine.ni.com/nips/cds/view/p/lang/en/nid/210570 

 

Platform-Based Approach to Test and Measurement 
What is PXI? 
Powered by software, PXI is a rugged PC-based platform for measurement and automation systems. PXI 
combines PCI electrical-bus features with the modular, Eurocard packaging of CompactPCI and then 
adds specialized synchronization buses and key software features. PXI is both a high-performance and 
low-cost deployment platform for applications such as manufacturing test, military and aerospace, 
machine monitoring, automotive, and industrial test. Developed in 1997 and launched in 1998, PXI is an 
open industry standard governed by the PXI Systems Alliance (PXISA), a group of more than 70 
companies chartered to promote the PXI standard, ensure interoperability, and maintain the PXI 
specification. 

 

 

 

Integrating the Latest Commercial Technology 
By leveraging the latest commercial technology for our products, we can continually deliver high-
performance and high-quality products to our users at a competitive price. The latest PCI Express Gen 3 
switches deliver higher data throughput, the latest Intel multicore processors facilitate faster and more 
efficient parallel (multisite) testing, the latest FPGAs from Xilinx help to push signal processing algorithms 
to the edge to accelerate measurements, and the latest data converters from TI and ADI continually 
increase the measurement range and performance of our instrumentation. 
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Hardware Services 
All NI hardware includes a one-year warranty for basic repair coverage, and calibration in adherence to NI 
specifications prior to shipment. PXI Systems also include basic assembly and a functional test. NI offers 
additional entitlements to improve uptime and lower maintenance costs with service programs for 
hardware. Learn more at ni.com/services/hardware.  

 

 Standard Premium Description 

Program Duration 3 or 5 years 3 or 5 years Length of service program 

Extended Repair 
Coverage ● ● NI restores your device’s functionality and includes firmware updates 

and calibration. 

System Configuration, 
Assembly, and Test1 ● ● NI technicians assemble, install software in, and test your system per 

your custom configuration prior to shipment. 

Advanced Replacement2  ● NI stocks spares for your use at your nearest NI Service Center. 

System RMA1  ● NI accepts the delivery of fully assembled systems when performing 
repair services. 

Calibration Plan (Optional) Standard Expedited3 NI performs the requested level of calibration with discounts up to 25% 
when included in a Service Program. 

 
1This option is only available for PXI, CompactRIO, and CompactDAQ systems. 
2This option is not available for all products in all countries. Contact your local NI sales engineer to confirm availability.  
3Expedited calibration only includes traceable levels. 
 

PremiumPlus Service Program 
NI can customize the offerings listed above, or offer additional entitlements such as on-site calibration, NI 
Managed Sparing, and Life-Cycle services through a PremiumPlus Service Program. Contact your NI 
sales representative to learn more.  

  

Technical Support 
Every NI system includes a 30-day trial for phone and e-mail support from NI engineers, which can be 
extended through a Software Service Program (SSP) membership. NI has more than 400 support 
engineers available around the globe to provide local support in more than 30 languages. Additionally, 
take advantage of NI’s award winning online resources and communities.   
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