
WHITE PAPER

5 New Features and Test 
Challenges for 802.11ax

http://www.keysight.com


Introduction
Consumer demand for wireless data access and throughput has grown steadily since wireless local-
area networks (WLAN) first became popular with the adoption of the IEEE 802.11b standard in 1999. 
Today, users expect widespread availability of high speed WLAN to support data-intensive applications 
such as video streaming, gaming, and virtual reality. The number of WLAN-enabled devices sharing 
a network has also increased greatly, with PCs, smartphones, tablets, cameras, TVs, and smart home 
devices being common in-home environments.

Over the years, updates to the 802.11 standards have brought improvements in the maximum data 
rates for WLAN. 802.11a/g increased the speed from the original 11 Mbps of 802.11b to 54 Mbps. 
802.11n (High Throughput or HT specification) increased the rate of 1 stream to 150 Mbps, and also 
introduced the idea of MIMO (multiple input, multiple output antennas) to transmit up to 4 streams for 
600 Mbps maximum data throughput. 802.11ac (Very High Throughput or VHT specification) increased 
the data rate for 1 stream to 866.7 Mbps, and allows up to 8 streams, for a theoretical maximum data 
rate of 6.93 Gbps. However, the reality is that especially in crowded environments such as airports 
and stadiums, users commonly experience far slower data rates. The new 802.11ax standard (High 
Efficiency or HE specification) aims to provide better spectral efficiency, capacity, and coverage in 
dense deployment scenarios as well as outdoor environments, with a goal to improve the average 
throughput per station by at least 4x compared to 802.11ac. Let’s take a look at five new features in 
802.11ax that enable these improvements.
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Figure 1. Comparison of subcarrier spacing and OFDM symbol length for 802.11n/ac vs. 802.11ax.
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New Features in 802.11ax

Feature 1: Narrower subcarrier spacing and longer symbols 
improve spectral efficiency and coverage

802.11ax increases the FFT size by 4 times compared to 802.11ac. This reduces the subcarrier spacing 
to 78.125 kHz, which is 25% of the 312.5 kHz subcarrier spacing for 802.11ac, enabling transmission of 
more data within the same channel bandwidth for higher spectral efficiency. The orthogonal frequency 
domain multiplexing (OFDM) symbol duration is 4 times longer at 12.8 μs instead of 3.2 μs. Longer 
symbols provide a longer guard interval, which allows better performance and coverage in outdoor 
environments and scenarios with fading. A new type of packet called the High Efficiency Extended 
Range Single User Physical layer Protocol Data Unit (HE ER SU PPDU) has been added to support 
outdoor applications.
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Figure 2. Channel allocations in 6 GHz band.
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Feature 3: OFDMA enables multi-user mode

The 802.11a standard introduced the use of OFDM into the WLAN standards, where multiple 
subcarriers within the entire channel bandwidth are used to transmit a packet to one user at a time. 
This can be a waste of spectrum resources if there isn’t sufficient data to require the full spectrum.

802.11ax is the first WLAN standard to use orthogonal frequency domain multiple access (OFDMA) to 
enable transmissions with multiple users at the same time. This technology has been used in other 
standards including WiMAX and LTE, and is also being used in 5G NR. With OFDMA, the bandwidth 
is divided into resource units (RUs) of various sizes, and different numbers and sizes of RUs can be 
allocated to transmissions to different users, based on the data throughput requirements. The size of 
an RU can be 26, 52, 106, 242, 484, 996, or 2x996 tones or subcarriers, and the location of the RUs is 
defined for 20 MHz, 40 MHz, and 80 MHz channels. The 80 MHz RU structure is used for each  
80 MHz segment of one 160 MHz or 80+80 MHz transmission. Figure 4 shows the location of RUs for 
an 80 MHz channel.

Feature 2: Operation in more frequency bands

While 802.11ac only operates in the 5 GHz band, 802.11ax operates in both the 2.4 and 5 GHz bands, 
allowing WLAN devices to have improved performance and efficiency in both frequency bands. In 
addition, the 802.11ax Task Group has defined a new 6 GHz band that extends the frequency range 
up to 7.125 GHz. The 6 GHz band includes channel center frequencies that are defined at every 5 MHz 
beginning at 5.940 GHz.
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Figure 3. Comparison of OFDM and OFDMA.
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Figure 4. Location of RUs in an 80 MHz bandwidth transmission.
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A downlink transmission can use the High Efficiency Multi-User (HE MU) packet structure to transmit 
using OFDMA, multi-user MIMO (MU-MIMO), or both. Up to 8 spatial streams can be used to support 
up to 8 users, compared to support for 4 users in 802.11ac. A new HE-SIG-B field has been added 
to the preamble of an HE multi-user packet. This field includes the RU allocation for multiple WLAN 
stations (STAs), along with the configuration details for each user such as the modulation and coding 
schemes (MCS), number of spatial streams, and station ID.

Figure 5. Format of HE Multi-User (MU) PPDU.
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Feature 4: Uplink efficiency improved with OFDMA and 
scheduling

Past WLAN standards have used carrier-sense multiple access, where a STA had to check if the 
channel was clear of transmissions before transmitting its data, and if the channel was occupied, it 
had to wait a certain amount of time before trying to transmit again. This process becomes inefficient 
when larger numbers of users are sharing a network, or when a STA unnecessarily waits to transmit 
because it senses transmissions from an adjacent network.

802.11ax addresses this inefficiency by allowing multiple STAs to transmit at the same time using 
OFDMA, and having the access point (AP) schedule and initiate the uplink transmissions. The AP 
transmits a Trigger Frame to initiate the uplink transmissions. The Trigger Frame indicates which 
STAs are transmitting, the transmission length, and user-specific information such as power level, RU 
allocation, and MCS to use. All of the designated STAs respond with their data transmissions following 
a short interframe space (SIFS) time period, which is 10 μs for the 2.4 GHz band or 16 μs for the 5 GHz 
band. These transmissions happen at the same time, using the HE Trigger-Based PPDU frame format, 
and the packet length is the same for all of the STAs. The AP then transmits an acknowledgement of 
the uplink (UL) packets received.
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Figure 6. Uplink OFDMA using Trigger Frame.
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Since multiple STAs are transmitting at the same time, the STAs need to have pre-corrections for 
carrier frequency offset (CFO) and sampling clock errors to prevent inter-carrier interference, and 
power pre-correction to control interference. The standard includes requirements on the STA’s 
transmit power accuracy and measurement accuracy for the received signal strength indicator (RSSI).

Feature 5: 1024QAM modulation increases data 
throughput

802.11ac required support for up to 256QAM modulation, which transmits 8 bits per symbol. 802.11ax 
adds the usage of 1024QAM modulation, which transmits 10 bits per symbol, to increase the data 
throughput. The combination of this modulation type and 8 spatial streams provides a maximum 
theoretical data rate of 9607.8 Mbps, compared with 6933.3 Mbps for 802.11ac.
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New Test Challenges for 802.11ax
Realizing the full benefit of the new features in 802.11ax requires changes in the way that device 
manufacturers, service providers, and enterprises validate and optimize WLAN devices and 
infrastructure. Let’s examine five new test challenges that result from the feature changes and how to 
address them.

Test Challenge 1: 1024QAM requires better EVM

With 1024QAM, the constellation points are much closer together, so better EVM (error vector 
magnitude) performance is required in the transmitter and receiver for correct demodulation. The 
802.11ax standard requires < −35 dB EVM for 1024QAM, compared to < −32 dB for 256QAM. Device 
manufacturers frequently design for performance that is 5 to 10 dB better than the requirement, and 
additional margin is desired in the test equipment used to verify this performance.

Keysight offers a range of benchtop and PXIe signal generators and signal analyzers that provide 
EVM performance up to −52 dB, suitable for design and verification testing as well as testing of 
components such as power amplifiers and front-end modules. One example is the M9421A VXT Vector 
Transceiver PXIe module, which offers up to −50 dB EVM on the source and −49 dB (nominal) on the 
receiver for an 80 MHz bandwidth 802.11ax signal at 5.8 GHz.

Figure 7. 1024QAM EVM measurement of −50 dB using Keysight’s M9421A VXT Vector Transceiver PXIe module and N9077EM1E 
WLAN Measurement Application.
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Test Challenge 2: Verifying downlink OFDMA and  
MU-MIMO

OFDMA introduces many possibilities for configuration of 802.11ax packets, and these may have 
different peak-to-average power ratios, EVM, and spectrum characteristics. Thorough testing of 
a design requires the ability to test the device using a variety of different packet configurations. 
Keysight’s N7617B Signal Studio for WLAN enables users to create a variety of HE PPDUs, allocate 
different RUs to different users, and configure parameters such as power level, MCS, and MIMO. 
For validation of 802.11ax transmitters, the 89600 VSA option BHX and the N9077EM1E WLAN 
Measurement Applications can automatically decode the HE-SIG-B field in the preamble, detect the 
RU allocations to configure demodulation, and display the EVM and power results for each user.

Figure 8 shows the settings in Signal Studio for configuring an OFDMA signal that includes 4 RUs, 
with MU-MIMO that includes up to 4 users in one RU, with up to 3 spatial streams for some users. 
Figure 9 shows the measurement of this HE MU PPDU using the 89600 VSA software. The “OFDM RU 
Info” window on the upper right lists the 4 color-coded RUs and provides the EVM, subcarrier range, 
RU size, power level, total number of users, and total number of streams for each RU. The “OFDM 
Multi-User Info” window below that lists each user in each RU, and for each user, it shows the EVM, 
MCS, modulation format, number of streams, power, station ID, whether dual carrier modulation 
(DCM) is used, type of coding, and whether beamforming is used.

Figure 8. Signal Studio setup for OFDMA HE MU PPDU.
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Figure 9. 89600 VSA measurement of packet using OFDMA with MU-MIMO.

Test Challenge 3: Uplink OFDMA in-band emissions

When uplink OFDMA is used to enable multi-user operation, each participating STA transmits 
simultaneously using a different portion of the available subcarriers in the channel. To ensure that 
the multiple STAs do not interfere with each other, it is necessary to measure the in-band emissions 
generated by the STA in the unused carriers. Signal Studio can be used to generate a Trigger Frame, 
allowing a signal generator to emulate an access point and direct the STA under test to transmit 
an HE Trigger Based PPDU with a specified RU allocation. The 89600, N9077EM1E, or V9077EM1E 
applications provide the in-band emissions test, which measures both the EVM of the transmitted RU 
as well as the EVM of the unused subcarriers to verify that they fall below the limits.
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Figure 10. Uplink in-band emission measurement.

Test Challenge 4: Testing WLAN performance with channel 
emulation

It can be difficult and time-consuming to try to validate the real-world performance of some 802.11ax 
features such as spatial multiplexing, beamforming, and MU-MIMO with empirical testing. This 
performance can be tested more easily in the lab by using channel emulation to simulate real-world 
fading and multipath conditions. Keysight’s Propsim F8 Channel Emulator offers RF-to-RF fading 
with 160 MHz bandwidth up to 6 GHz and supports 8x8 MIMO. Figure 11 shows some example test 
applications.

The Propsim application software provides a WLAN channel model tool to simplify the test design 
and verification of MIMO performance of WLAN products. The graphical user interface (GUI) provides 
configuration of the access point (AP) and its antenna elements and multiple clients. 802.11 WLAN 
channel models are included in the software. For more complex scenarios, the Geometric Channel 
Modeling (GCM) tool can be used to create user-defined 3D spatial scenarios and dynamic modeling of 
movement, with simulated or measured antenna patterns. Propsim is a flexible tool that also supports 
channel emulation for 4G/5G cellular and V2X scenarios.
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Figure 11. WLAN test cases with channel emulation.
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Figure 12. Propsim WLAN channel model software user interface.
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Test Challenge 5: Testing WLAN network performance 
and quality covering Layers 1 to 7

The promise of 802.11ax is to provide 4x throughput improvement of an average station in a dense 
scenario. 802.11ax achieves that through new complex medium access control (MAC) layer control 
between APs and STAs. Validating downlink (DL) and UL multi-user OFDMA with MAC trigger 
operation requires automated, repeatable, high-load client simulation with extensive simulation 
control and debugging capabilities, and full message decoding and visibility into the physical (PHY) 
and MAC layers. In addition, to ensure quality of service in real-world environments, infrastructure-
class networks need to be tested for the increased throughput and capacity of 802.11ax under a 
variety of loading conditions. Simulation of hundreds of clients with Layer 7 voice, video, and data 
user applications while the AP is fully stressed will ensure robust hardware that’s necessary to 
support the future capacity growth of Wi-Fi. Finally, the impact of legacy 802.11a/b/g/n/ac clients on 
802.11ax networks must be thoroughly validated.

Keysight’s IxVeriWave Wi-Fi test platform provides the industry’s highest client load and the test 
suites needed to validate these new technologies. Users get message-by-message visibility from 
the RF layer all the way up to the application layer—vital for 802.11ax MU-OF DMA validation. 
IxVeriWave is the world’s most advanced MU-MIMO test solution, powered by independently 
developed 802.11 hardware that allows simulation of up to 2,000 unique Wi-Fi clients per blade. 
The table below provides a summary of the modular IxVeriWave software suite. Figure 13 shows an 
example test configuration with IxVeriWave running on a host PC, controlling a WaveTest chassis 
containing two blades.
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Figure 13. Typical Wi-Fi test configuration.
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Test suite Product name Description

Benchmark WaveApps Industry-standard AP benchmarking of throughput, capacity, 
packet loss, roaming, and other key metrics.

Real-World 
Ecosystem

WaveQoE Validate WLAN handling of modeled real-world ecosystems 
including routers, gateways, switches, and application/WAN 
accelerators, with different mixes of applications and traffic. 
Add interference such as corrupted frames or RF interference.

Functional 
Test

WaveDynamix Functional and negative testing through granular test control 
and extensive statistics. Includes analysis of MU or SU-MIMO.

RF Analysis WaveAnalyze Comprehensive Wi-Fi vector signal analysis (VSA) with real-
time capture of every frame, with 15 key measurements 
including EVM and MU-MIMO beamforming accuracy.

RF 
Generation

WaveGen Complete Wi-Fi RF vector generation for up to 4x4 MIMO with 
any combination of 802.11a/b/g/n/ac frames, with channel 
models applied per packet.

DFS 
Certification

WaveDFS DFS certification with automated radar pulse generation.

BYOD Scale ATA AppLibrary Automated long-duration, high-scale testing with real traffic 
and fingerprinted clients. Monitor session and get detailed 
application and device performance.

Automation WaveAutomation Automation of benchmark and real-world ecosystem tests.
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Conclusion
802.11ax introduces a number of new features and challenges for improving the efficiency, capacity, 
and coverage of WLAN networks, especially in high density and outdoor environments. Narrower 
subcarrier spacing and 1024QAM modulation require better RF performance from both WLAN 
devices and test equipment. Features such as OFDMA and MU-MIMO increase the number of packet 
configurations and test scenarios that need to be used to thoroughly validate a device. In addition 
to physical-layer testing, network-level testing is also needed to verify interactions between APs and 
STAs as well as the performance of features such as MU-MIMO and beamforming under real-world 
conditions.

Keysight leads the market in testing of 802.11ax devices and networks throughout the product life 
cycle. Our solutions enable testing in design, verification, and manufacturing of components such 
as power amplifiers and front-end modules, as well as access points, STAs, and IoT devices. Keysight 
is your partner of choice, whether your testing requires –50 dB EVM performance, robust 802.11ax 
packet generation, OFDMA and MU-MIMO verification, UL in-band emissions measurement, or 
simulation of real-world fading and multipath conditions. Rely on Keysight to provide the industry-
leading performance, accuracy, and functionality required to validate the wireless networks of today 
and tomorrow.
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Summary of Keysight Solutions for 802.11ax

Application software

Simulation

W4523E PathWave WiFi And Connectivity Library 
https://www.keysight.com/us/en/product/W4523E/
pathwave-wifi-and-connectivity-library.html

Signal Generation

N7617B/C Signal Studio for WLAN 
www.keysight.com/find/signalstudio

Signal Analysis

• 89600 VSA Software 
www.keysight.com/find/vsa

• N9077EM1E WLAN Measurement Application 
www.keysight.com/find/xseriesapps

• V9077EM1E WLAN Waveform and Measurement 
Application 
https://www.keysight.com/us/en/products/software/
application-sw/wireless-test-platform-software/x-series-
measurement-applications-for-exm.html

Signal Generators

• N5172B EXG Vector Signal Generator
• N5182B MXG Vector Signal Generator 

www.keysight.com/find/mxg

5 New Features and Test Challenges for 802.11ax    |    16

http://www.keysight.com/find/signalstudio
http://www.keysight.com/find/vsa
http://www.keysight.com/find/xseriesapps
http://www.keysight.com/find/mxg
http://www.keysight.com


Application software

Signal Analyzers

X-Series Signal Analyzers

• N9020A/B MXA Signal Analyzer
• N9032B PXA Signal Analyzer
• N9042B UXA Signal Analyzer 

www.keysight.com/find/x-series

Combination Vector Signal Generator + Analyzer

M9421A VXT PXIe Vector Transceiver 
www.keysight.com/find/m9421a

E6640A EXM Wireless Test Set 
www.keysight.com/find/exm

System Performance Test Tools

Propsim F8 Channel Emulator 
www.keysight.com/find/propsim

 

IxVeriWave Platform 
https://www.keysight.com/us/en/products/network-
test/protocol-load-test/ixveriwave.html

Keysight enables innovators to push the boundaries of engineering by quickly solving 
design, emulation, and test challenges to create the best product experiences. Start your 
innovation journey at www.keysight.com.
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