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Normative Citation

According to the IEEE 802.11mc specification, this standard provides a series of home Wi-

The following documents are essential for the application of this document. All dated reference

Fi performance test cases for IEEE 802.11n/ac implementation and corresponding pass/fail

documents are only applicable to this document. The latest version (including all amendments) of

requirements.

any undated reference document is applicable to this document.

The main objective of this standard is to provide a set of test cases and frameworks to validate the
performance between an AP (for example, a client device with Wi-Fi) and one or more terminals
(such as PC, mobile phones). Test cases are defined for the device under test (AP-only, terminal
performance is not considered in this standard), for one or a group of terminals for testing. The
device to be tested should not be a reference design and should contain the necessary system
functionality to execute the test plan (see Chapter 5).
The technical content of this standard includes test setup information, device configuration
requirements, test procedures, and pass / fail requirements for each test case. Specific
manufacturer information for testing and measurement is not included in this document unless

• IEEE 802.11（IEEE standard for Information technology-Telecommunications and information
exchange between systems Local and metropolitan area networks- Specific requirements
Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specifications
specification）
• BBF TR-126 Triple-play Services Quality of Experience (QoE)
• BBF TR-398 Wi-Fi In-Premises Performance Tesing
• CCSA 2017-0950T-YD User experience assessment for broadband video services

the selection or use of alternative equipment may have a negative impact on test results.
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Technical
Requirement

The following terms definition applies to this standard.
Wi-Fi

The name created and registered by the Wi-Fi alliance is used to describe
technology based on IEEE 802.11 standard.

The following abbreviations apply to this document.
AP

Access Point

DHCP

Dynamic Host Configuration Protocol

DTIM

Delivery Traffic Indication Message

IEEE

Institute of Electrical and Electronics Engineers

IP

Internet Protocol

Home gateways are the cornerstone for building home networks with best video experience.
Wi-Fi signals can be flexibly extended through various media such as Ethernet cables,
power cables, wireless repeaters, and Wi-Fi networks utilizing 802.11ac technology,
effectively solving home Wi-Fi coverage and performance problems. In addition, Mesh home
networks deliver key features such as intelligent synchronization of network parameters,
seamless roaming of terminals, Wi-Fi channel adjustment on the entire network, and QoS
of 4K over Wi-Fi, achieving intelligent coverage and optimal video experience of home Wi-Fi
networks.

LAN

Local Area Network

MAC

Media Access Control

MTU

Maximum Transmission Unit

4.1 Specifications Requirements on Home Gateways and APs

NSS

Number of Spatial Stream

The hardware configurations and specifications of gateways and APs are critical to the

QoS

Quality of Service

performance and quality of home networks. For example, the CPU, memory, flash, and Wi-Fi

RSSI

Receive Signal Strength Indicator

specifications have great impact on the forwarding performance and Wi-Fi throughput. Lightning

SSID

Service Set Identifier

TCP

Transmission Control Protocol

TR

Technical Report

UDP

User Datagram Protocol

VLAN

Virtual Local Area Network

WAN

Wide Area Network

WLAN

Wireless Local Area Network

WMM

Wi-Fi Multimedia

WPA

Wi-Fi Protected Access

03

protection and energy conservation are important for security and stability, and smart gateways
can support future smart home services. Table 4-1 describes the specifications requirements on
home gateways and APs.
Table 4-1 Specifications of home gateways and APs

Item

Home Gateway Specifications

AP Specifications

Memory

256 MB or more

64 MB or more

Flash

128 MB or more

64 MB or more

Wi-Fi specifications

Higher than 2 x 2 802.11ac + 2 x 2
802.11n

Higher than 2 x 2 802.11ac + 2 x 2
802.11n

NNI

GPON/XG-PON/10G EPON/1GE

1GE/5 GHz Wi-Fi/PLC
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UNI

2/4 x GE+2.4 GHz Wi-Fi+
5 GHz Wi-Fi

1 x GE+2.4 GHz Wi-Fi+
5 GHz Wi-Fi

Antenna gain

Higher than 2 dBi

Higher than 2 dBi

Wi-Fi channel
adjustment

Automatic adjustment

Automatic channel adjustment, and
channel adjustment controlled by
smart gateways

Proactive Wi-Fi
roaming

STA roaming based on 802.11k or
802.11v
Roaming decision center

STA roaming based on 802.11k or
802.11v

Video transmission

Video packet priority marking, and
support for
Wi-Fi MultimediaTM (WMM®)

Support for WMM. Support 802.1Q VLAN；
2 levels data isolation for different VLAN；
Support VLAN transparent transmission，
Support transparent transmission both tag
and untag packets.
Support IGMP/MLD（Multicast Listener
Discovery）SNOOPING,The multicast
protocol conforms to IGMP V2 and MLD
(Multicast Listener Discovery) V1 version
protocol requirements.

Figure 4-1 Periodic and automatic Wi-Fi optimization

Gateway

AP
Issues channel monitoring
parameters such as the RF system,
transmit power, scanned channels,
and channel scanning parameters.

Periodic adjustment
timer reaches a
specified time.

Switches to the device mode, scans
channels, and obtains neighboring AP
parameters (RSSI, packet loss, operating
channel, BSSID, and user number).
Conducts frequency data analysis to
match non-Wi-Fi characteristics.

Figure 4-2 Event-triggered Wi-Fi optimization

Gateway

AP
Detects an unauthorized AP with thresholdcrossing interference.
According to frequency data analysis, detects
a non-Wi-Fi device with threshold-crossing
interference.
BER exceeds the threshold.

Sends data to the gateway and requests for local
adjustment.

Sends the Wi-Fi interference and
non-Wi-Fi interference of each channel.

Starts local adjustment (adjusts
the channel, power, and CCA
threshold for the current AP while
keeping the same channels and
power for other APs.)

Global adjustment algorithms cover
all global channel combinations
and select the channel combination
with the minimum interference.

Band steering

5 GHz with preference over
2.4 GHz

5 GHz with preference over 2.4 GHz

Beamforming

Beamforming and directive sending

Beamforming and directive sending

Service provisioning

Existing provisioning modes of carriers

Plug-and-play without need of
configuration

The purpose of intelligent power management is to ensure a balance between the maximum

Intelligent operating
system

Open Services Gateway Initiative (OSGi)

N/A

coverage and minimum interference with the external. A strong-coverage area and a weak-

Remote management
and maintenance

Home network management based on
plug-ins

Management by smart gateways

Energy conservation

Wi-Fi energy conservation mode

Wi-Fi energy conservation mode

Lightning protection

4 kV

4 kV

CE certification

Required

Required

Wi-Fi Alliance®
certification

Required

Required

Issues data on new channels and transmit power.

Issues data on new channels and transmit power.

coverage area need to be defined based on the room layout and services. For example, in
2.4 GHz channels, an area with signal strength over –70 dbm is defined as the strong-coverage
area, and an area with signal strength in range of –90 dbm to –70 dbm is defined as the weakcoverage area. The strong-coverage area must cover the major terminal service points of an
AP. If a neighboring AP is out of the coverage area, the coverage may be insufficient. Deploy as
many neighboring APs as possible in the weak-coverage area to ensure overlapping coverage
to a specific degree. Do not install neighboring APs in the strong-coverage area. Otherwise, it is

4.2 Performance Requirements of Home Wi-Fi Networks

difficult to allocate channels without any conflict. If required, increase or decrease the coverage
areas by adjusting the transmit power of an AP.

4.2.1 Intelligent Channel Management
Only 3 unique channels are available on the 2.4 GHz frequency band, and all APs must select

Figure 4-3 Intelligent power management

among the 3 channels. Physically neighboring APs, however, must use different channels.

Out-of-coverage area

Although there are many 5 GHz channels, the channel-and-power relationship of neighboring

Weak-coverage area

APs must be properly processed. When intelligent channel management is not available, a user

Strongcoverage area

needs to manually configure the channel and power of each AP. The configuration process is
complex. In addition, after the environment changes, the configured channel and power of an AP
may no longer meet the requirements. To simplify the configuration process, a global function of
intelligent channel and power adjustment is important.

05

For example, when a distributed AP is added, the transmit
power of the gateway and other APs can be decreased to
prevent unnecessary external interference. When a distributed
AP is faulty, the transmit power of the gateway and other APs

AP
Neighboring
AP
Neighboring
AP

can be increased to enhance the coverage.
Larger data traffic volume and higher transmit power
cause greater interference to the external. Therefore, if the
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performance meets the requirements with a low traffic and bit error rate (BER), the transmit
power can be decreased appropriately. When the data traffic increases or the BER increases, the
transmit power needs to be increased appropriately.

4.2.3 Intelligent Terminal Guidance
Band steering: When a terminal supports 2 frequency bands (2.4 GHz and 5 GHz), the gateway
or AP directs the terminal to a proper frequency band according to the congestion status of the

A gateway or AP can perform per-packet power control. A gateway and an AP detect the signal

2 frequency bands, the service characteristics of the terminal, and the received signal strength

strength of each terminal in real time. If the signal strength of a terminal (near the AP) is stronger

indicator (RSSI) strength of the 2 frequency bands of the terminal.

than the power control target value, the actual transmit power is decreased when a packet is sent

Figure 4-5 Working principle of band steering

to the terminal. If the signal strength of a terminal (far from the AP) is less than the target value,
2.4G

the transmit power is increased when a packet is sent.

5G

4.2.2 Dynamic Anti-Interference

The AP directs the dual-band terminal to a band with light load.

In a dense high-rise residential environment, it is difficult to find an idle channel. When an AP

Dual-band
terminal

has to use a congested channel, dynamic adjustment based on clear channel assessment (CCA)

Service set identifier (SSID) steering: When a terminal can connect to multiple SSIDs, the gateway

can be used to improve the interference tolerance of the system. An AP or terminal determines

or AP directs the terminal to the most suitable SSID based on the congestion status of each SSID

whether a channel is idle by performing energy detection on the channel.

for the purpose of load balancing.
Figure 4-6 Working principle of SSID steering

Figure 4-4 CCA assessment

P(dBm)
Channel busy
Channel vacancy

SSID1
CCA(dBm)
SSID2

Channel 1

Terminal
The AP directs the terminal to an SSID with light load.

The description is as follows:
• When the energy of a channel is greater than or equal to the CCA threshold, the channel is
considered busy and signals are not transmitted over this channel.

AP steering: Each AP periodically scans channel information and finds a neighboring AP with an

• When the energy of a channel is smaller than the CCA threshold, the channel is considered idle
and signals are transmitted over this channel.

the current user density (based on RSSI data) and the air interface usage of each user, and

overlapped area, and records detection messages sent by each terminal. Each AP also records
periodically reports the information to the home gateway. The home gateway analyzes the one

In a dense high-rise residential environment, because of high density and short distance of

(of 2 neighboring APs) overloaded with traffic or overloaded with users, analyzes terminals in the

APs and terminals, the signal strength is stronger than that in a common scenario. The energy

overlapped area of 2 neighboring APs, and directs the terminal that is connected to the overloaded

detected on a channel is prone to exceed the CCA threshold. As a result, the APs or terminals
cannot send data. The CCA optimization feature can dynamically adjust the CCA threshold based

AP to the AP with light load.
Figure 4-7 Working principle of AP steering

on the wireless channel interference, BER, and service requirements. When the BER for a terminal
meets the requirement and the terminal has a higher priority, the CCA threshold can be increased

SSID1

SSID2

AP1

AP2

appropriately to obtain more transmission opportunities.

Terminal
The AP directs the terminal to an AP with light load.
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4.2.4 Intelligent Seamless Roaming

The beamforming technology is a part of the 802.11n and 802.11ac protocols. It is called Tx

Wi-Fi CERTIFIED Agile MultibandTM, a device certification program offered by Wi-Fi Alliance
incorporates seamless roaming technologies including technologies as described in standards
IEEE 802.11k, 802.11v, and 802.11r. The 802.11k standard helps an STA measure other APs' signal
strength to make roaming decisions. The 802.11v standard allows STAs to roam to specified
channels and basic service set identifiers (BSSIDs). The 802.11r standard eliminates the need of
renegotiation on the key during roaming, which saves the roaming switching time.
Figure 4-8 Intelligent seamless roaming

Beamforming in the protocols. An AP obtains the basic channel information of a terminal through
protocol interaction. A baseband chip computes the phase difference between different antenna
spatial flows to the terminal according to the basic channel information. Multiple antennas
are used to transmit the same data symbols, but the data symbols of different antennas use
different phase amplitudes for transmission. In this way, phases of multiple antenna signals
are superimposed in different directions to present different strength, so that signal power in
a specific receive-end direction is maximized. Because each antenna transmits the same data
symbol, the diversity gain is obtained.

Moving route

Moving route

4.2.6 Airtime Fair Scheduling
Airtime fair scheduling is to schedule the wireless channel usage time of a service type of each
terminal over the same radio frequency. It aims to ensure that the same service of each terminal

The 802.11k and 802.11v intelligent seamless roaming technologies have been supported by most
terminals. Many terminals do not immediately switch to an AP with the strongest signal when
moving. The gateway or AP needs to trigger roaming switching to improve network performance.
An AP detects the terminal RSSI, sending success rate, and rate. If these indicators are lower than
the thresholds, the terminal is going far away from the AP. Then the AP instructs the terminal to
trigger roaming. Based on the RSSI strength, cascading level, backhaul path, and load, the AP
selects the optimal target AP for the terminal. The terminal switches to the optimal target AP as
instructed.

occupies a wireless channel in a relatively fair mode. The traditional AP air interface scheduling
mode is based on a first in first out (FIFO) queue, which has the following disadvantages:
1. If a single terminal occupies a large number of downstream bandwidths, it can be difficult for
other terminals to obtain sufficient bandwidths.
2. Some low-speed terminals using old systems (802.11b/g) occupy too many air interface
resources. As a result, the overall air interface throughput decreases.
For a specific service queue, airtime fair scheduling has the following improvements compared
with FIFO queue scheduling:

For a terminal that does not support 802.11k, when an AP detects that a terminal can connect to
another AP with better signal quality, the AP can force the terminal to go offline and to connect to
the target AP by means of admission control of the target AP.

3. A scheduler allocates the same air interface time token to each terminal in each period. For
a new packet to be sent, the scheduler estimates the air interface usage time required by the
packet and subtracts the current number of tokens of the destination terminal.
4. When the scheduler sends packets to the air interface, the packets are arranged in

4.2.5 Baseband Beamforming

descending order according to the number of remaining time tokens of each terminal. Each

Figure 4-9 Working principles of beamforming

time the scheduler sends packets, it preferentially sends the packet that occupies the
least time (the most remaining time tokens) of the air interface in the current period for the
corresponding terminal.
5. The scheduler periodically reallocates time tokens to ensure long-term statistical fairness.

Today's wifi
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802.11ac Beamforming Technology
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4.3 KPI and KQI of 4K Video over Home Wi-Fi Network

4.4.1 QoS Scheduling for the Priority of Video Services

Table 4-2 describes the KPI of 4K Video over home Wi-Fi network.

Figure 4-10 QoS scheduling for the priority of video services
Traffic classification

Priority marking

Early drop management

Buffering and queuing

Air interface QoS

802.1p

Non-IPTV frame
dropping

Multi-level queue
scheduling

WMM

DSCP

OTT frame dropping

Drop priority

IPTV non-key
frame dropping

Intelligent buffer
management

Airtime fair
scheduling

Table 4-2 KPI of 4K Video over Home Wi-Fi Network
OTT recognizer

Back
pressure
signal

4K

Full 4K

Video bitrate

15-25M

20-35M

Bandwidth requirement

>35M

>50M

RTT

15-25ms

10-25ms

Packet loss rate

<10^-5

<10^-5

It is assumed that the home gateway can connect to an STB with the built-in Wi-Fi function

Multicast large buffer capability

16MB

24MB

through a Wi-Fi frequency band. For videos, the air interface channel in the downstream direction

Ambient Noise

>-68dBm

>-68dBm

is a bottleneck. If the video services cannot exclusively occupy the downstream wireless channel,

IPTV recognizer

Congestion degree

KPI

the QoS mechanism must be used to ensure that video packets can be preferentially sent.
Table 4-3 describes the KQI of 4K Video over home Wi-Fi network.
Table 4-3 KQI of 4K Video over Home Wi-Fi Network

The traffic classification module identifies multiple IPTV video streams, OTT video streams, and
key video frames. The priority marking module marks 802.1p or DSCP values according to rules

KQI

Grading Standard

and marks less important frames that can be discarded.

Video quality

1.

Video quality subjective score (MOS)>4

The early drop management module starts early drop according to the back-end congestion

2.

Freeze times < 2 per 45 minutes, freeze time< 2 seconds(weak
interference environment test)；
Blurred screen times < 2 per 45 minutes,blurred screen time< 2
seconds, blurred screen area<35%(weak interference environment
test)；

degree. As the congestion intensifies, the packets at the tail of a queue are discarded according to

Watching quality

Interactive quality
Typical home scenario stability

3.

4.
5.
6.

Live channel switching delay<1.5 seconds
VOD first buffering time<1 second
EPG control response delay<1 second

Video fluency, clear, no freeze, no blurred

the priority of each service, terminal, and SSID.
For the buffering and queuing module, the queue length, scheduling priority, weight, and queue
rate limit are configured for each service of each terminal. The length of a UDP-based IPTV service
queue must be as large as possible. The length of a TCP-based OTT video queue must be equal to
the two-way latency (current 50 ms) of mainstream OTT carriers.
802.11e is the standard of Wi-Fi QoS. It stipulates a WMM mechanism. WMM defines 4
access categories (ACs), and 4 queues (voice, video, best effort, and background queues) in

4.4 Key Technologies of 4K over Wi-Fi
A home Wi-Fi network should be a video sensing network that provides premium video experience.
As described in the preceding sections, video services have high requirements on packet loss
rate and latency. The key to improving the experience of video over Wi-Fi lies in idle and exclusive
channels, QoS for ensuing the IPTV priority, retransmission if applicable, and dynamic adjustment
and intelligent sensing of video bandwidths.

descending order of priority. This mechanism is used to ensure that packets with higher priorities
preferentially preempt wireless channels and are preferentially sent.
WMM also defines a series of enhanced distributed channel access (EDCA) parameters for
channel competition of various services:
• Arbitration interframe spacing number (AIFSN): A larger AIFSN value indicates a longer wait
time of a service type. A shorter wait time indicates more opportunities of obtaining a channel.
• Exponent form of CWmin (ECWmin) and Exponent form of CWmax (ECWmax): They determine an
average backoff time. Larger CWmin and CWmax values indicate a longer average backoff time
of the service type when a conflict occurs.
• A transmission opportunity (TXOP): It is the maximum duration of a channel that can be
occupied by a service type after a competition success.

11
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Figure 4-11 Video retransmission mechanism

high air interface priority.
WAN

The multi-user multiple-input multiple-output (MU-MIMO) technology with 802.11ac wave 2
enables a gateway to transmit multiple data streams to different user terminals at the same

TV/STB

AP

HGW

time. The downstream MU-MIMO uses the zero forcing algorithm at the receive end to separate

IGMP Join

data streams sent to different terminals, or uses the beamforming method at the transmit end
to separate data streams for different terminals before the data streams are sent (this simplifies
operations at the receive end). If the home gateway and STB (or STB AP) support the MU-MIMO

BNG

Multicast UDP traffic

IGMP Join
Multicast UDP traffic

Core Router

Server

Multicast UDP traffic

Buffers multicast streams, retransmit discarded
video packets, and performs traffic control.

technology, this technology can be enabled to maximize the gain for the STB (or STB AP) to receive

RTCP retransmission
request/RTP unicast

signals.

RTCP retransmission request/RTP unicast

The gateway and AP buffer RTP packets and send requests to retransmit discarded video packets,

4.4.2 Call Admission Control (CAC) and Air Interface Time Guarantee for the
Priority of Video Services

reducing the requirement on the latency of the Wi-Fi network.

If video services cannot use a separate radio channel, it is necessary to grant the highest priority

the forwarding latency.

When RTP packets are retransmitted, the priority of the packets needs to be increased to reduce

to the video services during channel sharing. For example, when a home gateway is cascaded with
an STB AP through a 2.4 GHz channel and multiple other terminals are connected to the home
gateway through this channel, the home gateway needs to increase the time slice scheduling

4.4.4 VABA Intelligent Video Bandwidth Adjustment Technology

weight of the STB AP (considered a terminal connected to the home gateway in the 2.4 GHz band)

Video aware bandwidth adjustment (VABA) is an intelligent video bandwidth adjustment

upon detection of STB power-on.

technology. It solves the problem that UDP video packets are randomly lost when queues are

WMM CAC mechanism:
1. A terminal needs to obtain the permission of an AP or home gateway before sending high-

congested.
The VABA algorithm intelligently detects Wi-Fi link congestion and dynamically adjusts video

priority voice and video packets in the upstream direction. Therefore, after detecting that the

program bandwidths to solve the problem of frame freeze caused by queue congestion of 4K video

STB is powered on, the home gateway allows only the STB or STB AP to send voice and video

programs.

packets in the upstream direction, and other terminals are not allowed to send the packets of

Figure 4-12 VABA algorithm formula

these 2 types. This prevents competition with video packets in the downstream direction of the
air interface of the home gateway.
2. When the BER of signals received by an STB or STB AP deteriorates, low-speed terminals
and terminals with poor quality of received signals are forced to go offline to prevent these
terminals from hindering downstream video services.

Figure 4-13 shows the comparison before and after VABA is enabled.
Figure 4-13 Comparison before and after VABA is enabled

4.4.3 Video Retransmission Technology
IPTV live services are carried in UDP mode and sensitive to packet loss. 4K entails continuous
heavy traffic and high throughput requirement. Video retransmission is required to ensure that
packets are retransmitted in a timely manner when a large number of packets are lost on the
home Wi-Fi air interface.
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Table 5-2 STA Information

STA type (e.g. PC, mobile phone, etc.)
STA system vendor
STA system firmware version
STA chipset vendor
STA chipset firmware version
Supported IEEE specification by STA

This section refers to the following standard：
• BBF TR-126 Triple-play Services Quality of Experience (QoE)；
• BBF TR-398 Wi-Fi In-Premises Performance Tesing.

NOTE: Multiple tables of STAs SHALL be created to record the information of STAs with different capability (e.g. legacy STA
that supports only 802.11a/b/g).

5.1.2 Management of the DUT and STA

5.1 Equipment Features

The DUT SHALL support a DUT Northbound management protocol or local GUI that allows the

5.1.1 Device Under Test (DUT) and Station (STA)

DUT vendor discretionary.

Table 1 and Table 2 are intended to provide test engineers and readers of the test report with

The STA SHALL support a STA Southbound management protocol that is required for execution

sufficient information about the DUT and connected STAs in order to assure repeatability of

of this test plan except as required to configure the STA to pass Ethernet traffic between the STA

results and to allow for accurate comparisons of reported test results. The information defined in

and LAN interface(s).

ability to configure and retrieve the setting in 5.3 in this test plan. The management protocol is

the tables SHALL be provided to the test engineer prior to the start of the testing and SHALL be
included as part of the test report. All fields SHALL be populated; if an item is not applicable to the
DUT or connected STAs, the item MAY be marked as “Not Applicable” .

5.2 Test Environment
The Wi-Fi performance test environment can easily be impacted by external factors and the

Table 5-1 DUT Information

DUT system vendor
DUT system firmware version

environment, such as existing office Wi-Fi systems, or nearby appliances (e.g. microwave ovens).
The construction of the test environment used by this test plan SHALL be constructed in a
fashion to mitigate the impact of these external factors. The test environment SHALL meet the
requirements outlined in this section for all tests within this test plan.

DUT chipset vendor
DUT chipset firmware version

5.2.1 Test Configuration
Ethernet/IP Traffic Setup
The LAN interface(s) used for transmission of test traffic SHALL be a Gigabit Ethernet port(s),
supporting speeds of at least 1 Gbps. The Peer Stations (STAs) SHALL send/receive Wi-Fi packets
to/from the DUT air interface or coax interface (if it is required). Packet generation, reception
and analysis SHALL be done using testing software or a traffic generator capable of generating
stateful TCP and UDP traffic with fixed (controlled) packet size.

15
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If the test case requires test traffic larger than 1 Gbps at the LAN interface, multiple Gigabit
Ethernet ports SHALL be employed to fulfil the test traffic demand in the test. In this case,
identical traffic streams with same QoS setting SHALL be injected to Gigabit Ethernet ports,

The STA SHOULD support at least one of the following configurations:
In case the Packet Generator/Analyzer is used for STA, the interfaces between STA and Packet
Generator/Analyzer SHALL fulfill the traffic flow requirement and not impact the performance test.

respectively.
If the DUT supports Ethernet port with higher rate than 1Gbps (e.g. 2.5G, 5G, or 10G Ethernet, etc.),
no additional port is used in the testing.

Ethernet traffic frame sizes
This section provides requirements for TCP and UDP setting in order to create consistent flow

Figure 5-1 shows the basic setup for passing Ethernet/IP traffic through the DUT and single STA.

pattern while different testing software, operating system or independent equipment are utilized in

Appendix I shows the instantiations of the test setups. The Packet Generator / Analyzer MAY be a

the test.

discrete device from the STA, or the Packet Generator / Analyzer may be embedded directly on the
STA device. The Packet Generator / Analyzer SHALL NOT be combined with the DUT and SHALL be
a discrete device running the testing software to generate/receive the packets for DUT.
NOTE: The Physical Layer Test Setup shown in Figure 5-1 contains any specific test setup(s) or
equipment that may be required within the Wi-Fi link, such as a channel simulator, attenuators,
shielding chamber, etc.

within this test plan, the following settings SHALL be used to configure the traffic generator.
EDITOR’S NOTE: The full set of specifications needs be developed, and will include the frame sizes,
requirements on TCP stateful next, Packet length, etc. This needs to be done in a way that the 2
methods can be aligned.
Common setting for both TCP and UDP:

Figure 5-1 Test setup for performance testing for single STA

Downstream
traffic flow

Where the Packet Generator/Analyzer is used to implement the traffic throughout measurements

Upstream
traffic flow

1. Establish TCP/UDP link through IP pairing before generation of traffic flow, i.e. setting up the IP
address of DUT and STA to make sure that all of the devices are in the same LAN.
2. The flow generation SHALL base on IPv4.

Packet Generator/
Analyzer

Packet Generator/
Analyzer

3. Create 5 measurement streams between DUT and each STA. The throughput between the DUT
and STA is the summation of all the measurement streams.
4. No delay SHALL be reserved after starting the measurement.
5. No rate limitation SHALL be set for the TCP/UDP flow.

DUT

Physical Layer
Test Setup

6. The data sent over the TCP SHALL not be compressed.
STA

Setting for TCP:
1. TCP window size SHALL be set as 64KB.

The DUT and STA SHOULD support the following requirements to enable these tests.
The DUT SHOULD support:
1. Forwarding of Ethernet/IP traffic between the Wi-Fi interface(s) and the northbound Ethernet
interface, based on MAC learning or VLAN markings.

2. A code file (file size of 100000 bytes for 2.4GHz testing and 10000000 bytes for 5 GHZ testing)
transaction SHALL be simulated in the TCP connection. This transaction SHALL be continuously
conducted during the measurement time.
3. The size of each fragment of the file is send continuously to operating system that the test
software runs over. The size SHOULD be determined by the operating system.

2. Allocating local IP address for STA through physical interface (air or coax cable) and for traffic
generator.
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Setting for UDP:

The peer STAs are separated from the DUT by the Wi-Fi test channel. This separation can be defined

1. A code file (file size of 730000) transaction SHALL be simulated in the UDP connection. This
transaction SHALL be continuously conducted during the measurement time.
2. The size of each fragment of the file is sent to operating system SHALL be set as 1460 bytes.
NOTE: This leads to 1500 bytes Ethernet frame size. 1500 bytes is the maximum transmit unit (MTU)
of Ethernet packet. The size of the transmitted data is 1460 bytes with 20-bytes IP header and 20-

as a specific distance, or as a specific path-loss. The test report SHALL indicate how the Wi-Fi test
channel was established. The specific separation is defined in each test, however:
1. If distance is used, then the peer STA SHALL be placed at the same height as the DUT.
Additionally, the test report SHALL indicate the rotational orientation of both the STA and
DUT. Both STA and DUT SHALL be placed in their “upright” position, as defined by the
manufacturers.

byte TCP header.

2. If external antenna is used, the direction of the antenna SHALL be adjusted perpendicularly to
the horizontal plane.

5.2.2 Test Setup Characteristics

3. If path-loss is used, then the peer STA SHALL be separated from the DUT by the equivalent free
space path loss at the working frequency. Free space path loss between isotropic antennas is
expressed as P_L (dB)=20 Log10 (f_GHz ) + 20 Log10 (d_meters ) + 32.45. For example, at 2.4
GHz the path loss equivalent to a 1-meter separation is 40 dB, and at 5.2 GHz the path loss is
46.8 dB. The attenuation value for testing SHALL be rounded to the nearest whole dB value.

General Environment
The test setup SHALL be in an environment with undetectable Wi-Fi or non-Wi-Fi interference in
the working frequency and channel. To define “undetectable”, less than -100 dBm signal power
within 80 MHz bandwidth in the working frequency SHALL be met. This condition guarantees no

4. A channel emulator (e.g. test equipment) MAY be used to implement the test channel.

extreme cases (e.g. performance testing with large attenuation).

5. If the test channel is created using attenuators or a channel emulator, the test equipment
SHALL support at least the same number of independent channels as the number of spatial
streams being tested.

Temperature and Humidity

6. The attenuators used to create signal attenuation SHALL perform flat attenuation in the
frequency bandwidth.

The ranges of temperature and humidity of the test facility, over the entire time tests are conducted,

There are several important parameters and conditions that define a test configuration. These are:

SHALL be recorded as the high and low values observed during testing (see Table 3 ) and SHALL be

•

The test environment must be free from interference, and,

included as part of the test report. The temperature SHOULD be within 21±5 ° C. The humidity

•

There is a certain path loss between the devices, and,

SHOULD be between 20% and 60%.

•

There is the ability to modify that path loss in a controllable and repeatable fashion.

false back off or contention take place and facilitates the correct performance measurement in

Table 5-3 Temperature and Humidity Range of Test Facility

Parameter

High

There are several ways that such an environment could be realized. Two possible options are shown
Low

Temperature
Humidity

below, either of these methods MAY be used to implement the testing defined within the document,
or any other method could be used as long as it can be shown to meet the requirements of these
sections. To simplify this document, each test cases include only a test setup figure or diagram
based on the single chamber implementation.

Distance and Test Channel Realization
To facilitate repeatable testing and support the application of absolute performance requirements,

Within a shielded chamber, RF signals will reflect from the chamber walls, and can appear as
interference to the devices within the chamber. Any chamber used in the test plan SHOULD
attenuate the reflections by at least 20 dB to minimize the impact of these reflections.

the wireless channel between the DUT and STA(s) needs to be well controlled. Various methods to
create and control this environment exist and MAY be used for the support of the testing defined in
this document, provided the test setup implemented meets the requirements within sections.
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Table 5-4 SSID setting configurationTest Facility

The Wi-Fi Station (STA) acts as a peer device within testing, transmitting and receiving data traffic

Configuration Parameters

Default value

from the Wi-Fi Access Point (DUT). The STA devices used for testing SHALL meet the requirements

SSID

Wi-Fi_Perf_Test_XG (NOTE1)

Enable SSID

True

of this section.

Number of associated devices

32

The STA(s) SHALL have at least the same Wi-Fi physical layer capability (i.e. maximum spatial

Broadcast SSID

True

streams supported and antenna number) as the DUT unless the test case specifies the capability

Enable WMM

True

of the STA used in the test. The STA(s) MAY support physical layer capabilities exceeding those of

Authentication Mode

WPA-WPA2-Personal

the DUT.

Encryption Mode

TKIP&AES

The STA device(s) used for testing MAY be real products (i.e. a Laptop or Phone) or MAY be

WPA PreShareKey

NOTE2

WPA Group Key Regeneration Interval

3600s

dedicated test and measurement equipment that emulates the behaviour of standard Wi-Fi
station.

NOTE1: “X” represent “2.4” when DUT is configured to work in 2.4 GHz band while “X” represent “5” when DUT is
configured to work in 5 GHz band.

For tests which required multiple STA devices, the devices MAY be multiple discrete devices or the

NOTE2: defined by test agent.

multiple STA devices may be emulated by a single test and measurement device.
Work setting

5.2.3 Device Under Test (DUT) settings

2.4 GHz band

DUT Requirements

All the DUT supporting 802.11n SHALL set the operating frequency band as 2.4 GHz. The default

The DUT SHALL be able to support at least 2 spatial streams (Nss ≥ 2 as defined in the 802.11n/
ac specification) for Wi-Fi packet transmission.

setting SHALL be configured as defined in Table 5.
Table 5-5 Work setting configuration for 2.4 GHz band

If the DUT supports multiple Wi-Fi channels, the DUT SHALL select channel 6 for 2.4 GHz

Configuration Parameters

Default value

frequency band and channel 36 for 5 GHz frequency band. If the channel is not supported due to

Tx Power

100 % (NOTE1)

Regulatory Domain

(NOTE2)

Channel

Channel 6

Chanel Width

20 MHz

Standard mode

802.11b/g/n

DTIM period

1

Beacon Period

100 ms

regulatory issue, a neighbor channel SHALL be selected accordingly. The peer STA/STAs register to
the DUT to establish the link.
NOTE: A fixed channel facilitates good repeatability across the tests in labs.

SSID setting
The setting for SSID SHALL be configured as defined in Table 4. SSID for 2.4GHz and 5GHz band

NOTE1:100% is corresponding to 20 dBm, this value indicates the aggregated power of all the chains used for
communication by air-interface.

SHALL be set up separately.

NOTE2: defined by test agent or automatically selected by the DUT.
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5 GHz band

Figure 5-2 Test setup of Maximum Connection Test

All the DUT supporting 802.11ac SHALL set the operating frequency band as 5 GHz. The default
setting for work mode SHALL be configured as defined in Table 6. If the DUT support dual band in
5GHz, two work settings SHALL be set up separately.
Table 5-6 Work setting configuration for 5 GHz band

Configuration Parameters

Tx Power

Tx Power

100 % (NOTE1)

Regulatory Domain

(NOTE2)

Channel

Channel 36

Chanel Width

80 MHz

Standard mode

802.11a/n/ac

DTIM period

1

Beacon Period

100 ms

NOTE1:100% is corresponding to 23 dBm, this value indicates the aggregated power for all the chains used for
communication by air-interface.
NOTE2: defined by test agent or automatically selected by the DUT.

DUT Configuration
The test SHALL run under the following configuration:
1. The DUT works in different modes if applicable:

5.3 Home Wi-Fi Network Performance Tests

a. 802.11n

5.3.1 Baseline performance

b. 802.11ac

Maximum Connection Test
Introduction
Maximum connection test intends to verify whether the Wi-Fi device can support connecting 640
multiple STAs simultaneously and still work as normal.

Setup
1. The test setup (shown in Figure 5) SHALL be located in anechoic shielded chamber with
undetectable Wi-Fi or non-Wi-Fi interference in the working frequency and channel.
2. A Traffic Generator/Analyzer, sending the Ethernet packets, connects to the LAN interface (e.g.
GE port) of the DUT. The peer STAs is put at a distance of 2 meter to the DUT (For 2.4 646 band,
2 meters free space of wireless channel leads to 46 dB attenuation).
3. 32 STAs are prepared and associated to DUT during the test.
4. UDP connection SHALL be used for Ethernet packet transmission in the test.
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c.

802.11n + 802.11ac

Procedures
1. Configure the working mode of DUT to 802.11n with default configuration.
2. Establish the LAN connection and let STAs register to the DUT.
3. Simultaneously measure the downlink UDP packet loss, using a test time of 120 seconds and
a traffic rate of 2 Mbps for 802.11n or 8 Mbps for 802.11ac, through each STA. Record the
number of packets transmitted and received, to calculate the packet error rate.
4. Simultaneously measure the uplink UDP packet loss, using a test time of 120 seconds and
a traffic rate of 2 Mbps for 802.11n or 8 Mbps for 802.11ac, through each STA. Record the
number of packets transmitted and received, to calculate the packet error rate.
5. Change the working mode of DUT to 802.11ac with default configuration.
6. Establish the LAN connection and let STAs register to the DUT.
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7. Simultaneously measure the downlink UDP packet loss, using a test time of 120 seconds and
a traffic rate of 2 Mbps for 802.11n or 8 Mbps for 802.11ac, through each STA. Record the
number of packets transmitted and received, to calculate the packet error rate.
8. Simultaneously measure the uplink UDP packet loss, using a test time of 120 seconds and
a traffic rate of 2 Mbps for 802.11n or 8 Mbps for 802.11ac, through each STA. Record the

Test Method

Table 5-7 Throughput Performance Requirements

DUT Wi-Fi
Configuration

STA Wi-Fi
Configuration

Bandwidth
(MHz)

Downlink throughput Uplink throughput
Requirement（Mbps） Requirement（Mbps）

11n (Nss=2)

11n (Nss=2)

20

64

64

11ac (Nss=2)

11ac (Nss=2)

80

256

256

number of packets transmitted and received, to calculate the packet error rate.
9. Change the working mode of DUT to both 802.11ac with default configuration and 802.11n
with default configuration. Let half of the STAs register to the DUT by using 802.11n and the
other half by using 802.11ac.
10. Establish the LAN connection according to the setup.
11. Simultaneously measure the downlink UDP packet loss, using a test time of 120 seconds and

Maximum Throughput Test
Introduction
Maximum throughput test intends to measure the maximum throughput performance of Wi-Fi
device. The test is conducted with connection by air interface in short distance (by considering the
actual utilization of Wi-Fi).

a traffic rate of 2 Mbps for 802.11n or 8 Mbps for 802.11ac, through each STA. Record the
number of packets transmitted and received, to calculate the packet error rate.
12. Simultaneously measure the uplink UDP packet loss, using a test time of 120 seconds and
a traffic rate of 2 Mbps for 802.11n or 8 Mbps for 802.11ac, through each STA. Record the
number of packets transmitted and received, to calculate the packet error rate.

Setup
1. The test setup (shown in Figure 6) SHALL locate in the anechoic shielded chamber with
undetectable Wi-Fi or non-Wi-Fi interference in the working frequency and channel.
2. A Traffic Generator/Analyzer, sending the Ethernet packets, connects to the LAN interface (GE

13. Repeat Step 1-12 with other configuration in DUT Configuration

port) of the DUT. The peer STA is put at a distance of 2 meter to the DUT (For 2.4 GHz band, 2

NOTE: The test result may be slightly affected by the capability of Peer STA. It is recommended

meter free space of wireless channel leads to 46 dB attenuation).

STA used in the test have chipsets from at least 2 different vendors.

3. TCP connection SHALL be used for Ethernet packet transmission in the test.
Figure 5-3 Test setup of Maximum Throughput Test

Metrics (Pass/Fail Criteria)
In order to pass the test case, the recorded results SHALL meet the Pass/Fail Criteria, described
as following:
1. For each of the test configuration, packet error rate (PER) for all of the STAs SHALL achieve
less than 1 %.
2. For each of the test configuration, the overall throughput of all connected STA SHALL achieve:
a. For 32 connected STA (802.11n), both downlink and uplink overall throughput SHALL no less
than 64 Mbps * 99%.
b. For 32 connected STA (802.11ac), both downlink and uplink overall throughput SHALL no less
than 256 Mbps * 99%.
3. No dissociation takes place during the test.
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DUT configuration

Metrics (Pass/Fail Criteria)

The test SHALL run under the following configuration:

In order to pass the test case, the recorded results SHALL meet the Pass/Fail Criteria, described

1. The DUT works in different modes:
a. 802.11n
b. 802.11ac
c.

802.11n + 802.11ac

The test case SHALL be conducted on all the applicable modes of the DUT.

Procedures

as following:
The measured average throughput SHALL meet the performance requirement of Table 5-8.
Table 5-8 The throughput requirement

DUT Wi-Fi
Configuration

STA Wi-Fi
Configuration

Bandwidth
(MHz)

Downlink throughput Uplink throughput
Requirement（Mbps） Requirement（Mbps）

11n (Nss=2)

11n (Nss=2)

20

100

100

11ac (Nss=2)

11ac (Nss=2)

80

600

600

1. Configure the working mode of DUT to 802.11n with default configuration.
2. Establish the LAN connection and let STAs register to the DUT.
3. Measure the downlink TCP throughput to the STA, using a test time of 120 seconds.
4. Measure the upuplink TCP throughput to the STA, using a test time of 120 seconds.

Airtime Fairness Test
Introduction
Airtime Fairness Test intends to verify the capability of Wi-Fi device to guarantee the fairness of
758 airtime usage.

5. Set the working mode of DUT to 802.11ac, and repeat step 3-4 for bandwidth 80MHz.
6. Enable dual frequency mode (802.11n and 802.11ac) of DUT and wait for 30 seconds.
Configure the channel bandwidth of 802.11n to 20 MHz and channel bandwidth of 802.11ac
to 80 MHz. Establish the LAN connection and let STAs register to both SSID of the DUT.
7. Simultaneously measure the downlink TCP throughput to each STA, using a test time of 120
seconds.
8. Simultaneously measure the uplink TCP throughput to each STA, using a test time of 120
seconds.
9. Change the channel bandwidth of 802.11n to 40 MHz and let STAs register to both SSID of the
DUT.
10. Repeat Step 10-11.
NOTE: The test result may be slightly affected by the capability of Peer STA. The test can be
conducted with multiple peer STAs with chipsets from different vendors. The calculated average
throughput then can be averaged again in the dimension of chipset.
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Setup
1. The test setup (shown in Figure 7) SHALL locate in the anechoic shielded chamber with
undetectable Wi-Fi or non-Wi-Fi interference in the working frequency and channel.
2. Three peer STAs are used in the test and SHALL have the same Wi-Fi PHY configuration (i.e.
spatial streams supported and antenna number) as to DUT. STA 1 & STA 2 supports the same
protocol capability as to DUT. STA 3 only supports 802.11b/g for 2.4GHz frequency band or
802.11a for 5GHz frequency band. All STAs are located in the distance of 2 meter to the DUT
(For 2.4 GHz band, 2 meter free space of wireless channel leads to 46 dB attenuation).
3. DUT is set to 2.4 GHz operating frequency band with default configuration in the beginning of
the test.
4. A Traffic Generator/Analyzer, sending the Ethernet packet to each peer STA, connects to the
LAN interface (e.g. GE port) of the DUT.
5. The TCP connection SHALL be used for Ethernet packet transmission in the test.

28

General Specification for UHD Video over Home Wi-Fi Network

China UHD Video Industry Alliance

Test Method

Test Method

Figure 5-4 Test setup of Airtime Fairness Test

Metrics (Pass/Fail Criteria)
In order to pass the test case, the recorded results SHALL meet the Pass/Fail Criteria, described
as following:
a. No failure of association or dissociation takes place throughout the whole test procedures.
b. The throughput variation of DUT SHALL meet:
For the test in 2.4 GHz frequency band:
1. STA1_throughput_1 SHALL be within (1±5%)*Mean(STA2_throughput_1, STA1_throughput_1) .
2. STA2_throughput_1 SHALL be within (1±5%)*Mean(STA2_throughput_1, STA1_throughput_1) .
3. STA1_throughput_2 SHALL be within (1±15%)*Mean(STA2_throughput_1, STA1_throughput_1) .
4. STA1_throughput_3 SHALL be within (1±15%)*Mean(STA2_throughput_1, STA1_throughput_1).
For the test in 5 GHz frequency band:

DUT Configuration

1. STA1_throughput_1 SHALL be within (1±5%)*Mean(STA2_throughput_1, STA1_throughput_1).

The test SHALL run under the default configuration.

2. STA2_throughput_1 SHALL be within (1±5%)*Mean(STA2_throughput_1, STA1_throughput_1).
3. STA1_throughput_2 SHALL be within (1±25%)*Mean(STA2_throughput_1, STA1_throughput_1).

Procedures
1. Establish the setup using default configuration.

4. STA1_throughput_3 SHALL be within (1±25%)*Mean(STA2_throughput_1, STA1_throughput_1).
c.

The throughput of DUT SHALL meet:

2. Associate STA 1 and STA2 with DUT. Establish the LAN connection and wait for 10 seconds.

For the test in 2.4 GHz frequency band:

3. Measure the downlink TCP throughput to each STA1 and STA2, using a test time of 120
seconds. Recoded this as STA1 _throughput_1 and STA2 _throughput_1.

1. The summation of STA1_throughput_1 and STA2_throughput_1 SHALL be larger than 80 Mbps.

4. Move STA2 to a medium distance to the DUT (equivalent to 38 dB@2.4GHz and 32 dB @5GHz
attenuation between DUT and STA2). Wait for 10 seconds.

3. The summation of STA1_throughput_3 and STA3_throughput_3 SHALL be larger than 50 Mbps.

5. Measure the downlink TCP throughput to STA 1 and STA2, using a test time of 120 seconds.
Recoded this as STA1 _throughput_2 and STA2 _throughput_2.
6. Dissociate STA2 with the DUT. Replace STA 2 by STA 3 and remove the attenuation. STA3 is
configured to support only a 2.4 GHz connection. Establish the Wi-Fi connection between
STA3 and DUT and wait for 10 seconds.
7. Measure the downlink TCP throughput to STA 1 and STA3, using a test time of 120 seconds.
Recoded this as STA1 _throughput_3 and STA3 _throughput_3.
NOTE: The packet rates SHALL be set to the values equal to the maximum throughput (when only
one STA is connected to the DUT) that can be achieved by STA1 and STA3, respectively. The QoS of
the Ethernet packet SHALL be set as the same for both STAs.
8. Replace STA 3 with a STA, which support 802.11a. Set the DUT to operating frequency band of
5 GHz. Repeat Step 2 to 7.
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2. The summation of STA1_throughput_2 and STA2_throughput_2 SHALL be larger than 54 Mbps.

For the test in 5 GHz frequency band:
1. The summation of STA1_throughput_1 and STA2_throughput_1 SHALL be larger than 475 Mbps.
2. The summation of STA1_throughput_2 and STA2_throughput_2 SHALL be larger than 280 Mbps.
Table 5-9 Throughput Performance Requirement

DUT Wi-Fi
Configuration

STA Wi-Fi
Configuration

Bandwidth
(MHz)

Downlink
throughput
Requirement
STA1_
throughput_1+
STA2_
throughput_1
（Mbps）

Downlink
throughput
Requirement
STA1_
throughput_2+
STA2_
throughput_2
（Mbps）

Downlink
throughput
Requirement
STA1_
throughput_3+
STA3_
throughput_3
（Mbps）

11n (Nss=2)

11n (Nss=2)

20

80

60

50

11ac (Nss=2)

11ac (Nss=2)

80

480

260

250
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5.3.2 Coverage

Procedures

Penetration Performance Test

1. Put the peer STA 10 meters away from the DUT behind the wall. Configure the working mode of
DUT to 802.11n with channel bandwidth 20 MHz.

Introduction
Penetration performance test intends to measure the throughput of Wi-Fi device after penetrating

2. Establish the LAN connection and let STAs register to the DUT.

a wall. The test is conducted in real environment by air interface in some typical distances. This

3. Measure the downlink TCP throughput to the STA, using a test time of 120 seconds.

test SHALL be Optional for the test plan.

4. Disassociate the STA and move the STA after the wall and repeat step 2-4.
5. Repeat step 2-4 for 15-meters scenario.

Setup

6. Change the working mode to 802.11ac with 80 MHz bandwidth, repeat step 2-6.

1. The test setup SHOULD locate in a real environment (shown in Figure 8). No additional SSID is
detected by DUT and STA. The wall SHOULD be brick wall with 24 cm thickness. The height of
the house SHLOUD be 3 meters. The DUT and STA are fixed in 1.5 meter height.

NOTE: The test result MAY be slightly affected by the capability of Peer STA. The test can be
conducted with multiple peer STAs with chipsets from different vendors. The calculated average
throughput then can be averaged of chipsets.

2. The Traffic Generator/Analyzer, sending the Ethernet packet, connects to DUT or peer STA.The
STA is put at several distances, i.e. 10 and 15 meters behind or after the wall. The Peer STA
receives the Wi-Fi packet from the DUT through air interface.
3. The host SHALL send the Ethernet packet at the maximum rate between DUT and peer STA.
4. TCP connection SHALL be used for Ethernet packet transmission in the test.
Figure 5-5 The schematic of the test environment

DUT configuration
The test SHALL run under the following configuration:
1. The DUT works in different mode and bandwidth:
a. 802.11n with 20 MHz bandwidth

Metrics (Pass/Fail Criteria)
In order to pass the test case, the recorded results SHALL meet the Pass/Fail Criteria, described
as following:
The measured average throughput SHALL meet the performance requirement of Table 5-10:
Table 5-10 Throughput Performance Requirement

DUT Wi-Fi
Configuration

STA Wi-Fi
Configuration

Bandwidth
(MHz)

Throughput
Requirement
（Mbps）
（10m one wall）

Throughput
Requirement
（Mbps）
（15m two walls）

11n (Nss=2)

11n (Nss=2)

20

80

40

11ac (Nss=2)

11ac (Nss=2)

80

100

10

Range Versus Rate Test
Introduction
Range versus rate test intends to measure the baseband and RF chain performance of Wi-Fi
device. The attenuation of signals due to range increase is achieved by using attenuator in the STA
sides.

b. 802.11ac with 80 MHz bandwidth
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Setup

Table 5-11 General configuration for spatial consistency test

1. The test setup (shown in Figure 9) SHALL locate in the anechoic shielded chamber with
undetectable Wi-Fi or non-Wi-Fi interference in the operating frequency band and channel.
2. A Traffic Generator/Analyzer, sending the Ethernet packet, connects to the LAN interface (e.g.
GE port) of the DUT. The peer STA is located in 2 meter to the DUT.
3. Additional attenuation is added in each RF chain of STA to simulate the incremental distance.
The specific attenuation values used for testing are defined in 6.3.2.3.

Wi-Fi configuration
(DUT)

Wi-Fi configuration
(Peer STA)

Bandwidth（MHz）

11n (Nss=2)

11n (Nss=2)

20

11ac (Nss=2)

11ac (Nss=2)

80

Additional attenuation for STA RF chain during the test:
0 dB (default), 10 dB, 21 dB, 24 dB, 27 dB, 30 dB, 33 dB, 36 dB, 39 dB, 42 dB, 45 dB, 48 dB, 915 51
dB, 54 dB, 57 dB, 60 dB, 63 dB.

4. The host SHALL send the Ethernet packet at the maximum rate which the DUT can achieve
theoretically.
5. TCP connection SHALL be used for Ethernet packet transmission in the test.
NOTE1: The attenuators need to be capable of providing discontinuous attenuation between 0dB

Procedures
1. Configure the attenuator with 0 dB attenuation. Configure the working mode of DUT to
802.11n and operating frequency band to 2.4 GHz with default configuration.

~ 80dB for the selected operating frequency band.

2. Establish the LAN connection and let STAs register to the DUT.

NOTE2: A channel simulator, which emulates a specific real environment, can be used to replace

3. Measure the downlink TCP throughput to the STA, using a test time of 120 seconds.

the simple attenuators for more comprehensive test.
Figure 5-6 Test setup of Range Versus Rate Test

4. Measure the uplink TCP throughput to the DUT, using a test time of 120 seconds.
5. Change the attenuation for STA RF chain according to 6.3.2.3 until the attenuation reaches to
63 dB. Repeat step 2-4.
6. Set the working mode of DUT to 802.11ac, and repeat step 2-5 for bandwidth 80MHz
according to the general setting in Table 15.
NOTE: The test result can be slightly affected by the capability of Peer STA. The test can be
conducted with multiple peer STAs with chipsets from different vendors. The calculated average
throughput then can be averaged again in the dimension of chipset.

Metrics (Pass/Fail Criteria)
In order to pass the test case, the recorded results SHALL meet the Pass/Fail Criteria, described
as following:
DUT Configuration

The measured average throughput SHALL meet the performance requirement of Table 5-12.

The test SHALL run under the following configuration:
General configuration for DUT/STA working mode, bandwidth and number of RF chains:
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Table 5-12 The throughput requirement

Wi-Fi
configuration
(DUT)

802.11n
(Nss=2)

802.11ac
(Nss=2)

Wi-Fi
configuration
(Peer STA)

802.11n
(Nss=2)

802.11ac
(Nss=2)

Figure 5-7 Test setup of Spatial Consistency Test

Bandwidth
(MHz)

20

80

Attenuation
(dB)

Throughput
requirement
（Mbps）
DL

UL

0

100

100

10

100

21

Attenuation
(dB)

Throughput
requirement
（Mbps）
DL

UL

42

75

75

100

45

50

50

100

100

48

45

31

24

100

100

51

35

24

27

100

100

54

25

17

30

100

100

57

14

12

33

100

100

60

9

7

36

95

95

63

8

4

39

80

80

0

N/A

N/A

42

100

95

10

560

560

45

60

45

21

455

420

48

35

23

24

395

405

51

4

6

General configuration for DUT/STA working mode, bandwidth and number of RF chains:

27

360

370

54

1

1

Table 5-13 General configuration for spatial consistency test

30

300

315

33

240

220

Wi-Fi configuration
(DUT)

Wi-Fi configuration
(Peer STA)

Bandwidth（MHz）

36

150

175

11n (Nss=2)

11n (Nss=2)

20

39

130

125

11ac (Nss=2)

11ac (Nss=2)

80

DUT Configuration
The test SHALL run under the following configuration if applicable:

2. Additional attenuation for STA RF chain during the test:
Spatial consistency test
Introduction

a. STA with strong signals: 10 dB @2.4GHz band, 10 dB @5GHz band;
b. STA with medium signals: 38 dB @2.4GHz band, 32 dB @5GHz band;

Spatial consistency test intends to verify the Wi-Fi signal consistency in spatial domain.

c.

Setup

Procedures

1. The test setup (shown in Figure 10) SHALL locate in the anechoic shielded chamber, DUT and

1. Configure the working mode of DUT to 802.11n, operating frequency band to 2.4 GHz with

peer STA is in a distance of 2 meters. DUT is fixed in a two-dimensional rotation platform.
2.

A Traffic Generator/Analyzer, sending the Ethernet packet, connects to the LAN interface (GE
port) of the DUT. The Peer STA receives the Wi-Fi packet from the DUT through air interface.

3. Additional attenuation is added in each RF chain of STA to simulate the incremental distance.
The concrete values are defined in Spatial consistency test.
4. TCP connection SHALL be used for Ethernet packet transmission in the test.

35

STA with weak signals: 48 dB @2.4 GHz band, 42 dB @5GHz band.

default configuration.
2. Establish the LAN connection and let STAs register to the DUT. Wait for 10 seconds.
3. Measure the downlink TCP throughput to the STA, using a test time of 60 seconds. Wait for 10
seconds. Measure the uplink TCP throughput to the STA, using a test time of 60 seconds.
4. Rotate the DUT platform by 30° and repeat Step 3 until the platform has been rotated by 360° .
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5. Increase the attenuation for each RF chain according to Spatial consistency test and reset the
position of DUT platform to 0° , until all the attenuation values have been tested. Repeat Step 2-5.
6. Set the working mode of DUT to 802.11ac with a bandwidth of 80 MHz and operating frequency
to 5 GHz, reset the position of DUT platform to 0° . Repeat Step 2-5.
NOTE: The test result may be slightly affected by the capability of Peer STA. The test MAY be
conducted with multiple peer STAs with chipsets from different vendors. The calculated average
throughput then can be averaged again in the dimension of chipset.

5.3.3 Multiple STAs Performance
Multiple STAs Performance Test
Introduction
Multiple STAs performance test intends to measure the performance of Wi-Fi device in a
circumstance of real environment. Multiple STAs simultaneously connect to the Wi-Fi device with
various levels of signals as well as service types.

Setup

Metrics (Pass/Fail Criteria)
In order to pass the test case, the recorded results SHALL meet the Pass/Fail Criteria, described

1. The test setup (shown in Figure 11) SHALL locate in the anechoic shielded chamber with
undetectable Wi-Fi or non-Wi-Fi interference in the working frequency and channel.

as following:

2. Total 9 STAs are engaged in the test. Three STAs are located in a short distance to the DUT.

a. No dissociation takes place through the whole test.

Three STAs are located in a medium distance to the DUT. The rest STAs are located in a long

b. The average throughput measured in each angle SHALL satisfy the requirements in Table 5-14:

distance to the DUT. The short/medium/long distance SHALL lead to attenuation for the

Table 5-14 Pass/Fail criteria for spatial consistency test by performance

Wi-Fi
configuration
(DUT)

Wi-Fi
configuration
(Peer STA)

Bandwidth
（MHz）

11n (Nss=2)

11n (Nss=2)

11ac (Nss=2)

11ac (Nss=2)

signals as follows:
Throughput under different
attenuation (Mbps)

a. STA with strong signals: 10 dB @2.4GHz band, 10 dB @5GHz band;

Strong
signals

Medium
signals

Weak
signals

20

90

70

35

80

500

200

100

Wi-Fi
configuration
(Peer STA)

Bandwidth
（MHz）

STA with weak signals: 48 dB @2.4 GHz band, 42 dB @5GHz band.

connects to the LAN interface (e.g. GE port) of the DUT.
5. TCP connection SHALL be used for Ethernet packet transmission in the test.

Throughput under different attenuation (Mbps)
0dB Strong
signals

Medium
signals

DL

UL

DL

UL

DL

UL

Figure 5-8 Test setup of Multiple STAs Performance Test

Weak signals

11n (Nss=2)

11n (Nss=2)

20

30%

30%

30%

30%

30%

30%

11ac (Nss=2)

11ac (Nss=2)

80

40%

40%

40%

40%

40%

40%

c.

c.

4. A Traffic Generator/Analyzer, sending the corresponding Ethernet packets to each STA,

Table 5-15 Pass/Fail criteria for spatial consistency test by variation

Wi-Fi
configuration
(DUT)

b. STA with medium signals: 38 dB @2.4GHz band, 32 dB @5GHz band;

The maximum variation during rotation SHALL satisfy the requirements in Table 5-15:

Note: the variation is calculated as percentage that reflects the difference in a dedicated angle,
defined as the minimum throughput of the angle dividing the average throughput among the
rotation
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DUT Configuration
The test SHALL run under the following configuration:
The DUT SHALL use the maximum RF chain capability (Nss = Maximum Nss number).

Procedures

Test Method

Table 5-16 Throughput requirement of Multiple STAs Performance Test

Wi-Fi
configuration
(DUT)

Wi-Fi
configuration
(Peer STA)

Bandwidth
（MHz）

Throughput of
STA in short
distance
(Mbps)

Throughput of
STA in medium
distance
(Mbps)

Throughput
of STA in long
distance
(Mbps)

11n (Nss=2)

11n (Nss=2)

20

70

60

50

11ac (Nss=2)

11ac (Nss=2)

80

500

400

300

1. Configure DUT working mode as 802.11n, operating frequency band as 2.4GHz with default
configuration.

Multiple Association/Dissociation Stability Test

2. Power on the STAs in short distance. Let STAs register to the DUT. Wait for 10 seconds.

Introduction

3. Measure the downlink TCP throughput to each STA, using a test time of 120 seconds. Wait for

Multiple association/dissociation stability test intends to measure stability of Wi-Fi device under

10 seconds. Measure the uplink TCP throughput to each STA, using a test time of 120 seconds.

a dynamic environment with frequent change of connection status.

4. Power on the STAs with medium distance. Let STAs register to the DUT. Wait for 10 seconds.
Measure the downlink TCP throughput to each STA, using a test time of 120 seconds. Wait for
10 seconds. Measure the uplink TCP throughput to each STA, using a test time of 120 seconds.
5. Power on the STAs with long distance. Let STAs register to the DUT. Wait for 10 seconds.
Measure the downlink TCP throughput to each STA, using a test time of 120 seconds. Wait for
10 seconds. Measure the uplink TCP throughput to each STA, using a test time of 120 seconds.
6. Set the working mode of DUT to 802.11ac according to Table 5-16, and bandwidth to 80 MHz if
applicable, and repeat Step 1-5.
NOTE1: The test result can be slightly affected by the capability of Peer STA. The test can be

Setup
1. The test setup (shown in Figure 5) SHALL locate in the anechoic shielded chamber with
undetectable Wi-Fi or non-Wi-Fi interference in the working frequency and channel.
2. 16 peer STAs SHALL be connected to the dedicated operating frequency band (2.4 GHz or
5 GHz) and in a short distance of 2 meter to the DUT (For 2.4 GHz band, 2 meter free space
of wireless channel leads to 46 dB attenuation). The test only conducted for one operating
frequency band in each test circle.
3. UDP connection SHALL be used for Ethernet packet transmission in the test.

conducted with multiple peer STAs with chipsets from different vendors. The calculated average
throughput then can be averaged again in the dimension of chipset.

DUT Configuration

NOTE2: Distance can be simulated by using attenuators between RF output and antenna of Wi-Fi

The test SHALL run under the following configuration:

device.

Metrics (Pass/Fail Criteria)
In order to pass the test case, the recorded results SHALL meet the Pass/Fail Criteria, described
as following:

1. General configuration for DUT/STA working mode, bandwidth and number of RF chains:
Table 5-17 General configuration for spatial consistency test

Wi-Fi configuration (DUT)

Wi-Fi configuration (Peer STA)

Bandwidth（MHz）

11n (Nss=2)

11n (Nss=2)

20

11ac (Nss=2)

11ac (Nss=2)

80

a. No failure of association takes place through the whole test;
b. Downstream throughput of the Peer STAs SHALL satisfy the requirement in Table 5-16

39

2. The general configuration SHALL be tested if the configuration is applicable for DUT
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Procedures

Setup

1. Configure the working mode of DUT as 802.11n, operating frequency as 2.4GHz with the

1. The test setup (See Figure 7) SHALL locate in the anechoic shielded chamber with undetectable

default configuration.
2. Establish the LAN connection and let STAs register to the DUT. Wait for 10 seconds.
3. Randomly pick up half number of the peer STA. Enable downlink UDP flow (4 Mbps @2.4GHz
and 8 Mbps @5GHz) from DUT to each STA.
4. Dissociate the rest peer STAs. Wait for 30 seconds. Re-associate the STAs simultaneously and
record the time period from the start of re-association actions and the successful association
till the last peer STA.
5. Configure the working mode of DUT as 802.11ac, operating frequency band as 5 GHz and the
channel bandwidth to 80 MHz, respectively. Wait for 10 seconds, repeat Step 2-4.
NOTE: The test result can be slightly affected by the capability of Peer STA. The test can be
conducted with 1088 multiple peer STAs with chipsets from different vendors.

Wi-Fi or non-Wi-Fi interference in the operating frequency band and corresponding channel.
2. Total 3 STAs are engaged in the test. In each test cycle, one operating frequency band (2.4 GHz or
5 GHz) is used. Two STAs are picked for packet reception and ping test and one STA periodically
association/dissociation. All of the STAs are put in a distance of 2 meters to the DUT.
3. A Traffic Generator/Analyzer, establishing the Ethernet packets transmission to the STA
(allocated to receive packets), connects to the LAN interface (e.g. GE port) of the DUT. DUT
SHALL select 20 MHz bandwidth for 2.4 GHz band and 80MHz bandwidth for 5 GHz band if
applicable. TCP connection SHALL be used for Ethernet packet transmission in the test.

DUT Configuration
The test SHALL run under the following configuration:
The DUT SHALL use the maximum RF chain capability (Nss = Maximum Nss number).

Metrics (Pass/Fail Criteria)
In order to pass the test case, the recorded results SHALL meet the Pass/Fail Criteria, described
as following:
a. No failure of association takes place through the whole test.
b. The dissociation/association does not affect the performance of other peer STAs:
(1) less than 1% throughput change;

c.

Procedures
1. Configure the working mode as 802.11n, operating frequency band as 2.4 GHz with default
configuration.
2. Establish the LAN connection and let STAs register to the DUT. Wait for 10 seconds. Enable the
downlink Ethernet packet generation.

(2) no unscheduled dissociation take place.

3. Record the average throughput from the peer STAs (receiving the packets) in every 2 minutes.

The time period of re-association SHALL be no less than 3 second.

4. Enable peer STAs (performing periodic association/dissociation) conduct the association/
dissociation (conduct dissociation, followed by association in 1 minute) every 5 minutes.

5.3.4 Stability/Robustness

NOTE: In the periodic association/disscociation, the peer STAs register to the DUT at the first

Long Term Stability Test

beginning. After 5 minutes, the peer STAs dissociate with the DUT. Wait for 1 minutes. The peer

Introduction

STAs re-associate with the DUT. This procedure continues until the end of the test.
5. Enable Ping test between the peer STA and DUT every 1 seconds. Record the total lost packet

Long term stability test intends to measure the stability performance of Wi-Fi device under stress.
Throughput, and connection availability are continuously monitored in a long period of time (24
hours).

number through the test time and calculate the packet error rate.
NOTE: The peer STA SHALL establish TCP connection with the DUT before conducting the Ping test.
Ping (Packet Internet Groper) test is based on ICMP (Internet control message protocol). The ICMP
packet size SHALL be 64 bytes.
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6. Continuously conduct the test for 24 hours.

Figure 5-9 Test Setup of AP Coexistence Test

7. Change the working mode to 802.11ac, operating frequency as 5 GHz and bandwidth to 80
MHz. Repeat Step 2-6.

Metrics (Pass/Fail Criteria)
In order to pass the test case, the recorded results SHALL meet the Pass/Fail Criteria, described
as following:
a. No failure of association/dissociation takes place through the whole test;
b. Downlink throughput of the Peer STAs keeps stable in each frequency band with less than
20% deviation of the minimum sampling points by referring to the average throughput during
the measuremetn of 24 hours;
c.

For every hour, PER of the Ping test SHALL be less than 0.1 %.

AP Coexistence Test
Introduction
AP coexistence test intends to verify Wi-Fi device performance with existence of alien AP. The alien
AP in the test SHALL be the duplicate AP device of DUT. Multiple levels of interference to the AP
under test are considered.

Setup
1. The test setup (show in Figure 12) SHALL locate in the anechoic shielded chamber, DUT and
peer STA is in a distance of 2 meters.

DUT Configuration
The test SHALL run under the following configuration:
1. General configuration for DUT/STA working mode, bandwidth and number of RF chains:
Table 5-18 General configuration for AP coexistence test

Wi-Fi configuration (DUT)

Wi-Fi configuration (Peer STA)

Bandwidth（MHz）

11n (Nss=2)

11n (Nss=2)

20

11ac (Nss=2)

11ac (Nss=2)

80

2. A host sends/receives the Ethernet packets/IP packets to DUT. The Peer STA receives/sends
the Wi-Fi packets from/to the DUT through air interface.
3. The host SHALL send the Ethernet packets/IP packets at the maximum rate which the DUT
can achieve theoretically.
4. The same pair of AP and peer STA SHALL be used, treated as alien interference. The alien pair
1211 SHALL be set to different channel configuration according to Table 22.
5. TCP connection SHALL be used for Ethernet packet transmission in the test.

NOTE: the general configuration SHALL be tested if the configuration is applicable for DUT.
2. Alien pair SHALL be set to different channel configuration:
Table 5-19 Channel configuration of alien pair in the test

Working
frequency

Channel
configuration
(DUT+peer STA)

Channel configuration (Alien pair)
Same channel

Overlapping
channel

Adjoining
channel

2.4 GHz

6

6

7

11

5 GHz

36

36

36（NOTE）

52

NOTE: the bandwidth SHALL be set to 40 MHz
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Table 5-20 Pass/Fail criteria for AP coexistence test

Throughput requirement referred to the No-Aliendevice-turn-on （Mbps）

1. Configure the working mode of DUT to 802.11n, operating frequency band to 2.4 GHz with
defacult configuration. Allow peer STA registers the DUT.
2. The channel of alien pair SHALL be set to the same channel as DUT.
3. Keep the alien pair of Wi-Fi device powered off.
4. Wait for 10 seconds. Measure the downlink TCP throughput to peer STA, using a test time of

Wi-Fi
configuration
(DUT)

Wi-Fi
configuration
(Peer STA)

Bandwidth
（MHz）

11n (Nss=2)

11n (Nss=2)

11ac (Nss=2)

11ac (Nss=2)

Alien pair
working (same
channel)

Alien AP
working
(overlappin g
channel)

Alien pair
working
(adjoining
channel)

20

100

90

200

80

600

500

1200

120 seconds. Record this measurement as THROUGHPUT_SHORT_DUT.
5. Turn on the alien AP of alien pair, set the channel configuration according to Table 22 and
wait for 10 seconds. The alien AP shall transmit a beacon frame according to the default
configuration settings of 5.3.3.
6. Wait for 10 seconds. Measure the downlink TCP throughput to peer STA, using a test time of
120 seconds. Record this measurement as THROUGHPUT_SHORT_DUT_1.
7. Allow alien STA registers the alien AP. Enable the same packet transmission from alien AP to
alien STA.
8. Wait for 10 seconds. Measure the downlink TCP throughput to peer STA, using a test time of
120 seconds. Record this measurement as THROUGHPUT_SHORT_DUT_2.
9. Change the channel configuration of alien AP according to Table 22 until all the configuration

5.4 4K over home Wi-Fi network performance test
5.4.1 4K over home Wi-Fi network performance test
Test Conditions
•

Testing in weak interference environment test（5G Duty cycle<10%）；

•

Test a pair of ONT（4*4 11ac）and AP（2*2 11ac）；

•

Network is PC1—LAN—ONT—Wi-Fi—AP—LAN—PC2，PC1 and PC2 run Iperf;

•

Testing the performance of all 5G channels（36,52,100,149）；

•

Test RSSI = -60dBm and RSSI = -68dBm(10m and one wall) TCP and UDP performance；

•

For UDP performance testing，use Iperf -w200k， record the throughput PER=0% per 2 minutes；

•

For TCP performance testing，ues Iperf -w1500k，record the throughput per 2 minutes；

has been tested. Repeat Step 8. Stop the packet transmission for alien pair.
10. Dissociate the alien STA from the alien AP. Turn off the alien pair.

UDP performance test passed standard

11. Configure the working mode of DUT to 802.11ac, operating frequency band to 5 GHz and

If RSSI = -60dBm or RSSI = -68dBm, and ONT and AP’s PLR=0%, Throughput >=300Mbps.

channel bandwidth to 80 MHz. Allow peer STA registers the DUT.
12. Repeat Step 2-11. Record the corresponding average throughput for new working frequency.

Metrics (Pass/Fail Criteria)
In order to pass the test case, the recorded results SHALL meet the Pass/Fail Criteria, described
as 1256 following:
a. No unexpected dissociation take place through the whole test.
b. The average throughput measured SHALL satisfy the requirements in Table 5-20:
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UDP performance test results

TCP performance test passed standard

The UDP performance test results record table is shown in the following table.

If RSSI = -60dBm ONT and AP’s throughput >=350Mbps.

Table 5-21 UDP performance test result sheet(RSSI=-60dBm)

If RSSI = -68dBm ONT and AP’s throughput >=200Mbps.

RSSI=60dBm

CH36

CH52

CH100

CH149

Packet Packet Packet Packet Packet Packet Packet Packet Packet Packet Packet Packet
Packet rate
loss
loss
loss
loss
loss
loss
loss
loss
loss
loss
loss
loss
（Mbps）
number number number number number number number number number number number number

200

TCP performance test results
The TCP performance test results record table is shown in the following table.
Table 5-22 TCP performance test result sheet

250

Channel

300
310

RSSI=-60dBm

RSSI=68dBm

Throughput（Mbps）

Throughput（Mbps）

36

320

50

330

100

340

149

350
360

5.4.2 Octoscope(Shielded box) Test Anti jamming capability of 4K over Wi-Fi

370
380

Test Conditions

390
400

Test the boundary of ONT and AP 4K over Wi-Fi in interference scenarios. In typical RSSI>-68dBm,

410

and the duty cycle of 5G is less than 80%，the Wi-Fi packet loss rate between ONT and AP is less
than 1%.

Table 5-21 UDP performance test result sheet(RSSI=-68dBm)

RSSI=68dBm

Figure 5-10 Test networking of 4K over Wi-Fi

CH36

CH52

CH100

CH149

Packet Packet Packet Packet Packet Packet Packet Packet Packet Packet Packet Packet
Packet rate
loss
loss
loss
loss
loss
loss
loss
loss
loss
loss
loss
loss
（Mbps）
number number number number number number number number number number number number

200
250
300
310
320
330

Headend system

OLT

Shielded room
Interfering AP

Interfering STA

Interfering AP

Interfering STA

Antenna

Attenuator

STA

Antenna

Attenuator

STA

STA
ONT

STA
Secondary AP

340

STB
STA

350
360
370

Secondary AP

STB
STA

380
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Recommended test parameters in typical test scenarios：

Test results

Table 5-23 Recommended test parameters in typical test scenarios

The Octoscope(Shielded box) Anti jamming capability of 4K over Wi-Fi test results record table is

Parameter

Scenario 1

Scenario 2

Scenario 3

Scenario 4

shown in the following table.

Latency

20 ms

20 ms

20 ms

20 ms

Table 5-24 Octoscope(Shielded box) Anti jamming capability of 4K over Wi-Fi testresults record table

Number of 4K
video channels

1

1

2

2

Signal strength of
video STAs

–65 dBm

–65 dBm

–65 dBm

–65 dBm

4K video bit rate

Average bit rate:
30 Mbit/s
Peak bit rate: 50
Mbit/s

Average bit rate:
30 Mbit/s
Peak bit rate: 50
Mbit/s

Average bit rate:
30 Mbit/s
Peak bit rate: 50
Mbit/s

Average bit rate:
30 Mbit/s
Peak bit rate: 50
Mbit/s

Number of STAs
connected to the
Internet

1

2

1

2

Signal strength of
STAs connected to
the Internet

–72 dBm

Traffic of STAs
connected to the
Internet

10M

Scenario

ONT 5G duty cycle

Packet loss rate

Freeze time

Scenario 1
Scenario 2
Scenario 3
Scenario 4

5.4.3 4K over Wi-Fi Stability test
Test conditions

–72 dBm

10M

–72 dBm

10M

–72 dBm

10M

Number of
interfering Wi-Fi
devices

2

4

2

4

Working channel
of interfering Wi-Fi
devices

1 x same-channel
+ 1 x adjacent
channel

2 x same-channel
+ 2 x adjacent
channel

1 x same-channel
+ 1 x adjacent
channel

2 x same-channel
+ 2 x adjacent
channel

Signal strength of
interfering STAs

–65 dBm

–65 dBm

–65 dBm

–65 dBm

Video traffic of
interfering STAs

60M

120M

60M

120M

Internet access
traffic of
interfering STAs

20M

•

Testing in home environment；

•

Test a ONT（4*4 11ac） and 2 APs（2*2 11ac）connect by Wi-Fi；

•

Testing in fixed 5G channel；

•

AP choose RSSI = -60dBm or RSSI = -68dBm to test UDP performance；

•

4 hours stability test，each AP use 50 Mbps UDP flow for testing；

Metrics (Pass/Fail Criteria)
•

For UDP performance testing，use Iperf -w200k， PER=0% per 15 minutes ；

•

PER<10exp-8 in 4 hours stability test

Test Results
The 4K over Wi-Fi stability test results record table is shown in the following table.

40M

20M

40M

Metrics (Pass/Fail Criteria)

Table 5-25 4K over Wi-Fi Stability test record tableFi testresults record table

AP to ONT RSSI

UDP flow

Test Time

-60dBm

50Mbps

4 hours

-68dBm

50Mbps

4 hours

Test Result

Test the boundary of ONT and AP 4K over Wi-Fi in interference scenarios. In typical RSSI>-68dBm,
and the duty cycle of 5G is less than 80%，the Wi-Fi packet loss rate between ONT and AP is less
than 1%.
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5.4.4 Real home environment test

Figure 5-13 Test Network

Test Conditions
We need to select the typical family scenario.

Typical apartment layout
Figure 5-11 Typical apartment layout

ONT recommended 4*4 11ac + 2*2 11n configuration, AP recommended 4*4 11ac + 2*2 11n
configuration.
Test AP when received ONT signal strength is -60dBm，-68dBm，-75dBm；
Test the throughput of 4 phones connect to ONT in the living room. Test the throughput of 2 phones
connect to AP in the bedroom. Each phones have 5 flow and unlimited speed.
3D apartment layout

The channel is configured according to each channel plan.

Figure 5-12 3D apartment layout

Neighbor interference scanning
Scan all of ONTs and Aps RSSI and strength.
Table 5-26 Living room record tabletable

Test environment and networking
ONT install in the living room, and the Aps install the bedrooms.

SSID Name

Signal Strength (dBm)

202-5G

-46

202-5G

-46

302-5G

-70

302-5G

-48

302-5G

-70

203-5G

-82

203-5G

-84

303-5G

-86

ONT and AP，one STB connects to ONT LAN through Cat5, the other tow STBs connect to AP LAN
through Cat5.
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5G Band channel interference scenario test

Table 5-27 Master bedroom record table

SSID Name

Signal Strength (dBm)

202-5G

-51

202-5G

-55

302-5G

-70

302-5G
302-5G

-54
-82

Channel Planing
Table 5-29 Channel Planing Table

Room

R01

R02

R03

rd

36

149

36

nd

149

36

149

st

36

149

36

3 Floor
2 Floor
1 FLoor

103-5G

-92

102-5G

-84

102-5G

-82

102-5G

-59

201-5G

-85

In this scenario, when ONT's 5G duty cycle is less than 80%, the average packet loss rate between

201-5G

-93

ONT and AP is less than 1%, and 4K video is not stuck.

203-5G

-88

203-5G

-71

303-5G

-93

303-5G

-78

Metrics (Pass/Fail Criteria)

Test Results
2 5G Band channel interference scenario test record table is shown in the following table.
Table 5-30 2 5G Band channel interference scenario test record table

ONT + 2 * AP + STB

Table 5-28 Signal strength record table

AP
received
signal
strength

SSID Name

Signal Strength (dBm)

-50

-50

202-5G

-51

302-5G

-64

-60dBm

302-5G

-77

-68dBm

302-5G

-72

-75dBm

101-5G

-95

101-5G

-91

102-5G

-84

102-5G

-84

102-5G

-65

201-5G

-85

201-5G

-77

201-5G

-53

301-5G

-87

301-5G

-95

53

Viede
Throughput
experience
of 4 STAs
（Whether
connect to
or not
ONT (Mbps）
freeze）

Throughput
of 2 STAs
connect to
AP（Mbps）

ONT 5G
duty cycle

Packet loss
rate between
ONT and
AP Wi-Fi air
interface

Viede
experience
（Whether
or not
freeze）
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Test Method

Test Method

5G Band channel interference scenario test

5G Band channel interference scenario test

Channel Planing

Channel Planing

Table 5-31 Channel Planing table

Table 5-33 Channel Planing table

Room
rd

3 Floor
nd

2 Floor
st

1 FLoor

R01
36
149
52

R02

R03

52

Room

149

36

R02

R03

52

100

52

nd

149

36

149

st

52

100

52

3 Floor

52

149

R01

rd

2 Floor

36

1 FLoor

Metrics (Pass/Fail Criteria)

Metrics (Pass/F ail Criteria)

In this scenario, when ONT's 5G duty cycle is less than 80%, the average packet loss rate between

When RSSI>-68dBm and ONT's 5G duty cycle is less than 80%, the average packet loss rate

ONT and AP is less than 1%, and 4K video is not stuck.

between ONT and AP is less than 1%, and 4K video is not stuck.

Test Results

Test Results

3 5G Band channel interference scenario test record table is shown in the following table.

4 5G Band channel interference scenario test record table is shown in the following table.

Table 5-32 3 5G Band channel interference scenario test record table

Table 5-33 4 5G Band channel interference scenario test record table

ONT + 2 * AP + STB
AP
received
signal
strength

Viede
Throughput
experience
of 4 STAs
（Whether
connect to
or not
ONT (Mbps）
freeze）

ONT + 2 * AP + STB
Throughput
of 2 STAs
connect to
AP（Mbps）

ONT 5G
duty cycle

Packet loss
rate between
ONT and
AP Wi-Fi air
interface

Viede
experience
（Whether
or not
freeze）

AP
received
signal
strength

-60dBm

-60dBm

-68dBm

-68dBm

-75dBm

-75dBm
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Viede
Throughput
experience
of 4 STAs
（Whether
connect to
or not
ONT (Mbps）
freeze）

Throughput
of 2 STAs
connect to
AP（Mbps）

ONT 5G
duty cycle

Packet loss
rate between
ONT and
AP Wi-Fi air
interface

Viede
experience
（Whether
or not
freeze）
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Figure 6-2 Test setup by using TCP/UDP flows with the dedicated testing equipmentseparate Packet Generator/Analyzer

Downstream
traffic flow

Upstream
traffic flow
A dedicated testing equipment

Packet Generator/ Analyzer

Instantiations of test setups
Appendix I provides instantiations of test setups as guidelines for execution of the test plan. The
selection of the test equipment is out of scope of this document.

Test setup by using IP packet through TCP or UDP

DUT

Physical Layer
Test Setup

STA

Figure 6-2 shows another example for usage of TCP/UDP flows. The dedicated testing equipment

If TCP/UDP flow is required in the test, the Packet Generator/Analyzer SHALL be IP traffic

containing a common Packet Generator/Analyzer and STA/STAs capability is used in the test.

generator/analyzer. Performance statistics of TCP flow SHOULD conducted from the TCP flow
sender (packet generator) while a performance statistics of UDP flow as a report SHOULD be sent
from the receiver (packet analyzer) to sender (packet analyzer).

Figure 6-3 Test setup by using TCP/UDP flows with an independent STA

Downstream
traffic flow

Figure 6-1 Test setup by using TCP/UDP flows with separate Packet Generator/Analyzer

Downstream
traffic flow

Upstream
traffic flow

Packet Generator/
Analyzer (e.g. PC)

Packet Generator/
Analyzer (e.g. PC)

Packet Generator/
Analyzer

DUT

DUT

Physical Layer
Test Setup

STA

Upstream
traffic flow

Physical Layer
Test Setup

Independent
STA

Figure 6-3 shows another example for usage of TCP/UDP flows. Independent STA/STAs (i.e. being
capable to generate/analyze IP traffic) are used in the test. Additional software SHOULD be

Figure 6-1 shows typical examples when TCP/UDP flows are used in the test. Two independent
Packet Generators/Analyzers are utilized for packet generation/analysis. In this case, STA/STAs

necessary to facilitate packet generation/reception within the STA/STAs. The software is out of
scope in this test plan.

SHALL provide interface to receive/forward packets from/to packet generation/analysis in STA side.
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Test setup by using level-2 Ethernet packet
If level-2 Ethernet packet is required in the test, the Packet Generator/Analyzer for DUT side and the
Packet Generator/Analyzer for STA side MAY be located in the same box (e.g. Test center).
Figure 6-4 shows a typical example when level-2 Ethernet flows are used in the test. A common
Packet Generator/Analyzer provide bidirectional packet generation/reception. In this case, STA/STAs
SHALL provide interface to receive/forward packets from/to packet generation/analysis in STA side.
Figure 6-4 Test Setup by using level-2 Ethernet flows with a common Packet Generator/Analyzer

Downstream
traffic flow

Upstream
traffic flow

Packet Generator/ Analyzer
(e.g. Test center)

DUT
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