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Introduction
Wind noise is generated from wind and turbulence around UE, which is broadband noise almost on low frequency [7]. The broadband noise may affect SNR and STI and cause overload when the wind speed exceeds the ability of UE. 
[bookmark: _Hlk118365478]With the development of immersive audio, the usage scenarios are more and more complicated. UE may be used in windy scenarios, which can cause overload in the capture system. So, it's necessary to test the wind-resistant ability of UE.
The source proposes adding wind noise test item in ATIAS as well as a wind noise test method.

Rationale
Reason to add wind test 
[bookmark: OLE_LINK4]Wind resistance is essential, especially for outdoor scenarios. As mentioned in [1] clause 3.1.1. Stereo and Immersive Telephony, the telephone may be established where the vehicle is driving around. If the vehicle moves at high speed, the wind generated by the passing vehicle will be strong and may influence the audio capture quality. Hence, it's common that the audio call is established in windy scenarios, used in windy weather and/or used while moving. People may hear obvious overload and distortion, which is harmful to communication quality if the wind speed exceeds the wind-resistant ability of UE. 
For the immersive audio, sometimes the atmosphere (or ambience) shared by the participant needs to include the wind noise, which is very important for the immersive experience. So, wind noise is useful in immersive audio, however, is seen as useless noise for mono audio. The UE must work stably in windy scenarios to transmit wind noise information effectively. Therefore, adding a wind noise test is necessary.
Many outdoor devices, windproof equipment and noise-cancel algorithms declare they can be used in windy scenarios for communication, so it's necessary to have a standardized test methodology.
Reason to use a wind generator
The previous relative tests don't use the real-time wind. Recorded wind noise is used for testing [5], and some wind noise is included in some ambience simulated by speakers [4]. But it is not suitable because of reasons as follows.
1. [bookmark: _Hlk118366791][bookmark: _Hlk118367220]Under the same wind speed, the different devices will output different wind noise levels, and some overloads may appear in the output. The differences and overloads caused by wind are impossible to simulate by speakers. So, the wind noise can't only be tested by speakers. 
2. To test the wind-resistant ability, it is needed to generate the wind and control the wind speed near the limit of DUT. Using the real-time wind will get the most realistic result, but it's hard to recurrence and control for a standard test. Therefore, a mechanism is needed to control the wind in the wind noise test.
3. Some noise-cancel algorithms use the direction information of sound. If the wind noise is simulated by speakers, the direction information will differ from the sound caused by the wind. To let those algorithms work correctly, it needs to simulate the real-time wind in the wind noise test.
4. Two current standards are using wind generators in test
a) [bookmark: OLE_LINK3]IEC 60268-4 [2] explore the two kinds of wind generators to simulate wind noise. But it's a standard for the microphone, and it doesn't fully match the test for UE	
b) ETSI TS 103 640 [3] uses the wind generator to test the wind noise insertion gain in the ANC device test.
Hence using a wind generator is a feasible solution for wind noise tests.

Proposal of wind noise test method
Introduction 
This test is applicable to UEs capturing immersive audio, including scene-based (e.g.  First and Higher Order Ambisonics), binaural, channel-based (e.g. 7.1.4, 5.1, stereo), and object-based audio.
[bookmark: _Hlk118382021]test conditions
-	The test conditions should follow the Free-field propagation conditions and test environment noise floor described in TS 26.260[6].
-	wind speed should be 0m/s.
-	The free-field volume should be large enough to avoid influencing the wind.

Wind-generator:
ETSI TS 103 640[3] Annex A lists several turbulent wind generation considerations. Some most important requirements are listed here.
[bookmark: OLE_LINK1]-	Negligible acoustic noise.
-	The airflow wide enough to cover the acoustic test equipment and DUT 
-	The device must keep the target wind speed stable during the test.

Setup for terminals
The setup is referred to TS 26.260[6] and TS 26.132[8]. including the POI, reference point, etc.
Reference point:
Scene-based: geometric centre. [6]
Binaural: centre of the acoustic test equipment EEP-to-EEP axis.[3]
Object-based: geometric centre of all transducers.
Multichannel: geometric centre of all transducers.
Position:
When using handset UE, headset or hand-free terminal, the terminal should be placed on HATS, according to the corresponding standard or recommended position.
Handsets are given in ITU-T Recommendation P.64 Annex E.[10]
Headsets are given in ITU-T Recommendation P.380[9]

Measurement points [6]:
[image: ]
Figure 1: Audio capture block diagram for sending direction measurements
NOTE: The overload point wind speed is a limiting characteristic like the overload sound pressure. All the channels won't affect each other and the processing won't affect the result, so select the standard audio signal to measure, and each channel should be measured independently.

Definition
Overload point wind speed:
 	The maximum wind speed at which the distortion of the terminal does not exceed a specified limit(the value of the limit is TBD) for any possible direction of wind incidence and any channel the device outputted.

Distortion rate:
	Since the clipping appears more frequently at higher wind speed, the probability of clipping appearing in the test signal can indicate distortion rate caused by wind. 
So, the source suggests using the rate of clipped frames in all test frames as the distortion rate.
	[image: ] 


Wind noise measurement method with wind generator for send direction.
a) The UE device under test is mounted in the free-field volume such that its reference point is on the axis of the wind generator exit port and 30 cm from the exit port.
Repeat steps b-c) with an azimuth angular resolution of N degrees for every possible wind direction:
NOTE 2:  Since limiting the wind direction in real usage scenarios is not suitable, the test should be implemented in every possible wind direction.
b) The wind generator is the target wind speed on the DUT, and the airflow should cover the DUT. 
c) The output of the UE device is stored for offline analysis. The signal should be stored before the wind start and its duration time should larger than 60s.

Increasing the wind speed and repeating the test until the output signal is overloaded or reaches the expected wind speed.
NOTE 3: the wind speed should be selected carefully to avoid the overload damage caused by wind influence on the later test

Calibration of wind-resistant ability
The wind-resistant ability represents with the wind speed overload point, which means the terminal can work stable in all directions, and all channels with the wind speed don't exceed the overload point.
The terminal, with several audio channels output, should be calibrated by every channel. 

Conclusion
According to the descriptions above, it is recommended to add a wind noise test in ATIAS. A test method using a wind generator to simulate wind is proposed to evaluate wind distortion caused by the wind for the UE device. 
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