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1. Background 

[bookmark: _Hlk170239134]Subclause 6.3 of TR 26.933[1], reviews microphone designs for the terminals such as mobile phones, headphones, tablets, laptops, and watches. Source would like to propose a summary for the Subclause 6.3. 
2. Discussion
The following content in 6.3.6 is proposed for inclusion in the clause 6.3 of TR 26.933. 
6.3. Microphone design for terminals 
[bookmark: _Toc167308476]Microphone design for mobile phones
Modern smartphone devices come with inbuilt MEMS microphones supporting more than one microphone, while the top end devices have inbuilt microphones between 3 to 4; mid-range devices support dual microphones. With multi-microphones as a feature, they offer several advantages over devices with mono including improved audio quality, better spatial awareness, more accurate noise cancellation, better sound localization.
The spacing between the multi-array microphones, its polar pattern and the number of microphones varies from device to device. However, generally the spacing ranges from 3cm – 17cm. The following table 6.3.1-1 covers the specifications of these microphones in smartphones.
Table 6.3.1-1: MEMS Microphone example characteristics for Multi-array microphones in Smartphone.
	Number of Microphones
	Placement of Microphones
	Spacing
	Polar Pattern

	Dual Microphone 
array 
	
Top and Bottom of Bezel
	12 to 17 cm
	Omni-directional or Cardioid

	
	Bottom of Bezel and rear facing
	10 to 15 cm
	

	Triple Microphone array 
	Top, Bottom of Bezel and Rear Facing
	5 to 17 cm
	Omni-direction, Cardioid, directional

	Quad Microphone array 
	Top, Dual Bottom of Bezel and Rear Facing
	5 to 17 cm
	Omni-direction, Cardioid, directional


Microphones with 3cm stereo spacing are usually located at the bottom of the bezel (left and right side of USB C-Port), while the larger spacing is achieved with a combination of top, bottom bezel microphone and/or rear facing microphone. Because the user can operate and hold the device in a variety of ways, a combination of these microphones can be activated for stereo voice communication and efficient capturing configuration is possible with advancements in audio processing by means of fine-tune of audio signals through pre-processing which offers great potential for enhancing stereo performance for different user end consumption scenarios such as loudspeaker and/or headphones.
[bookmark: _Toc167308477]Microphone design for headphones
Generally, headphone form factors can be divided into 3 categories over-ear, on-ear, in-ear. Nowadays, wireless headphones are quite popular, and these devices are often connected to a smartphone or a portable device via Bluetooth both for speech communication and for audio streaming. These devices are equipped with MEMS microphones supporting more than one microphone. The number and placement of microphones per device category vary from manufacturer to manufacturer with the goal of delivering better sound quality and spatial experiences.   
Despite the form-factor for in-ear headphones being comparatively smaller compared to on and over-ear devices, in-ear devices incorporate up to 6 microphones (3 per bud), while on-ear devices incorporate up to 9 microphones, with a major focus on improving user experience.  Tables 6.3.2-1 and 6.3.2-2 cover the specification of these microphones for on-ear, over-ear, and in-ear.  
Table 6.3.2-1: MEMS microphone example characteristics for multi-array microphones for on-ear or over-ear devices
	Number of Microphones per pair 
	Placement of Microphones  
	Polar Pattern 

	up to 9* microphones 
	up to 3 external microphones per side distributed.  
on the outside ear cup. 
	Omnidirectional 

	
	1 internal microphone per side 
	

	
	w/wo 1 dedicated microphone for voice (right cup) 
	


 
9* For some headphones (on-ear), up to 9 microphones are available, while others may have fewer than 9 microphones.  
Table 6-3-2-2: MEMS microphone example characteristics for multi-array microphones for in-ear devices  
	Type 
	Number of Microphones per pair 
	Placement of Microphones per side 
	Polar Pattern 

	Pod 
	Up to 6* 
	Bottom of the stem (1), Top of the stem (1) 
w/wo Inward facing microphone (1) 
	Omnidirectional /Cardioid 

	Bud 
	
	2 mics located on the outer part of the bud w/wo one inward facing microphone 
	


6* Some headphones may incorporate one or two additional bone conduction microphone(s).  
 
The general tendency among wireless headphone manufacturers is primarily focused on delivering better noise cancellation. To achieve this, larger microphone arrays up to 4 per side is used.  
[bookmark: _Toc167308478]Microphone design for tablets
Tablets share a similar structure with mobile phones but are significantly larger in size. This allows for more flexibility in the placement of microphones, with some tablets accommodating up to five microphones.  
Small microphone arrays are also a common feature on tablets. However, due to the less common handheld mode in tablets, microphones near the USB port - the closest location to the mouth in handhold mode - are rarely seen. Instead, microphones are typically located near the front and back camera modules and along the edges of the tablet, refer to table 6.3.3-1 . 

Table 6.3.3-1 MEMS microphone example characteristics for multi-array microphones for tablets
	Number of Microphones  
	Placement of Microphones  

	up to 5 microphones 
	1-3 on the top of the devices (near the front camera) 

	
	1 on near the back camera 

	
	1 on the edge of device 


[bookmark: _Toc167308479]Microphone design for laptops
Due to the clamshell structure of laptop, in current devices, there are more options for microphone placement. Some are positioned on the screen part, while others are located on the keyboard section.  More potential microphone location resulted in larger microphone distance, and moveable microphone location. 
Some popular microphone placements on laptop are explained in following figures: 
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Figure 6.3.4-1 Laptop microphone placement 1 
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Figure 6.3.4-2 Laptop microphone placement 2 
 
 
[image: A screen shot of a computer

Description automatically generated] 
Figure 6.3.4-3 Laptop microphone placement 3 
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Figure 6.3.4 Laptop microphone placement 4 
[bookmark: _Toc167308480] Microphone design for  watches
Modern watch devices are increasingly equipped with microphones and speakers, enabling them to independently establish speech services.  
Some up-to-date models often feature two built-in microphones. Typically, one microphone is located on one edge of the watch, while the second is situated on the opposite edge. The spacing between these microphones generally correlates with the size of the watch, ranging from 3-5cm. 

Summary
MEMS microphones are the default choice for the UEs discussed in the 6.3.1 – 6.3.4 sub-clauses. Each UE category typically includes a minimum of two microphones, enabling multi-channel capture, which may offer improved audio quality, better spatial awareness, enhanced noise suppression, and sound localization compared to a mono microphone. However, to achieve optimal sound quality with a multi-microphone setup, several factors should be considered, such as microphone placement, type, characteristics, user interaction and handling, etc. 
Some of the UE designs has narrow spacing between microphones, which may result in poor spatial characteristics and may not provide the best sound quality for multi-channel capture. For UE categories such as smartphones, users can hold and operate their devices in various ways, which can obstruct microphones and affect audio quality, stereo imaging, or spatial awareness. Additionally, variations in hardware quality across different devices and UEs can also lead to inconsistent audio performance, even within the devices of the same UE brand. 
To fully benefit from 3GPP IVAS (Immersive Voice and Audio Services) codec for the UEs of various categories, a balanced microphone design recommendation per UE category should be developed without restricting the manufacturer’s flexibility in UE hardware design.  

3. Conclusion

Source proposes to agree on the inclusion of clause 6.3.6 into the TR 26.933 
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