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Abstract
[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101]The present document: (1) reports on a recent trend by OEMs to use the UE display, combined with an actuator, to radiate sound into the ear canal. (2) proposes a study item to verify if any changes to 3GPP specs are necessary to accommodate testing/requirements for these devices. 
1. Introduction/Background
Mobile phones in handset mode have traditionally used electrodynamic transducers to radiate sound waves into the user’s ear canal. An acoustic port and other form factor features designed to optimize the acoustic coupling between the transducer and the ear canal were also commonly employed, often on a flip design. Figure 1 shows an example of a device from 1996 featuring such design:
[image: Motorola Startac]
Figure 1 - Motorola StarTac (1996)
With voice communication being the primary function for a UE, even when a flip design was not employed the earpiece structure would occupy a significant portion of the device. Figure 2 shows an example of a device from 1998.
[image: Nokia 5110]
Figure 2 - Nokia 5110 (1998)
As UEs increasingly incorporated other functionalities, the display increased in size and the space allocated for the earpiece reduced. Figure 3 shows an example of a device from 2000.
[image: Sharp J-SH04]
Figure 3 - Sharp J-SH04 (2000)
With bigger displays and thinner devices, a trend towards designing earpieces with a flat surface started to emerge. Figure 4 is a popular example from 2002.
[image: BlackBerry 6210]
Figure 4 - BlackBerry 6210 (2002)
Furthermore, the distance between the earpiece port and the top edge of a device continued to reduce, causing the interface between the UE and the listener to have more acoustic leakage. Figure 5 shows an example of a flip phone from 2004 with the earpiece ports pushed substantially to the edge
[image: Motorola Razr V3]
Figure 5 - Motorola RAZR V3 (2004)
With the advent of capacitive touch screens, fully flat devices started to become the norm. The LG KE850, depicted in Figure 6 is an early example of such a device.
[image: Image result for LG KE850 image]
Figure 6 - LG KE850 (2006)
Since then, screens have become increasingly larger, occupying more real estate on the device. Recently, UEs featuring displays going all the way to the edge of the device have started to gain traction in the market. These devices accomplish transduction by using actuators mounted to the phone structure or back of the display, essentially using the Display as Receiver (DaR). By using such an approach these devices do not require an acoustic port and have sound radiating from a broader area of the device.
[image: Image result for Xiaomi Mi Mix][image: C:\Users\aschevci\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\EAEBE3E3.tmp][image: Image result for sharp aquos crystal]
Figure 7 - Xiaomi Mi Mix, Vivo NEX S, Sharp AQUOS Crystal (2014-2018)
2. [bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK72]Potential for revision of test methods requirements
When using a DaR configuration, two aspects are different when compared to traditional earpieces: (1) the entire display and structure vibrate and can come in contact with anatomical structures of the user; (2) there is no clearly defined acoustic port/center of the earpiece to define the location for testing.
3. Proposal
The source proposes that 3GPP SA4 initiates a study item to investigate the suitability of current 3GPP test methods, equipment and performance requirements for UEs featuring DaR. The study item should produce a Technical Report and, if changes to existing test methods or requirements be deemed necessary, a work item can follow. 
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