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Introduction
In recent years, the form factor of smartphones has been changed to full display design for consumers who want larger screen. As a result, the camera has hidden under the display and the earpiece hole has moved to the top edge of the device. This new position of the earpiece hole can affect the acoustic characteristics of the device as it is tested in the same way as the older devices. Therefore, the consideration of requirement for the new form factor is needed.
It is showed positions of the earpiece hole of some recent devices with marked yellow line on images of the Figure 1.
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Figure 1. The position of an earpiece hole in recent devices
Background 
The position of earpiece hole of the full display device can affect acoustic characteristics of the device as it is tested in handset mode with ECRP (earcap reference point) according to ITU-T P.64 [1] referenced by 3GPP TS 26.131 [2] and TS 26.132 [3].
DUT A is the full display phone having the earpiece hole at the end of the device, which only leaves 1mm between the earpiece to the upper edge. In contrast to DUT A, DUT C has a distance of 14mm between the earpiece hole and the upper edge, which is similar to that of the older devices. DUT B has a distance of 5mm that is in the mid-range of DUT A and C. Figure2 shows the handset holding status according to ECRP position with 3 different devices having the earpiece hole at different place. The position of the centre of the plate on DUT A, B, and C is different depend on the location of the earpiece hole in devices.
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Figure 2. Handset holding status according to ECRP position for DUT A, B and C

In the case of DUT A, the artificial ear is not completely covered when it is mounted on HATS for testing, as a result, the sound leakage amount increases and the measured loudness tends to be smaller than practical sound. This unintended sound leakage makes DUT has to generate louder sound in order to comply the RLR specification, and that leads to the minimum volume being too louder for the user in handset mode. Therefore, it is needed to discuss minimum RLR in handset mode for full display devices.
Measurements 1 
[image: ]To compare relative leakage between devices with same RLR at the minimum volume, HATS (1) and HATS (2) were placed 30cm apart in the anechoic chamber. DUT was mounted on HATS (1) for measuring normal RLR. HATS (2) measured sound leakage amount between DUT and HATS (1) pinna. HATS (1) and HATS (2) connected to the same audio interface to measure loudness simultaneously. DUT 
 30 cm   

 DUT A, B and C with different earpiece position were prepared to compare the sound leakage amount. RLR was measured on the ECRP position with DUT A, B and C at minimum volume by HATS (1). The RLR at the minimum volume of all devices were 17 dB approximately. The sound leakage amount of devices, which has similar loudness and different earpiece position, were compared.HATS (1)
HATS (2)
Figure 3. Test condition

DUT A with the earpiece at the top edge dose not completely covered the artificial ear when it was mounted on HATS (1). Therefore the sound leakage amount to the outside end up increasing in case of DUT A.
The sound leakage amount of devices were different although RLR is similar in ECRP position.
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	Bandwidth
	Item
	DUT A
	DUT B
	DUT C

	Narrow Band
	HATS (1) RLR
	17.1 dB
	17.6 dB
	17.7 dB

	
	HATS (2) RLR
	54.8 dB
	58.3 dB
	61.7 dB

	Wide Band
	HATS(1) RLR
	16.7 dB
	17.0 dB
	17.4 dB

	
	HATS(2) RLR
	53.5 dB
	56.6 dB
	59.4 dB


Table 1. Test Result
In narrow band, the loudest sound leakage amount was 54.8 dB in DUT A with the earpiece hole at the edge of device. DUT C in which the earpiece placed 14mm apart from the edge of device was the quietest sound leakage amount of 61.7 dB. In the same way, in wide band, DUT A was the loudest sound leakage amount of 53.5 dB and DUT C was the quietest sound leakage amount of 59.4 dB.
Measurements 2
The performance of DUT is changed for different positions. To check this, RLR was measured at minimum and maximum volume setting in different positions with 5mm, 10mm shifted from ECRP to MECRP (manufacturer-defined earcap reference point). And the iterative procedure was applied to two commercially available full display devices. All experiments were tested in handset mode in the anechoic chamber.
[bookmark: _GoBack]Table 2 shows RLR results across shifted for each volume setting of DUT D and E. At minimum volume, as the position shifted from ECRP to MECRP, the RLRs were decreased about 3 dB ~ 5 dB. That means the sound leakage amount to outside was decreased so that the RLR tends to be measured smaller than practical sound. The RLR of the minimum volume was 16.2dB and 14.8 dB in the ECRP position, but it measured louder in the MECRP position where there is less sound leakage.
If it is tested in the MECRP position, especially moved -10mm on the Y axis, the practical loudness of DUT can be set to less than in ECRP position, so a sufficiently small sound can provided to the users. However, the maximum RLR is out of range of the RLR regulation of 3GPP which the RLR shall not be ≤ (equal or louder than) -13 dB and shall not be ≥ (equal or quieter than) ‑3dB. (Table 2 & 3)
	Position
	Max. RLR
	Min. RLR

	ECRP
	-11.6
	16.2

	(a) Shift Ye axis -5mm 
	-12.6
	15.2

	(b) Shift Ye axis -10mm
	-16.3
	11.5


Table 2. RLR (in dB) vs at volume settings (DUT D)

	Position
	Max. RLR
	Min. RLR

	ECRP
	-9.7
	14.8

	(a) Shift Ye axis -5mm 
	-10.2
	14.3

	(b) Shift Ye axis -10mm
	-13.2
	11.3


Table 3. RLR (in dB) vs at volume settings (DUT E)

Proposal
In consideration of the above results, we propose to change the RLR of the minimum volume in handset mode of “that shall not be ≥ (equal or quieter than) 18dB” to “RLR that shall not be ≥ (equal or quieter than) 24dB” from Release 18, as addressed in CR document attached.
If the loudness of the minimum volume is too small to hear, the user could set the volume up, so lowering the standard of the minimum volume RLR does not cause any inconvenience to the user. 
It can be measured in MECRP for setting the minimum RLR properly, but the maximum RLR does not meet the standard of 3GPP, as showed in Table 2. In order to satisfy the maximum RLR standard, the loudness of the maximum volume must be reduced by up to about 3.3 dB in case of DUT D, which is difficult to apply. This is because some consumers have complaint that the sound of the maximum volume is not loud enough.
Conclusions
The current regulations were made when the earpiece hole was placed apart from the top edge of the display in most devices. But now, almost devices are being released with the earpiece hole placed at the top edge of the device to support full display.
Although the devices are tested by the current test method in order to comply with the receiving loudness rating (RLR) regulation, the test method needs to be changed to adapt to the new configuration in today’s devices and provide better sound loudness to consumers.
Reference
[1] Recommendation ITU-T P.64, „Determination of sensitivity/frequency characteristics of local telephone systems,“ 06/2019
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