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1 Background
At SA4#62 the SQ SG discussed several proposals to update the receive handset/headset wideband (WB) frequency mask in Clause 6.4.2 of TS 26.131.

A summary of the proposals discussed at SA4#62 is shown in Figure 1 – this figure is derived from the Excel sheet displayed (kindly provided offline) by Sony Ericsson. 
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Figure 1: Receive WB masks for handset/headset.
Four different masks are represented in Figure 1:

· The ETSI mask with diffuse-field (DF) correction – see mask in yellow - which was considered as part of S4-110006 (Clause 6.4.2)
· The current 3GPP mask with ERP to DRP correction (Clause 6.4.2 of TS 26.131 V9.3.0), further converted to DF – see mask in dotted blue

· The  current 3GPP mask with DF correction in S4-110154 – see mask in green

· The last minute proposal by Qualcomm that appeared in S4-110142 – see mask in red
As noted in SA4#62, the ETSI mask is narrower in low frequencies; it has a dip in the lower limit in the 1-2 kHz range, and the upper limit is not flat.

The current 3GPP mask assumes a DRP to ERP correction, however its shape did include the provisional update to DF; therefore the Source recalls that the applicability of the current 3GPP mask with DF was anticipated in Rel8.

Furthermore, the mask proposed by Qualcomm coincides with the current DF-based 3GPP mask with the following exceptions:
· The upper limit of Qualcomm's proposal is flat, while the current DF-based 3GPP mask has a tilt in high frequencies starting at 1 kHz

· The lower limit of Qualcomm's is setting a flat constraint over a narrowband range (300 -3200 Hz) to be compared with the expected wideband range of frequencies.

2 Report of measurements on wideband mobile phones
To decide on the 'optimal' mask providing sufficient guidelines and provisions for design freedom and physical limits (form factors), an inductive reasoning is developed hereafter. Instead of developing a theoretical mask, current wideband terminals were analyzed to identify a proper mask for receive handset/headset conditions.
Measurements were conducted on 16 wideband devices (integrating AMR-WB). All measurements have been measured according to TS 26.132 and using Diffuse Field correction.
Measurements were correlated with expert listening subjective evaluation, taking into account especially the fidelity of voices.

Out of the 16 tested devices, several sets were identified:

· Devices with sufficient wideband quality were labeled "HD", which stands for "High-Definition". Out of the "HD" set, two categories were defined.

· Devices with unsatisfactory quality were not labeled and were therefore denoted "non HD"

The subsets defined from expert subjective listening tests are shown in Table 1.

Table 1: Definition of device subset.
	Subset
	Number of devices

	HD – good
	5

	HD – poor
	6

	Non HD
	5


2.1 Measurement results for receive WB handset/headset
Five devices from 4 different manufacturers, that were labeled "HD" (High-Definition Voice) and provided good wideband quality and had a mask complying with both the current 3GPP mask and Qualcomm's proposal, as shown in Figure 2.
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Figure 2: Receive WB masks for 5 devices ("HD - good" set).
On the other hand, 5 other devices, that were not labeled "HD", provided poor fidelity in expert subjective tests. The associated frequency masks are shown in Figure 3. They are all out of mask. One device has its frequency response far from both masks, two are 5dB outside masks, and two are close to both masks. 
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Figure 3: Receive WB masks for 5 devices ("non HD" set).
Nevertheless, two “non HD” devices are very close to Qualcomm's proposal, as show in Figure 4.
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Figure 4: Receive WB masks for 2 devices (subset of "non HD" set shown in Figure 3).
Based on the above results the Source believes that the criteria proposed by Qualcomm cannot be used to discriminate HD / non HD devices.

2.2 Further measurement results 
Some devices, that were labeled "HD", had a mask fitting in the current 3GPP mask, but do not provide a full wideband user experience in terms of subjective perception and preserved fidelity. The fidelity issues especially come from the non-balanced energy in low frequency area (250 Hz-1kHz) and high frequency area (2,5kHz-5kHz), even if they fit the 3GPP mask, as shown in Figure 5.
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Figure 5: Receive WB masks for 6 devices ("HD - poor" set).
2.3 Analysis summary
Qualcomm's proposal for WB receive handset/headset mask is not a good way to guarantee sufficient level of quality for devices (fidelity), as the devices in the "HD - good" set provide a lot of margin with respect to mask, and some devices denoted "non HD" are close to this mask, while HD devices which are not fully satisfactory in terms of quality ("HD - poor") are still within this mask.

3 Proposal
We propose an alternative mask, based on balanced “energy” between low and high frequencies, with a tolerance between the two areas. The corresponding limits are shown in Table 2 and the proposed mask is illustrated in Figure 6.

Table 2: Proposed limits.
	
	Frequency (Hz)
	Higher limit
	Lower limit
	

	
	
	proposal
	proposal
	

	
	200
	6
	-6
	

	
	350
	6
	0
	

	
	400
	6
	0
	

	
	800
	6
	0
	

	
	1000
	6
	-3
	

	
	2 000
	6
	-3
	

	
	3 000
	6
	-1
	

	
	5 000
	6
	-1
	

	
	6 000
	6
	-5
	

	
	6 300
	6
	-8
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Figure 6: Proposed mask.
	
	
	
	


The rationale for having two "narrow" parts in the mask, one part in lower frequencies, another part in hgher frequencies, is to ensure that the level of bass and treble is more or less the same, which ensures some frequency balance and fidelity in voice rendering.
Note that all devices in the "HD-good" set are fully "compatible” with the proposal, and one is very close to the proposed mask, as shown in Figure 7.
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Figure 6: Validation of proposed mask for "HD - good" set (5 devices).
Moreover, the devices in the "HD-pass" that do not provide a sufficient wideband experience in terms of subjective perception are properly "detected" as shown in Figure 7.
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Figure 6: Other validation of proposed mask for "HD - poor" set (6 devices).
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