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1 Introduction
In Annex B of TS 26.132 Rel. 11 [2] a new double talk test procedure is described. The general classification of the results is described in TS 26.131 Rel.11 [1].  In [3], some results obtained using this test method were reported.  This contribution provides additional test results from 11 recently-released mobile phones using the double talk test method of [2], incorporating the updates to the analysis agreed at SA4#73. In contrast to [3], these results focus on narrowband operation, in both handset and hands-free mode.
2 Test Method

As in [3], the test method used is according to TS 26.132 [2]. The test signal is the speech-based double talk test signal as specified in ITU-T Recommendation P.501 [4]. 
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Figure 1: Double talk test sequence ITU-T P.501

The category classification applied is according to [1] (Figure 2 and Table 1 from [1]).
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Figure 2: Classification of echo canceller performance

Table 1 Categories for echo canceller performance classification
	Category
	Description

	A1
	Full-duplex and full transparency

	A2
	Full-duplex with level loss in Tx

	B
	Very short clipping

	C
	Short clipping resulting in loss of syllables

	D
	Clipping resulting in loss of words

	E
	Very short residual echo

	F
	Echo bursts

	G
	Continuous echo


As noted in [3], the higher the percentage found in one class the more likely that the device can be specified according to the description found in the individual class. As defined in [2], the results are presented separately for Segment 1 and Segment 2 (see Fig. 1). In Segment 1 only short double talk occurs (the word “five”), in Segment 2 more continuous double talk occurs which is similar to the CSS-based double talk tests as described in ITU-T Recommendation P.502 [4] and P.340 [5].

As noted in [3], if there is an echo problem it might be mostly noticeable in the single talk sections, if there is a clipping problem it might be mostly noticeable in the double talk sections.

3 Results
The results are presented according to Mode, Single or Double-talk and Segment.
3.1 Handset mode
Table 2 Handset mode, Single talk, Segment 1
	Device
	BW
	Mode
	ST Class A1
	ST Class A2
	ST Class B
	ST Class C
	ST Class D
	ST Class E
	ST Class F
	ST Class G

	1
	NB
	HS
	89.5%
	1.6%
	0.0%
	2.0%
	0.0%
	0.7%
	1.1%
	5.1%

	2
	NB
	HS
	45.7%
	51.0%
	0.3%
	0.0%
	0.0%
	2.4%
	0.5%
	0.0%

	3
	NB
	HS
	99.9%
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	4
	NB
	HS
	95.1%
	1.6%
	0.3%
	0.9%
	0.0%
	1.1%
	0.9%
	0.0%

	5
	NB
	HS
	94.6%
	2.2%
	0.0%
	0.0%
	0.0%
	0.1%
	3.1%
	0.0%

	6
	NB
	HS
	99.9%
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	7
	NB
	HS
	98.5%
	0.2%
	0.0%
	0.0%
	0.0%
	0.2%
	1.1%
	0.0%

	8
	NB
	HS
	62.6%
	18.4%
	0.5%
	0.6%
	2.6%
	1.9%
	13.4%
	0.0%

	9
	NB
	HS
	98.1%
	0.3%
	0.1%
	0.0%
	0.0%
	0.1%
	1.3%
	0.0%

	10
	NB
	HS
	99.7%
	0.2%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	11
	NB
	HS
	99.5%
	0.3%
	0.0%
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%


Table 3 Handset mode, Single talk, Segment 2
	Device
	BW
	Mode
	ST Class A1
	ST Class A2
	ST Class B
	ST Class C
	ST Class D
	ST Class E
	ST Class F
	ST Class G

	1
	NB
	HS
	93.2%
	0.3%
	0.7%
	0.0%
	0.0%
	0.8%
	1.6%
	3.5%

	2
	NB
	HS
	39.5%
	59.3%
	0.3%
	0.0%
	0.0%
	0.9%
	0.0%
	0.0%

	3
	NB
	HS
	99.0%
	1.0%
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	4
	NB
	HS
	93.4%
	2.9%
	0.3%
	1.2%
	0.0%
	1.6%
	0.6%
	0.0%

	5
	NB
	HS
	96.7%
	2.2%
	0.3%
	0.0%
	0.0%
	0.0%
	0.9%
	0.0%

	6
	NB
	HS
	99.8%
	0.1%
	0.0%
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	7
	NB
	HS
	99.5%
	0.0%
	0.0%
	0.0%
	0.0%
	0.5%
	0.0%
	0.0%

	8
	NB
	HS
	64.6%
	11.4%
	0.3%
	0.0%
	0.0%
	2.5%
	9.1%
	12.2%

	9
	NB
	HS
	92.8%
	0.2%
	0.0%
	0.0%
	0.0%
	0.8%
	3.5%
	2.8%

	10
	NB
	HS
	99.6%
	0.2%
	0.0%
	0.0%
	0.0%
	0.3%
	0.0%
	0.0%

	11
	NB
	HS
	98.2%
	0.0%
	0.0%
	0.0%
	0.0%
	1.8%
	0.0%
	0.0%


Table 4 Handset mode, Double talk, Segment 1
	Device
	BW
	Mode
	DT Class A1
	DT Class A2
	DT Class B
	DT Class C
	DT Class D
	DT Class E
	DT Class F
	DT Class G

	1
	NB
	HS
	90.2%
	8.8%
	1.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	2
	NB
	HS
	98.8%
	1.2%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	3
	NB
	HS
	98.8%
	1.0%
	0.2%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	4
	NB
	HS
	95.1%
	4.9%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	5
	NB
	HS
	69.0%
	30.7%
	0.0%
	0.0%
	0.0%
	0.3%
	0.0%
	0.0%

	6
	NB
	HS
	100.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	7
	NB
	HS
	100.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	8
	NB
	HS
	99.2%
	0.8%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	9
	NB
	HS
	99.0%
	0.0%
	0.0%
	0.0%
	0.0%
	1.0%
	0.0%
	0.0%

	10
	NB
	HS
	100.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	11
	NB
	HS
	99.5%
	0.0%
	0.0%
	0.0%
	0.0%
	0.5%
	0.0%
	0.0%


Table 5 Handset mode, Double talk, Segment 2

	Device
	BW
	Mode
	DT Class A1
	DT Class A2
	DT Class B
	DT Class C
	DT Class D
	DT Class E
	DT Class F
	DT Class G

	1
	NB
	HS
	73.5%
	24.0%
	0.1%
	2.4%
	0.0%
	0.0%
	0.0%
	0.0%

	2
	NB
	HS
	93.4%
	6.5%
	0.0%
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	3
	NB
	HS
	96.7%
	1.9%
	0.0%
	0.0%
	0.0%
	0.1%
	1.2%
	0.0%

	4
	NB
	HS
	67.0%
	27.2%
	0.7%
	5.1%
	0.0%
	0.0%
	0.0%
	0.0%

	5
	NB
	HS
	65.9%
	31.7%
	0.5%
	1.0%
	0.0%
	0.9%
	0.0%
	0.0%

	6
	NB
	HS
	100.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	7
	NB
	HS
	99.9%
	0.0%
	0.0%
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	8
	NB
	HS
	94.4%
	2.3%
	0.6%
	2.6%
	0.0%
	0.0%
	0.0%
	0.0%

	9
	NB
	HS
	96.7%
	2.4%
	0.0%
	0.0%
	0.0%
	0.9%
	0.0%
	0.0%

	10
	NB
	HS
	99.8%
	0.1%
	0.0%
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	11
	NB
	HS
	92.3%
	2.3%
	0.0%
	0.0%
	0.0%
	5.4%
	0.0%
	0.0%


In single-talk handset mode (Tables 2 and 3) the some devices (marked in yellow) indicated some clipping issues with a level loss of up to 15 dB. For device 8 (marked in blue) also some echo issues seem to be present showing in some percent of residual echo or echo bursts (Class F & G). 
During double talk (Tables 4 & 5) none of the devices seems to have substantial issues with clipping (all show very high % in classes A1 & A2).  Device 11 is showing about 5% in Class E “very short residual echo” in Double talk, Segment 2 (marked in blue in Table 5.  Whether this is of perceptual concern is a question for subjective evaluations.
3.2 Hands-free mode
Table 6 Hands-free mode, Single talk, Segment 1
	Device
	BW
	Mode
	ST Class A1
	ST Class A2
	ST Class B
	ST Class C
	ST Class D
	ST Class E
	ST Class F
	ST Class G

	1
	NB
	HS
	96.6%
	0.5%
	0.5%
	0.7%
	0.0%
	0.2%
	1.6%
	0.0%

	2
	NB
	HF
	95.9%
	2.2%
	1.0%
	0.0%
	0.0%
	0.5%
	0.4%
	0.0%

	3
	NB
	HF
	99.9%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	4
	NB
	HF
	4.0%
	1.3%
	0.1%
	0.0%
	0.0%
	0.7%
	3.0%
	90.8%

	5
	NB
	HF
	58.8%
	2.5%
	0.2%
	0.8%
	0.0%
	1.1%
	12.0%
	24.8%

	6
	NB
	HF
	39.2%
	59.8%
	0.7%
	0.0%
	0.0%
	0.3%
	0.0%
	0.0%

	7
	NB
	HF
	96.7%
	1.1%
	0.2%
	2.0%
	0.0%
	0.0%
	0.0%
	0.0%

	8
	NB
	HF
	88.7%
	4.8%
	0.5%
	1.8%
	0.0%
	0.0%
	2.4%
	1.8%

	9
	NB
	HF
	95.6%
	1.2%
	0.5%
	1.4%
	0.0%
	0.3%
	1.1%
	0.0%

	10
	NB
	HF
	87.9%
	7.9%
	0.8%
	1.0%
	0.0%
	1.8%
	0.6%
	0.0%

	11
	NB
	HF
	93.5%
	3.8%
	0.3%
	0.9%
	0.0%
	0.1%
	1.3%
	0.0%


Table 7 Hands-free mode, Double talk, Segment 1

	Device
	BW
	Mode
	DT Class A1
	DT Class A2
	DT Class B
	DT Class C
	DT Class D
	DT Class E
	DT Class F
	DT Class G

	1
	NB
	HS
	17.6%
	16.3%
	1.3%
	14.7%
	50.0%
	0.0%
	0.0%
	0.0%

	2
	NB
	HF
	22.9%
	3.9%
	0.0%
	8.2%
	65.0%
	0.0%
	0.0%
	0.0%

	3
	NB
	HF
	42.8%
	29.2%
	1.3%
	25.4%
	0.0%
	1.3%
	0.0%
	0.0%

	4
	NB
	HF
	9.7%
	3.3%
	0.9%
	0.0%
	86.0%
	0.0%
	0.0%
	0.0%

	5
	NB
	HF
	24.2%
	30.6%
	2.3%
	30.9%
	12.0%
	0.0%
	0.0%
	0.0%

	6
	NB
	HF
	17.0%
	11.1%
	1.5%
	12.3%
	58.2%
	0.0%
	0.0%
	0.0%

	7
	NB
	HF
	53.5%
	32.5%
	1.8%
	12.2%
	0.0%
	0.0%
	0.0%
	0.0%

	8
	NB
	HF
	23.3%
	40.9%
	1.6%
	24.1%
	8.8%
	1.3%
	0.0%
	0.0%

	9
	NB
	HF
	13.8%
	28.7%
	0.8%
	21.4%
	35.0%
	0.3%
	0.0%
	0.0%

	10
	NB
	HF
	25.1%
	7.0%
	2.2%
	20.9%
	43.8%
	1.0%
	0.0%
	0.0%

	11
	NB
	HF
	19.5%
	18.5%
	1.0%
	23.9%
	37.1%
	0.0%
	0.0%
	0.0%


Table 8 Hands-free mode, Single talk, Segment 2

	Device
	BW
	Mode
	ST Class A1
	ST Class A2
	ST Class B
	ST Class C
	ST Class D
	ST Class E
	ST Class F
	ST Class G

	1
	NB
	HF
	98.6%
	0.9%
	0.4%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	2
	NB
	HF
	67.5%
	1.5%
	0.0%
	0.0%
	0.0%
	4.4%
	17.8%
	8.8%

	3
	NB
	HF
	99.3%
	0.7%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	4
	NB
	HF
	62.9%
	9.3%
	0.6%
	0.0%
	0.0%
	1.9%
	3.5%
	21.7%

	5
	NB
	HF
	59.6%
	9.3%
	0.0%
	0.9%
	0.0%
	0.9%
	11.4%
	17.9%

	6
	NB
	HF
	40.5%
	58.1%
	0.9%
	0.0%
	0.0%
	0.5%
	0.0%
	0.0%

	7
	NB
	HF
	97.9%
	1.1%
	1.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	8
	NB
	HF
	43.9%
	2.5%
	0.3%
	0.0%
	0.0%
	1.1%
	2.7%
	49.4%

	9
	NB
	HF
	97.8%
	1.2%
	1.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	10
	NB
	HF
	92.0%
	3.0%
	1.3%
	0.0%
	0.0%
	2.1%
	1.7%
	0.0%

	11
	NB
	HF
	94.6%
	2.7%
	0.9%
	0.0%
	0.0%
	0.2%
	1.5%
	0.0%


Table 9 Hands-free mode, Double talk, Segment 2
	Device
	BW
	Mode
	DT Class A1
	DT Class A2
	DT Class B
	DT Class C
	DT Class D
	DT Class E
	DT Class F
	DT Class G

	1
	NB
	HF
	12.6%
	26.1%
	1.1%
	16.3%
	43.9%
	0.0%
	0.0%
	0.0%

	2
	NB
	HF
	21.8%
	21.7%
	1.8%
	28.4%
	23.4%
	0.1%
	2.9%
	0.0%

	3
	NB
	HF
	58.2%
	21.8%
	2.7%
	16.2%
	0.0%
	0.4%
	0.7%
	0.0%

	4
	NB
	HF
	10.2%
	10.3%
	1.9%
	30.3%
	47.3%
	0.0%
	0.0%
	0.0%

	5
	NB
	HF
	26.5%
	39.1%
	4.6%
	29.6%
	0.0%
	0.1%
	0.0%
	0.0%

	6
	NB
	HF
	9.1%
	16.6%
	2.0%
	30.5%
	41.7%
	0.0%
	0.0%
	0.0%

	7
	NB
	HF
	51.3%
	26.6%
	1.4%
	11.4%
	9.3%
	0.0%
	0.0%
	0.0%

	8
	NB
	HF
	29.3%
	30.3%
	2.2%
	12.7%
	21.8%
	1.2%
	2.4%
	0.0%

	9
	NB
	HF
	24.1%
	22.8%
	2.4%
	22.7%
	27.8%
	0.0%
	0.0%
	0.0%

	10
	NB
	HF
	16.9%
	15.5%
	0.8%
	26.4%
	40.4%
	0.0%
	0.0%
	0.0%

	11
	NB
	HF
	14.8%
	22.5%
	2.5%
	28.3%
	31.5%
	0.4%
	0.0%
	0.0%


In Hands-free mode, the percentages in the loss classes (B, C, D) increase, as is expected for this more demanding condition.  It is likely that most if not all of these devices would be expected to be Type 3 for Sending Attenuation, but these data were not collected here.  What is notable is that the percentages in the echo categories (E, F, G) increase substantially for Segment 1 (cells marked in blue in Table 8).
4 General observations and conclusions

The new speech-based double-talk test appears to provide results generally consistent with those reported in [3].  Of particular note is the need to conduct listening tests to validate the definitions of the categories of Table 1, and define performance objectives and/or requirements based on this method.
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