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[bookmark: Abstract]ABSTRACT: This document introduces the results of terminal tests using different double talk testing methods. All test methods were applied to VoIP terminals. The tests included different terminals as well terminal plastics connected to a development board where different performance parameters of the implemented algorithms could be changed intentionally in order to investigate the performance of the different test methods more in detail. The CSS-based tests focused on the switching behaviour rather than on the echo performance during double talk. The second speech sequence-based test according to 3GPP TS 26.132 additionally evaluates the echo performance during double talk. The speech material from ITU-T P.501 (from 20s to 35s of Fig. 3) is used for this analysis.

1 Introduction
The aim of this document is to investigate the different procedures for double talk testing as described so far in the different standards:
· Double talk testing based on overlapping CS-signals described in ITU-T Rec. P.340 with automated analysis as described in ITU-T P.502 and currently used in a variety of ETSI and ITU-T standards
· Speech based double talk testing as described in 3GPP TS 26.132

Both methods were applied to different IP terminals
2 Test Setup
The test setup is shown in the following figure:

[image: ]
Figure 1: Test Setup

The test signals used are shown in Figs. 2 & 3.

[image: ]

Figure 2: Double talk test signal based on ITU-T P.502/P.340



Figure 3: Speech based double talk signal as described in 3GPP TS 26.132, taken from ITU-T P.501

Both test signal combination were band-limited to wideband in Receiving. The processing applied to derive the DT category using the automated method as described in ITU-T Rec. P.502 is shown in Fig. 4. The categorization method applied to the different segments when using the speech based double talk sequence and which is described in Detail in 3GPP TS 26.132 is shown in Fig. 5
[image: ]

Figure 4: Automated analysis procedure according to Appendix III of ITU-Tec. P.502



Figure 5: Categorization of the different double talk segments as described in 3GPP TS 26.132

In total 10 different devices (either complete terminals or terminal/evaluation board combinations) were evaluated.
3 Test Results
The results of the evaluation of the 10 measured devices are presented below. The VoIP phones (VP) were measured with the classical CSS double talk signal (acc. to ITU-T P.340 and evaluated objectively acc. to ITU-T P.502) and the real speech sequence from 3GPP TS 26.132 (echo evaluation). Both evaluation methods perform a single talk and a double talk measurement run and provide the final results by using the level vs. time difference between the two runs.

Necessary modifications have been applied for using the evaluation method acc. to ITU-T P.502 with real speech sequences (e.g. modification of the integration time constant for the level calculation from T=5ms to T=30ms).

Figure 6 illustrates the modification of the automated double talk analysis. Based on the time signal, the speech parts are detected in the same way as the CSS bursts. In order to harmonize the naming convention between CSS and speech test signal, each located speech part will be marked as “block”, which can also be used for CSS signals. Thus a “block” may either contain a CSS burst, a single word or a test sentence.

After the localization of all blocks, the calculation of the level-vs-time difference between single and double talk run is applied. For each block, a histogram of the level difference is created. From this representation, the smoothed maximum level attenuation is determined according to the method described in ITU-T P.502.The principle is shown in Figure 7 for one exemplary block of Figure 6.
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	[bookmark: _Ref391554383]Figure 6: Time signals of single and double talk measurement (top) and corresponding level difference versus time (bottom)
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	[bookmark: _Ref391557167]Figure 7: Principle of double talk attenuation per block



The default calculation mode acc. to ITU-T P.502 to qualify the overall attenuation aDT for the whole recording is the selection of the maximum of all per-block attenuations aDT,i. This corresponds to the 
Mathematic operation:



In the following tables and sections, this mode is noted as “Default (max)”. 

In the case of the real speech sequences, two additional collection modes were used for calculating the double talk level attenuation. Instead of picking the maximum attenuation per sentence (as it is described in the ITU-T P.502 method), the mean and median over all blocks is reported. 

The attenuation per block aDT,i still is determined as the maximum attenuation in the specific block time range (e.g. duration of one sentence). These additional results may be more suitable for comparison, verification and expert opinion. The mathematical notation for the new metrics can be described with the following formulas:




For the auditory expert evaluation of the double talk performance and the corresponding metrics, the speech recordings of the sending direction (with and without double talk) of the devices were taken into account. The experts involved in this evaluation have long-term experiences with auditory testing of double talk situations and hands-free devices.

The expert’s comment in the following chapters describe how adequate the speech-based measurements match the expert’s ranking of switching behaviour and the echo performance during double talk.

For example, if the results of the speech-based measurement match to the expert’s rating (in sense of ranking the device in the same way) the example will be qualified as “good agreement” or “very good agreement”. On the other hand, if the speech-based metrics do not fit to the expert’s assessment, the measurement example will be noted as “medium agreement” or “bad agreement” 

Each expert’s opinion may also include an “Expert Remark”. Here, possible differences between the metrics and the audible content of the recording are described respectively which influences may not be covered by the conducted measurements.



3.1 Device VP1
Table 1 shows the results of ITU-T P.502 and its modifications. Table 2 shows the metrics provided by the method acc. to TS 26.132.

[bookmark: _Ref389051501]Table 1: Double Talk Results acc. to ITU-Tec. P.502
	Test Signal
	Data Collection Setting
	Level Att. [dB]
	DT Type

	
	
	
	

	CSS
	Max (Default)
	13,0
	Type 3

	
	
	
	

	Speech Seq. 1
	Max (Default)
	12,3
	Type 3

	
	Mean
	6,1
	Type 2b

	
	Median
	7,9
	Type 2b

	
	
	
	

	Speech Seq. 2
	Max (Default)
	15,5
	Type 3

	
	Mean
	10,5
	Type 2c

	
	Median
	11,8
	Type 2c



[bookmark: _Ref389051664][bookmark: _Ref389051655]Table 2: Double Talk Results acc. to 3GPP TS 26.132
	Category
	Speech Seq. 1
	Speech Seq. 2

	
	
	

	ST Class A1
	96,5
	98,4

	ST Class A2
	3,3
	0,8

	ST Class B
	0,2
	0,8

	ST Class C
	0,0
	0,0

	ST Class D
	0,0
	0,0

	ST Class E
	0,0
	0,0

	ST Class F
	0,0
	0,0

	ST Class G
	0,0
	0,0

	
	
	

	DT Class A1
	53,9
	46,1

	DT Class A2
	35,0
	26,6

	DT Class B
	1,1
	1,4

	DT Class C
	9,8
	16,7

	DT Class D
	0,0
	9,3

	DT Class E
	0,3
	0,0

	DT Class F
	0,0
	0,0

	DT Class G
	0,0
	0,0



Experts Opinion:
Using VP1 in a normal office environment in hands-free mode, the subjective impression of the double talk performance of this device is in “good agreement” with the objectively measured results with the usage of speech for the double talk measurements.

Experts Remark:
The VP1 has the same housing as VP7. In VP1, the used algorithm is suppressing also the echoes during double talk with a strong attenuation, so that echoes are not disturbing the far end user. This leads to lower DT metrics compared to VP7. From subjective impression, it seems not reasonable to allow more echoes during double talk due to the additional suppression of the near end speaker. Especially if the residual echoes are non-linear, the current objective measurements may be inaccurate because both metrics are working purely in the time-domain.


3.2 Device VP2
Table 3 shows the results of ITU-T P.502 and its modifications. Table 4 shows the metrics provided by the method acc. to TS 26.132.

[bookmark: _Ref389051867]Table 3: Double Talk Results acc. to ITU-Tec. P.502
	Test Signal
	Data Collection Setting
	Level Att. [dB]
	DT Type

	
	
	
	

	CSS
	Max (Default)
	5,0
	Type 2a

	
	
	
	

	Speech Seq. 1
	Max (Default)
	13,1
	Type 3

	
	Mean
	5,5
	Type 2a

	
	Median
	4,2
	Type 2a

	
	
	
	

	Speech Seq. 2
	Max (Default)
	14,6
	Type 3

	
	Mean
	9,5
	Type 2c

	
	Median
	10,2
	Type 2c



[bookmark: _Ref389051879]Table 4: Double Talk Results acc. to 3GPP TS 26.132
	Category
	Speech Seq. 1
	Speech Seq. 2

	
	
	

	ST Class A1
	93,6%
	97,1%

	ST Class A2
	5,6%
	1,3%

	ST Class B
	0,2%
	0,7%

	ST Class C
	0,0%
	0,0%

	ST Class D
	0,0%
	0,0%

	ST Class E
	0,0%
	0,5%

	ST Class F
	0,5%
	0,5%

	ST Class G
	0,0%
	0,0%

	
	
	

	DT Class A1
	42,5%
	51,0%

	DT Class A2
	47,4%
	29,7%

	DT Class B
	0,3%
	2,6%

	DT Class C
	9,9%
	10,4%

	DT Class D
	0,0%
	6,3%

	DT Class E
	0,0%
	0,0%

	DT Class F
	0,0%
	0,0%

	DT Class G
	0,0%
	0,0%


Experts Opinion:
Using VP2 in a normal office environment in hands-free mode the subjective impression of the double talk performance of this device are in “good agreement” with the objectively measured results with the usage of speech for the double talk measurements.

Experts Remark:
VP2 uses exactly the same housing and the same hands-free algorithm as VP1. Only the non-linearity handling of the echo canceller was switched off. VP2 shows slightly better metrics as VP1, but if non-linear behavior is triggered by the test signals, the subjective quality impression would decrease. In the used speech test sequences, such non-linear behavior is not triggered. To handle cases like this, the range of the test corpus must be enlarged with regard to more test sentences, speakers, levels and languages. Also the level-based metrics are not able to show such DT performance reductions.
3.3 Device VP3

Table 5 shows the results of ITU-T P.502 and its modifications. Table 6 shows the metrics provided by the method acc. to TS 26.132.

[bookmark: _Ref389056328]Table 5: Double Talk Results acc. to ITU-Tec. P.502
	Test Signal
	Data Collection Setting
	Level Att. [dB]
	DT Type

	
	
	
	

	CSS
	Max (Default)
	6,2
	Type 2b

	
	
	
	

	Speech Seq. 1
	Max (Default)
	12,6
	Type 3

	
	Mean
	6,3
	Type 2b

	
	Median
	5,4
	Type 2a

	
	
	
	

	Speech Seq. 2
	Max (Default)
	14,2
	Type 3

	
	Mean
	9,1
	Type 2c

	
	Median
	9,6
	Type 2c




[bookmark: _Ref389056338]Table 6: Double Talk Results acc. to 3GPP TS 26.132
	Category
	Speech Seq. 1
	Speech Seq. 2

	
	
	

	ST Class A1
	93,6%
	97,1%

	ST Class A2
	5,6%
	1,3%

	ST Class B
	0,2%
	0,7%

	ST Class C
	0,0%
	0,0%

	ST Class D
	0,0%
	0,0%

	ST Class E
	0,0%
	0,5%

	ST Class F
	0,5%
	0,5%

	ST Class G
	0,0%
	0,0%

	
	
	

	DT Class A1
	42,5%
	51,0%

	DT Class A2
	47,4%
	29,7%

	DT Class B
	0,3%
	2,6%

	DT Class C
	9,9%
	10,4%

	DT Class D
	0,0%
	6,3%

	DT Class E
	0,0%
	0,0%

	DT Class F
	0,0%
	0,0%

	DT Class G
	0,0%
	0,0%



Experts Opinion:
Using VP3 in a normal office environment in hands-free mode the subjective impression of the double talk performance of this device are in “good agreement” with the objectively measured results with the usage of speech for the double talk measurements.

Experts Remark:
VP3 uses exactly the same housing and the same hands-free algorithm as VP2 and VP1. Only the automatic gain control function was switched off. Still the results of the speech-based and the CSS-based test correlate well. Often automatic gain control (AGC) is not working well in conjunction with CSS signals.
The option to switch off the AGC during test is not a real solution, as in practice AGC cannot be disabled by the user. This fact results in measurement results which are currently far away from the double talk performance which could be obtained in normal operation mode. With speech based test signal, ETSI could think about to test with enabled automatic gain control for the ETSI tests in the future.



3.4 Device VP4
Table 7 shows the results of ITU-T P.502 and its modifications. Table 8 shows the metrics provided by the method acc. to TS 26.132.

[bookmark: _Ref389056353]Table 7: Double Talk Results acc. to ITU-Tec. P.502
	Test Signal
	Data Collection Setting
	Level Att. [dB]
	DT Type

	
	
	
	

	CSS
	Max (Default)
	39,0
	Type 3

	
	
	
	

	Speech Seq. 1
	Max (Default)
	8,2
	Type 2c

	
	Mean
	3,8
	Type 2a

	
	Median
	3,3
	Type 2a

	
	
	
	

	Speech Seq. 2
	Max (Default)
	19,9
	Type 3

	
	Mean
	8,7
	Type 2b

	
	Median
	7,2
	Type 2b



[bookmark: _Ref389056359]Table 8: Double Talk Results acc. to 3GPP TS 26.132
	Category
	Speech Seq. 1
	Speech Seq. 2

	
	
	

	ST Class A1
	86,7%
	85,1%

	ST Class A2
	8,5%
	2,7%

	ST Class B
	0,3%
	0,4%

	ST Class C
	0,0%
	0,0%

	ST Class D
	0,0%
	0,0%

	ST Class E
	0,0%
	0,0%

	ST Class F
	2,5%
	7,8%

	ST Class G
	1,9%
	4,1%

	
	
	

	DT Class A1
	21,4%
	39,2%

	DT Class A2
	39,1%
	31,6%

	DT Class B
	1,1%
	2,1%

	DT Class C
	20,0%
	18,5%

	DT Class D
	18,3%
	8,6%

	DT Class E
	0,0%
	0,0%

	DT Class F
	0,0%
	0,0%

	DT Class G
	0,0%
	0,0%



Experts Opinion:
Using VP4 in a normal office environment in hands-free mode the subjective impression of the double talk performance of this device are in “very good agreement” with the objectively measured results with the usage of speech for the double talk measurements.

Experts Remark:
The CSS metrics for VP4 show very high attenuation during double talk (39dB). The speech-based metrics show much better performance, which is in line with the subjective quality impression during DT. It looks like that the CSS test signal triggers the VP4 non-linearity handler while the speech signal does not. If the non-linearity handler is triggered, the VP4 hands-free algorithm provides additional frequency-dependent echo attenuation. This possibly could lead to a more half-duplex behaviour during double talk. 


3.5 Device VP5
Table 9 shows the results of ITU-T P.502 and its modifications. Table 10 shows the metrics provided by the method acc. to TS 26.132.

[bookmark: _Ref389056377]Table 9: Double Talk Results acc. to ITU-Tec. P.502
	Test Signal
	Data Collection Setting
	Level Att. [dB]
	DT Type

	
	
	
	

	CSS
	Max (Default)
	14,6
	Type 3

	
	
	
	

	Speech Seq. 1
	Max (Default)
	9,8
	Type 2c

	
	Mean
	5,0
	Type 2a

	
	Median
	3,8
	Type 2a

	
	
	
	

	Speech Seq. 2
	Max (Default)
	19,8
	Type 3

	
	Mean
	10,9
	Type 2c

	
	Median
	10,1
	Type 2c



[bookmark: _Ref389056383]Table 10: Double Talk Results acc. to 3GPP TS 26.132
	Category
	Speech Seq. 1
	Speech Seq. 2

	
	
	

	ST Class A1
	85,8%
	89,5%

	ST Class A2
	9,8%
	3,5%

	ST Class B
	0,3%
	0,9%

	ST Class C
	0,3%
	0,0%

	ST Class D
	0,0%
	0,0%

	ST Class E
	0,3%
	0,0%

	ST Class F
	1,7%
	6,1%

	ST Class G
	1,9%
	0,0%

	
	
	

	DT Class A1
	19,4%
	35,2%

	DT Class A2
	48,0%
	31,1%

	DT Class B
	2,3%
	1,5%

	DT Class C
	12,1%
	17,6%

	DT Class D
	18,2%
	14,8%

	DT Class E
	0,0%
	0,0%

	DT Class F
	0,0%
	0,0%

	DT Class G
	0,0%
	0,0%



Experts Opinion:
Using VP5 in a normal office environment in hands-free mode the subjective impression of the double talk performance of this device are in “very good agreement” with the objectively measured results with the usage of speech for the double talk measurements.

Experts Remark:
The VP5 use exactly the same housing and the same hands-free algorithm as VP4. Only the non-linearity handling of the loudspeaker signal was switched off in VP5. The measurement metrics indicates that the expert’s remark on the previous device (VP4) is fulfilled here. Now the CSS-based metric shows less attenuation during double talk (14.6dB).



3.6 Device VP6
Table 11 shows the results of ITU-T P.502 and its modifications. Table 12 shows the metrics provided by the method acc. to TS 26.132.

[bookmark: _Ref389056389]Table 11: Double Talk Results acc. to ITU-Tec. P.502
	Test Signal
	Data Collection Setting
	Level Att. [dB]
	DT Type

	
	
	
	

	CSS
	Max (Default)
	39,8[footnoteRef:1] [1:  The bad level attenuation in this measurement is caused by a quite long adaption time of the device. After adaptation, all further metrics strongly improve. Thus it cannot be guaranteed that all metrics shown for VP6 the same behavior. For this reason, the device was re-measured after adaptation as VP7.] 

	Type 3

	
	
	
	

	Speech Seq. 1
	Max (Default)
	18,1
	Type 3

	
	Mean
	5,4
	Type 2a

	
	Median
	5,2
	Type 2a

	
	
	
	

	Speech Seq. 2
	Max (Default)
	9,4
	Type 2c

	
	Mean
	4,8
	Type 2a

	
	Median
	4,2
	Type 2a



[bookmark: _Ref389056397]Table 12: Double Talk Results acc. to 3GPP TS 26.132
	Category
	Speech Seq. 1
	Speech Seq. 2

	
	
	

	ST Class A1
	10,7%
	9,6%

	ST Class A2
	86,7%
	89,6%

	ST Class B
	0,5%
	0,8%

	ST Class C
	1,4%
	0,0%

	ST Class D
	0,0%
	0,0%

	ST Class E
	0,0%
	0,0%

	ST Class F
	0,7%
	0,0%

	ST Class G
	0,0%
	0,0%

	
	
	

	DT Class A1
	91,8%
	74,7%

	DT Class A2
	3,6%
	14,5%

	DT Class B
	1,1%
	3,7%

	DT Class C
	3,6%
	4,3%

	DT Class D
	0,0%
	2,9%

	DT Class E
	0,0%
	0,0%

	DT Class F
	0,0%
	0,0%

	DT Class G
	0,0%
	0,0%


Experts Opinion:
Using VP6 in a normal office environment in hands-free mode the subjective impression of the double talk performance of this device are in “very good agreement” with the objectively measured results with the usage of speech for the double talk measurements.

Experts Remark:
The CSS-based metric for VP6 shows strong attenuation during double talk (39.8dB). The speech-based metric shows much better performance values, which is in line of the subjective quality impression during DT. We have repeated the VP6 test in VP7. Now also the CSS test shows metrics which are in line with the speech-based metrics and also with the subjective impression of this device. As the CSS test was the first one after power up of the device, it looks like that the VP6/VP7 need some minutes to adapt to the measurement room. After this adaption time, the results are meaningful.


3.7 Device VP7
Table 13 shows the results of ITU-T P.502 and its modifications. Table 14 shows the metrics provided by the method acc. to TS 26.132.

[bookmark: _Ref389056409]Table 13: Double Talk Results acc. to ITU-Tec. P.502
	Test Signal
	Data Collection Setting
	Level Att. [dB]
	DT Type

	
	
	
	

	CSS
	Max (Default)
	7,0
	Type 2b

	
	
	
	

	Speech Seq. 1
	Max (Default)
	19,1
	Type 3

	
	Mean
	6,0
	Type 2a

	
	Median
	5,8
	Type 2a

	
	
	
	

	Speech Seq. 2
	Max (Default)
	10,1
	Type 2c

	
	Mean
	5,0
	Type 2a

	
	Median
	4,2
	Type 2a



[bookmark: _Ref389056417]Table 14: Double Talk Results acc. to 3GPP TS 26.132
	Category
	Speech Seq. 1
	Speech Seq. 2

	
	
	

	ST Class A1
	7,9%
	7,3%

	ST Class A2
	89,1%
	92,0%

	ST Class B
	0,7%
	0,7%

	ST Class C
	1,4%
	0,0%

	ST Class D
	0,0%
	0,0%

	ST Class E
	0,0%
	0,0%

	ST Class F
	0,9%
	0,0%

	ST Class G
	0,0%
	0,0%

	
	
	

	DT Class A1
	88,4%
	75,5%

	DT Class A2
	4,9%
	13,5%

	DT Class B
	0,9%
	2,1%

	DT Class C
	5,8%
	5,9%

	DT Class D
	0,0%
	3,1%

	DT Class E
	0,0%
	0,0%

	DT Class F
	0,0%
	0,0%

	DT Class G
	0,0%
	0,0%



Experts Opinion:
Using VP7 in a normal office environment in hands-free mode the subjective impression of the double talk performance of this device are in “medium good agreement” with the objectively measured results with the usage of speech for the double talk measurements.

Experts Remark:
The device VP7 allows a quite high amount of echoes during double talk. These echoes would disturb the far-end user. The objective metrics with CSS-based and also with speech-based signals improve compared to VP1 (same housing but different algorithm which provides more echo attenuation during DT). This problem of the too optimistic metrics can be observed in the CSS-based and also in speech-based results.

3.8 Device VP8
Table 15 shows the results of ITU-T P.502 and its modifications. Table 16 shows the metrics provided by the method acc. to TS 26.132.

[bookmark: _Ref389056424]Table 15: Double Talk Results acc. to ITU-Tec. P.502
	Test Signal
	Data Collection Setting
	Level Att. [dB]
	DT Type

	
	
	
	

	CSS
	Max (Default)
	39,8
	Type 3

	
	
	
	

	Speech Seq. 1
	Max (Default)
	39,8
	Type 3

	
	Mean
	19,7
	Type 3

	
	Median
	18,8
	Type 3

	
	
	
	

	Speech Seq. 2
	Max (Default)
	39,8
	Type 3

	
	Mean
	37,8
	Type 3

	
	Median
	37,8
	Type 3



[bookmark: _Ref389056430]Table 16: Double Talk Results acc. to 3GPP TS 26.132
	Category
	Speech Seq. 1
	Speech Seq. 2

	
	
	

	ST Class A1
	91,9%
	92,7%

	ST Class A2
	4,3%
	1,9%

	ST Class B
	0,1%
	0,6%

	ST Class C
	0,0%
	1,5%

	ST Class D
	0,0%
	0,0%

	ST Class E
	0,0%
	0,3%

	ST Class F
	2,0%
	0,0%

	ST Class G
	1,7%
	3,0%

	
	
	

	DT Class A1
	5,1%
	4,1%

	DT Class A2
	1,5%
	6,0%

	DT Class B
	1,8%
	1,7%

	DT Class C
	2,3%
	22,4%

	DT Class D
	88,1%
	65,8%

	DT Class E
	1,3%
	0,0%

	DT Class F
	0,0%
	0,0%

	DT Class G
	0,0%
	0,0%



Experts Opinion:
Using VP8 in a normal office environment in hands-free mode the subjective impression of the double talk performance of this device are in “very good agreement” with the objectively measured results with the usage of speech for the double talk measurements.

Experts Remark:
The device VP8 shows the worst duplex behaviour compared to all other DUTs. The usage of real speech shows the switching behaviour in speech sequence 1 and the double talk behaviour in speech sequence 2. These two metrics show more clearly the real DT performance as in CSS-based measurements.


3.9 Device VP9

Table 17 shows the results of ITU-T P.502 and its modifications. Table 18 shows the metrics provided by the method acc. to TS 26.132.

[bookmark: _Ref389056442]Table 17: Double Talk Results acc. to ITU-Tec. P.502
	Test Signal
	Data Collection Setting
	Level Att. [dB]
	DT Type

	
	
	
	

	CSS
	Max (Default)
	25,0
	Type 3

	
	
	
	

	Speech Seq. 1
	Max (Default)
	39,8
	Type 3

	
	Mean
	20,2
	Type 3

	
	Median
	20,0
	Type 3

	
	
	
	

	Speech Seq. 2
	Max (Default)
	35,4
	Type 3

	
	Mean
	28,5
	Type 3

	
	Median
	29,2
	Type 3



[bookmark: _Ref389056449]Table 18: Double Talk Results acc. to 3GPP TS 26.132
	Category
	Speech Seq. 1
	Speech Seq. 2

	
	
	

	ST Class A1
	93,3%
	94,3%

	ST Class A2
	3,6%
	2,3%

	ST Class B
	0,3%
	0,6%

	ST Class C
	0,9%
	2,8%

	ST Class D
	0,0%
	0,0%

	ST Class E
	0,0%
	0,0%

	ST Class F
	2,0%
	0,0%

	ST Class G
	0,0%
	0,0%

	
	
	

	DT Class A1
	20,4%
	21,0%

	DT Class A2
	18,5%
	21,6%

	DT Class B
	0,3%
	1,5%

	DT Class C
	10,2%
	31,5%

	DT Class D
	50,7%
	21,2%

	DT Class E
	0,0%
	0,1%

	DT Class F
	0,0%
	3,1%

	DT Class G
	0,0%
	0,0%



Experts Opinion:
Using VP9 in a normal office environment in hands-free mode the subjective impression of the double talk performance of this device are in “very good agreement” with the objectively measured results with the usage of speech for the double talk measurements.

Experts Remark:
The device VP9 uses the same housing, but different hands-free algorithm as VP8. After device VP8, VP9 shows the second-worst duplex-behaviour. The results of the speech-based metrics are in line with the subjective impression.



3.10 Device VP10
Table 19 shows the results of ITU-T P.502 and its modifications. Table 20 shows the metrics provided by the method acc. to TS 26.132.

[bookmark: _Ref389056456]Table 19: Double Talk Results acc. to ITU-Tec. P.502
	Test Signal
	Data Collection Setting
	Level Att. [dB]
	DT Type

	
	
	
	

	CSS
	Max (Default)
	12,2
	Type 3

	
	
	
	

	Speech Seq. 1
	Max (Default)
	15,1
	Type 3

	
	Mean
	6,8
	Type 2b

	
	Median
	6,0
	Type 2a

	
	
	
	

	Speech Seq. 2
	Max (Default)
	19,7
	Type 3

	
	Mean
	11,9
	Type 2c

	
	Median
	11,8
	Type 2c



[bookmark: _Ref389056461]Table 20: Double Talk Results acc. to 3GPP TS 26.132
	Category
	Speech Seq. 1
	Speech Seq. 2

	
	
	

	ST Class A1
	61,0%
	88,9%

	ST Class A2
	38,5%
	9,8%

	ST Class B
	0,0%
	0,4%

	ST Class C
	0,5%
	1,0%

	ST Class D
	0,0%
	0,0%

	ST Class E
	0,0%
	0,0%

	ST Class F
	0,0%
	0,0%

	ST Class G
	0,0%
	0,0%

	
	
	

	DT Class A1
	48,9%
	46,0%

	DT Class A2
	36,0%
	26,9%

	DT Class B
	1,4%
	1,3%

	DT Class C
	13,7%
	15,5%

	DT Class D
	0,0%
	10,3%

	DT Class E
	0,0%
	0,0%

	DT Class F
	0,0%
	0,0%

	DT Class G
	0,0%
	0,0%



Experts Opinion:
Using VP10 in a normal office environment in hands-free mode the subjective impression of the double talk performance of this device are in “good agreement” with the objectively measured results with the usage of speech for the double talk measurements.

Experts Remark:
From the subjective impression, device VP10 shows quite good DT performance. During double talk, it provides sufficient echo suppression and does not need additional non-linearity handling (very good housing). This device obtains the best subjective metrics for double talk in the whole evaluation.


4 Conclusions
Table 21 provides a summary over the reviewed measurement results. The expert’s opinion for each metric is also provided on a simple scale. If the specific metric matches fits to the expert’s opinion, this will be reported as good matching (“GOOD”). Likewise, medium/average (“MED”) and bad (“BAD”) matching is provided in the specific cells.

	VoIP Phone
	CSS P.502
	Speech - P.502
(Max.)
	Speech - P.502
(Mean)
	Speech - P.502
(Median)
	Speech – 3GPP TS 26.132

	VP1
	BAD
	MED
	GOOD
	GOOD
	GOOD

	VP2
	MED
	MED
	GOOD
	GOOD
	GOOD

	VP3
	MED
	BAD
	GOOD
	GOOD
	GOOD

	VP4
	BAD
	BAD
	GOOD
	GOOD
	GOOD

	VP5
	BAD
	MED
	GOOD
	GOOD
	GOOD

	VP6
	BAD
	MED
	GOOD
	GOOD
	GOOD

	VP7
	MED
	MED
	MED
	MED
	MED

	VP8
	MED
	MED
	GOOD
	GOOD
	GOOD

	VP9
	MED
	MED
	GOOD
	GOOD
	GOOD

	VP10
	MED
	BAD
	GOOD
	GOOD
	GOOD

	
	
	
	
	
	

	Sum GOOD
	0
	0
	9
	9
	9

	Sum MED
	6
	7
	1
	1
	1

	Sum BAD
	4
	3
	0
	0
	0


[bookmark: _Ref391546747]Table 21: Summary of expert’s assessment

The metrics overview in Table 21 shows a clear preference for the measurements conducted with real speech as a test signal. In none of the 10 reviewed measurement results, the CSS-based measurement provides adequate qualification of the device.

As the current metrics in ETSI-standards includes today no MOS-like scores or frequency-based analyses, the level based metrics show not the real performance in all test cases. In this evaluation, the speech-based metrics provide more realistic measures for double talk performance than the CSS-based metrics used today.

Thus a proposal for an updated double talk measurement would be to use at least real speech as a test signal instead of CSS. The test method according to 3GPP TS 26.132 provides a large amount of numbers which are valuable for development and debugging issues. But currently it is hard to define requirements for a qualification of the device based on the results presented above.

A good compromise seems to be usage of the real speech test signal in conjunction with a modified version of the ITU-T P.502 method. It provides one single score and an already existing qualification which is compatible with existing standards.

According to Table 21, the modified ITU-T P.502 metrics with “mean” and “median” aggregation for the determination of level attenuation obtain the best agreement with the expert’s assessment. In order to be compliant with the existing method, the proposal would be to use the “median” mode, because in this case the level attenuation of one block (sentence) is selected, similar as the “maximum” metric.
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