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*** Start change 1 ***
[bookmark: _GoBack][x1]	Recommendation ITU-T P.800 (08/1996): "Methods for subjective determination of transmission quality".
[x2]	3GPP TS 26.442: "Codec for Enhanced Voice Services (EVS); ANSI C code (fixed-point)".
[x3]	3GPP TS 26.448: "Codec for Enhanced Voice Services (EVS); Jitter buffer management".

*** Stop change 1 ***

*** Start change 2 ***
5.1.1.7	Listening effort evaluation of AMR-WB and EVS under impaired channels
5.1.1.7.1	Test setup
For the evaluation of the listening effort, a P.800 listening effort test was conducted at Fraunhofer IIS in German language. The P.800 [x1] procedure was simply chosen because listening effort evaluation is a key application part of the standard. The scale defined in [x1] is given in the following:
5 	Complete relaxation possible; no effort required.
4 	Attention necessary; no appreciable effort required.
3 	Moderate effort required.
2 	Considerable effort required.
1		No meaning understood with any feasible effort.
The speech material consisted of six talkers (3 male, 3 female), 4 samples of each talker, where each sample contains two sentences of the Berlin sentence corpus. The clean speech material was combined with the two noise types (coffee and siren), kindly provided by the NTIA over the 3GPP reflector, according to the EVS characterization processing. For concatenation, a long noise sequence was assembled out of the provided short samples. As SNR levels 10dB for coffee noise and 5dB for the siren noise were chosen. Each noise type was evaluated in a separate experiment.
26 conditions were evaluated consisting of 6 codec modes times 4 channel conditions, plus 2 direct condtions. The codecs AMR-WB, EVS-WB, and EVS-SWB have been included operating at the bit rates 13.2kbps (12.85kbps for AMR-WB) and 24.4kbps (23.85kbps for AMR-WB), all using DTX. The 13.2 kbps EVS modes were operated in channel-aware (CA) mode (CA parameters: p=HI, o=3). All conditions have been evaluated using clean channel and error profiles for 5%, 10%, 20% frame loss rate, using the informative EVS-JBM for MTSI [4], specified in [x3].
The delay and error profiles have been derived with the tool provided by Qualcomm over the 3GPP SA4 reflector. For the EVS decoder, the JBM correction for low jitter but high loss in [x2] was active.
The listening test was conducted in a listening room according to the requirements of P.800 using Sennheiser HD280 pro as the instrument for diotic listening. The randomization of the samples was done according to P.800 using the balanced block design method.
5.1.1.7.2	Test results
The following plots show the mean scores and 95% confidence intervals for the experiment with coffee background noise, where 25 naive subjects participated. Unfortunately, not enough subjects did follow the lab invitation for the siren noise experiment and it was not possible to compensate the missing subjects. As a consequence, the it was decided to omit this experiment. It should be noted that the number of listeners is rather small for a codec selection process, however at least the number of 24 listeners has been reached which is the usual minimum requirement for listening tests in a codec qualification process. It should also be noted that this experiment can only be considered a snapshot of listening effort in a single language. Those results do therefore not claim to be exhaustive and should only be used to evaluate trends. 
Given that 25 listeners participated in the test and there were six trials per condition, a total number of 3900 trials were reported, meaning 150 trials per condition.

[image: ListeningEffort_Coffee_13_2_v2]
Figure 5.1.1.7.2-1: Plot of listening effort in 10dB SNR coffee background noise for 13.2 kbps gross bit rate incl. AMR-WB, EVS-WB in channel aware mode and EVS-SWB in channel aware mode

[image: ListeningEffort_Coffee_24_4_v2]
Figure 5.1.1.7.2-2: Plot of listening effort in 10dB SNR coffee background noise for 24.4 kbps gross bit rate incl. AMR-WB, EVS-WB and EVS-SWB

The following points can be observed:
· All error-free conditions show an average score above 4 on the listening effort scale. These operation points seem to guarantee sufficiently low listening effort and are not considered as critical. 
· As the experiment design is focusing on high packet loss conditions, conclusions on other influencing factors such as audio bandwidth or bit rate can not be drawn 
· For packet loss rates of 5% and 10%, EVS always shows a significantly higher score compared to corresponding AMR-WB conditions
· EVS with 10% packet loss rate performs similar to AMR-WB at 5% packet loss rate
· Using the channel aware mode, EVS@13.2kbps with 20% packet loss rate performs similar to AMR-WB@12.65 with 10% packet loss rate.


*** End change 2 ***
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