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1 Introduction
At the SA4 meeting #86, speech codec intelligibility tests were presented [1] in order to provide guidance on the right codec choice for the 3GPP MCPTT service. At that time, it was noted that conditions with packet loss and jitter have not been evaluated in the test and therefore, one key aspect of codec evaluation is missing. Discussions after the last SA4 meeting revealed that such evaluation of performance under packet loss conditions is necessary and the source therefore decided to conduct a listening effort test, related to the MCPTT candidate codecs, using the P.800 procedure. The source notes that listening effort has been selected as the criterion for practical reasons and as it is an important aspect besides pure objective evaluation of intelligibility, while highly correlated to intelligibility.
2 Motivation

It is the opinion of the source, that the MCPTT codec shall not require high listening effort, especially when the signal is already degraded due to e.g. severe packet loss. The MCPTT codec shall therefore allow users to focus on more important tasks without requiring all attention for understanding a message. Previous work, e.g. by Reimes et al. [3], indicates that there is high correlation between listening effort and intelligibility, thereby suggesting that listening effort is a valid method for estimating intelligibility. 
3 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 [2] procedure was simply chosen because listening effort evaluation is a key application part of the standard. The scale defined in [2] 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 complete instructions and their German translation are given in Annex A. 

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. As 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 mode. All conditions have been combined with the following four delay and error profiles:
	Profile
	Error rate

	None
	0%

	Profile 11
	5%

	Profile 12
	10%

	Profile 13
	20%


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 in [4] was active. The complete list of conditions is given in Annex B.
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.
4 Test results

The following plots show the results for the experiments with coffee background noise, where 25 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 source 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. The source likes also to note 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.
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Figure 1: Plot of listen effort in 10dB SNR coffee background noise for 13.2 kbps gross bit rate
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Figure 2: Plot of listen effort in 10dB SNR coffee background noise for 24.4 kbps gross bit rate

The source wants to point out the following observations:

· 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. 
· For error-free conditions, 24.4 kbps gross bit rate tends to result in less listening effort than 13.2 kbps gross bit rate conditions and SWB tends to result in less listening effort than WB
· 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.
5 Conclusion
The P.800 test results presented in this document show that services using EVS demand less listening effort of the users compared to services based on AMR-WB, especially when packet loss can be expected during transmission. The channel-aware mode of EVS also keeps the listening effort moderate at a gross bit rate of 13.2kbps. For 24.4kbps EVS also outperforms AMR-WB in case of packet loss. As packet loss conditions can be expected for the MCPTT service, the source wants to emphasize EVS’s advantages for MCPTT and proposes to add the results documented in Section 4 to TR 26.879.
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Annex A: P.800 instructions listening effort
A.1 Original English version as given in [2]
LISTENING EXPERIMENT No. 
In this experiment you will be listening to short groups of sentences via the telephone handset, and giving your opinion 

of the speech you hear. 

On the table in front of you is a box with five illuminated press buttons. When all the lamps go on, you will hear sentences. Listen to these, and when the lamps go out, press the appropriate button to indicate your opinion on the following scale. 

EFFORT REQUIRED TO UNDERSTAND THE MEANINGS OF SENTENCES 
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 button you have pressed will light up for a short time. Then the lamp will go out, and there will be a brief pause before all the lamps go on again for the next group of sentences. 

There will be a longer pause after every groups (each calling for an opinion). There will be a total of groups in this visit, and a similar number in your subsequent visit(s). 

Thank you for your help in this experiment. 

A.2 German version
Dieses Experiment untersucht Systeme, die in Telekommunikationsdiensten eingesetzt werden könnten. 
Das Experiment besteht aus mehreren Tests, wobei Sie bei jedem Test ein Hörbeispiel über Kopfhörer hören werden. Jedes Hörbeispiel besteht aus zwei Sätzen von einem Sprecher.
Bitte hören Sie sich das Hörbeispiel aufmerksam an. Sobald dieses vollständig abgespielt wurde, bewerten Sie bitte anhand der folgenden Skala, wie anstrengend es war, das gerade gehörte Hörbeispiel zu verstehen: 

5 - Völlig entspanntes Hören möglich, keinerlei Anstrengung nötig
4 - Keine nennenswerte Anstrengung bei aufmerksamem Hören nötig
3 - Kann mit einiger Anstrengung verstanden werden.
2 - Große Konzentration und Anstrengung nötig.
1 - Trotz großer Anstrengung nicht verständlich.


Bitte sprechen Sie nicht mit anderen Testteilnehmern über Ihre Bewertungen und bleiben Sie nach Beendigung des Tests noch einen Moment ruhig an Ihrem Platz, bis der Versuchsleiter den Raum betritt, damit die anderen Testteilnehmer nicht durch Hintergrundgeräusche gestört werden.

Herzlichen Dank für Ihre Teilnahme!

Annex B: Condition list P.800 test

	Condition
	Label
	Codec
	Bit rate
	DTX
	Level
	FER/Profile

	c01
	Reference SWB direct
	DIRECT
	-
	-
	-
	-

	c02
	Reference WB direct
	DIRECTWB
	-
	-
	-
	-

	c03
	AMRWB reference
	AMRWB
	12.65
	on
	-26 dBov
	none

	c04
	AMRWB reference
	AMRWB
	12.65
	on
	-26 dBov
	Profile 11

	c05
	AMRWB reference
	AMRWB
	12.65
	on
	-26 dBov
	Profile 12

	c06
	AMRWB reference
	AMRWB
	12.65
	on
	-26 dBov
	Profile 13

	c07
	EVS-WB channel aware mode frame erasures (p=HI, o=3)
	EVS-WB
	13.2CA
	on
	-26 dBov
	none

	c08
	EVS-WB channel aware mode frame erasures (p=HI, o=3)
	EVS-WB
	13.2CA
	on
	-26 dBov
	Profile 11

	c09
	EVS-WB channel aware mode frame erasures (p=HI, o=3)
	EVS-WB
	13.2CA
	on
	-26 dBov
	Profile 12

	c10
	EVS-WB channel aware mode frame erasures (p=HI, o=3)
	EVS-WB
	13.2CA
	on
	-26 dBov
	Profile 13

	c11
	EVS-SWB channel aware mode frame erasures (p=HI, o=3)
	EVS-SWB
	13.2CA
	on
	-26 dBov
	none

	c12
	EVS-SWB channel aware mode frame erasures (p=HI, o=3)
	EVS-SWB
	13.2CA
	on
	-26 dBov
	Profile 11

	c13
	EVS-SWB channel aware mode frame erasures (p=HI, o=3)
	EVS-SWB
	13.2CA
	on
	-26 dBov
	Profile 12

	c14
	EVS-SWB channel aware mode frame erasures (p=HI, o=3)
	EVS-SWB
	13.2CA
	on
	-26 dBov
	Profile 13

	c15
	AMRWB reference
	AMRWB
	23.85
	on
	-26 dBov
	none

	c16
	AMRWB reference
	AMRWB
	23.85
	on
	-26 dBov
	Profile 11

	c17
	AMRWB reference
	AMRWB
	23.85
	on
	-26 dBov
	Profile 12

	c18
	AMRWB reference
	AMRWB
	23.85
	on
	-26 dBov
	Profile 13

	c19
	EVS-WB
	EVS-WB
	24.4
	on
	-26 dBov
	none

	c20
	EVS-WB
	EVS-WB
	24.4
	on
	-26 dBov
	Profile 11

	c21
	EVS-WB
	EVS-WB
	24.4
	on
	-26 dBov
	Profile 12

	c22
	EVS-WB
	EVS-WB
	24.4
	on
	-26 dBov
	Profile 13

	c23
	EVS-SWB
	EVS-SWB
	24.4
	on
	-26 dBov
	none

	c24
	EVS-SWB
	EVS-SWB
	24.4
	on
	-26 dBov
	Profile 11

	c25
	EVS-SWB
	EVS-SWB
	24.4
	on
	-26 dBov
	Profile 12

	c26
	EVS-SWB
	EVS-SWB
	24.4
	on
	-26 dBov
	Profile 13


