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Introduction
In (1), it is described that the process of determining the UE delay specification for MTSI-based speech over LTE expects to consider the following factors:

· Mouth to ear delay impact to the conversational experience

· Typical network delay scenarios for MTSI-based speech over LTE services

· Typical speech capture, send path speech enhancements, encoding, transmission, reception (de-interleaving, channel decoding, SDU size and bundling, etc), decoding (including de-jitter buffering), receive path speech enhancements and rendering delays in a MTSI-based speech over LTE call 
· Channel variability, congestion and the acoustic environmental situation of the two UEs in a call.
This contribution summarizes some of the studies and guidance that have been provided for mouth to ear delay impact to the conversational experience and proposes a working assumption for the ART_LTE-UED with respect to this topic.
Current Guidance
Mouth to ear delay guidance for network planning purposes is provided in (2). The latest version of this document establishes a recommendation to not exceed a mouth to ear delay of 400ms and to minimize delay when possible. A mouth to ear delay below 150ms is considered to be transparent for most situations. 

This recommendation is based on use of the E-model (ITU-T G.107, G.108 and G.109) in the absence of other impairments and has been largely referenced for the purposes of system planning.
Background for historical guidance

Historically, the 400ms maximum allowable delay in international connections in earlier versions of ITU-T G.114 has been derived from studies conducted in 1964 and 1965 as observed in Annex A of (3) and corresponded to a delay where 50% of the users interviewed had difficulties with the conversation. These studies were conducted when the performance of the first operational satellite Early Bird was tested in circuits between France, the United Kingdom, the United States and the Federal Republic of Germany. The circuits were equipped with early versions of various echo suppressors.
Other studies conducted in subsequent years and also summarized in (3) presented quite different results, depending (among other things) on the amount of echo return loss involved in the study.
Figure 1 shows the results of some of these early studies. The conditions for the experiments are described in Table 1.
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Figure 1 - Summary of results of early experiments of impacts of mean one-way propagation time to difficulty in conversation
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Table 1 - Conditions for the testing of impacts of mean one-way propagation time to conversational experience in early studies
It is observed already from these early studies that the impact of echo and its interaction with delay are quite substantial. Of particular interest for modern terminals is curve No. 3, from the experiments by COMSAT described in (4). This curve (detailed in Figure 2) shows the variation in MOS with increasing delay for 50dB or echo return loss (an echo cancellation value typically found in modern mobile terminals complying to 3GPP TS 26.131 requirements).
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Figure 2 - Mean opinion score as function of delay with echo return loss as parameter, and flat echo-path frequency characteristic from COMSAT studies
It is noted from this experiment that, while a degradation in MOS exists for delays as low as 300ms; the delay can be generally tolerated in the absence of echo.
The general conclusion in (3) is that the results summarized in Figure 1 support the view that connections with delays somewhat greater than 400ms may be accepted provided that appropriate echo cancellations are used.
Additional studies

In (6) results of several additional other tests are summarized in Annex B with an emphasis on the results given by the studies from NTT (5) where the relationship between round-trip delay and mean opinion score is given as well as other metrics such as detectability threshold of delay. The NTT study shows the large dependency of the delay on the conversation task given (task 1 being the most interactive and task 6 been the less interactive) as it can be seen from Figure 3. Task 6 represents a free conversation and subjects gave a detectability threshold for delay of 740ms for round trip delay (corresponding to 370ms of one-way propagation time).
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Another study conducted by Bellcore and mentioned in (6), shows that calls with 0ms of inserted delay were rated good; 250ms of inserted delay were rated fair; and 500ms of inserted delay were rated poor. These results are presented in Figure 4.
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Figure 4 - Results from studies conducted by Bellcore
The general conclusion of (6) is that performance degradation due to conversation dynamics impairments is noticeable even below the 400ms one-way delay limit. This effect can be observed when structured interactive tasks and selected sensitive measures are employed in subjective experimentation. This conclusion is influenced by the results from the experiments conducted by NTT which were used in part to derive the Id impairment of the E-Model.
More recent studies
More recently, the study presented on (7) indicates that one-way delays up to 400ms in the absence of echo are generally acceptable (MOSCQE > 4), although some degradation is observed, and delay is much less acceptable in the presence of echo.
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Figure 5 - Effects of echo free delay and echo + delay to conversation, talking and listening MOS
In a recent ITU-T contribution by Deutsche Telekom and HEAD Acoustics
 (8) it is observed that the recent studies do not seem to indicate as bad of a quality degradation with increased delay as the E-model predicts and only the study from NTT (5) presents this rapid drop.

It is noted however that such a rapid drop in quality with delay in the NTT test is observed in the most interactive tasks (random number verification, where subjects are asked to exchange numbers as quickly as possible). 
The contribution then shows results from a study by Egger (see Figure 6) that includes a random number verification task but could not replicate the large drop in quality observed by NTT. Results of a similar experiment are then reported in the contribution (see Figure 7), but with the inclusion of a timed random number verification task. Interestingly, when adding the Random Number Verification timed task, the scores seem to generally drop also for the other tasks.
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Figure 6 - Conversational MOS as a function of one-way delay in studies conducted by Egger et al (2010)
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Figure 7 - Conversational MOS as a function of one-way delay in studies conducted by Deutsche Telekom (2011) including a timed Random Number Verification Timed Task
The conclusion of the contribution is that the need and motivation for a fast interaction is critical regarding the assessment of how delay impacts speech quality judgments. And, while closer results to the E-Model score dependencies on delay could be obtained with the Random Number Verification timed task, the results suggest an adjustment to a less conservative prediction for delays above 400ms. The conclusion also recommends including the expected conversation interactivity speed in the relationship of transmission delay and overall quality prediction.

Summary and Conclusion

The results of several studies on the effects of pure delay to the conversational experience appear to be dependent on several factors like the design of the experiment conducted, pre-training or conditioning of subjects, level of interactivity in the task and, most dominantly, the presence or absence of echo. Nevertheless, the results of almost studies converge to:

· A one-way delay of up to 400ms in the absence of other impairments is generally acceptable in most conversational situations, provided that appropriate echo cancellation is employed.
· Degradations in MOS scores are still observed for values lower than 400ms and even for values lower than 200ms. These degradations can be more pronounced depending on the task so it is reasonable to strive for a minimization of delay below the threshold of 400ms in the architecture of the system.
· Delays in excess of 600ms are more tolerable than what is currently predicted with the E-model.

Although the specific relation between the E-model rating and mouth-to-ear delay may need some review (as indicated in (8)) it is the source understanding that the delay recommendation specified in the current version of ITU-T G.114 is still valid and aligned with the points above as it indicates that: 
· Regardless of the type of application, it is recommended to not exceed a one-way delay of 400 ms for general network planning.
· Although a few applications may be slightly affected by end-to-end (i.e., "mouth-to-ear" in the case of speech) delays of less than 150 ms, if delays can be kept below this figure, most applications, both speech and non-speech, will experience essentially transparent interactivity. 
Both of these aspects are confirmed by most studies, including recent ones.
Furthermore, while these studies have been mostly focused on landline situations, additional impairments typical to the mobile world such as attenuation or echo during double talk, interaction of low bitrate speech coders with noise and noise suppression, and less than ideal acoustic coupling of terminals can all possibly reduce even further the tolerance to delay. These aspects have not been fully analyzed on the studies presented here but can be expected to reduce tolerance to delay further.
Proposal

For the ART_LTE-UED WI, the source proposes that the working assumption for end to end (i.e. mouth to ear) delay does not exceed the current recommendations for one-way transmission time in ITU-T G.114 section 4.
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Figure � SEQ Figure \* ARABIC �3� - Effects of round-trip delay to Mean Opinion Score for untrained subjects for a variety of tasks
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FIGURE B.3/G.114
Mean Opinion Scores (MOS) for the four delay conditions
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Fig. 8. Relationship between round-trip delay and mcan opinion score.



