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1	Introduction
The choice of suitable test methods for the evaluation of the candidate IVAS codecs is one of the corner stones of the standardization process. In the selection process, the codec candidates are compared to each other and evaluated in relation to the agreed reference conditions in accordance with the performance requirements being set for the IVAS codec [1]. During the characterization phase, the performance of the selected IVAS codec is further assessed to support the future use of the IVAS codec standard, with a technical report on the IVAS codec characteristics. 
In earlier SA4 meetings the evaluation procedures for different audio formats have been heavily debated, especially with respect to rendering and the usage of reference renderer(s). Stereo inputs do however not require specific rendering algorithms but could directly be presented to the listeners through headphones or loudspeakers. 
In this contribution, test methods for subjective evaluation of stereo audio are discussed. Even if some of the IVAS subjective evaluations could involve experienced listeners, the sources believe that there is significant value in utilizing naïve listeners, similarly as done in earlier speech and audio codec standardization activities in 3GPP.
2	ITU-T P.800
The ITU-T Recommendation P.800 [2] was developed by ITU-T SG 12 in 1993-1996, as a recommendation for conducting subjective tests of transmission quality for telephony. The test methods were intended to be generally applicable whatever type of degradation there is. It should however be noted that telephony in these times was based on monaural audio only with wideband at best. Still, it makes sense to investigate the applicability of P.800 test methods for the IVAS use cases.
3GPP SA4 has good experiences in utilizing the ITU-T P.800 recommendation for its subjective evaluations, e.g. for the EVS standardization where both absolute category rating (ACR) and degradation category rating (DCR) experiments were performed [3][4][5]. EVS introduced features that were previously not used for telecommunication services, such as wider audio bandwidth, VoIP operation and mixed and music content. The test procedure was complemented with P.50 MRNU [7] which provides MNRU anchors for wider audio bandwidth, a network simulator [8] to expose the codec for VoIP testing conditions and adjustments of the listener instructions [3] to accommodate mixed and music material. IVAS is foreseen to add again new features for telecommunication services, such as support for stereo and spatial audio. Our experiences show however that the spatial aspects of the audio quality may be supressed in traditional P.800 tests setups, replicated in the exact same manner as for monaural audio. This implies that degradation of the stereo image may not be captured as well as desired for the evaluation of a stereo codec. 
One possible explanation is that stereo and spatial audio has traditionally not been used in telecommunications which may reduce the listeners’ attention to spatial aspects when asked to perform an evaluation for telecommunication scenarios. As an example, it was observed that a mono rendering of stereo reference signals was not perceived as a clear degradation, at least to a much less extent than signal distortions. It may be accurate that spatial degradation should carry less weight than signal degradation, but it could also be that the test subjects do not see a great value of the spatial attributes in the applications they associate with traditional telecommunications. 
Hence, the listeners’ expectation on existing telecommunication system may limit the impact of the spatial dimension, while IVAS targets capabilities exceeding such expectations. It is therefore important that degradations in the spatial dimension are also properly taken into consideration. As said, it is likely that in services providing stereo communication, the spatial attributes would contribute much more to the overall quality of experience than what might be understood from the scenarios presented to the listener in a typical P.800 test setup adapted for the evaluation of monaural audio.
Experiences from the development of the new ITU-T Recommendation P.811 [6] did however give us further insights in the setup of P.800 tests for stereo evaluation.
3	ITU-T P.811 
The ITU-T Recommendation P.811 [6], published in 2019, provides a test method for subjective evaluation of the quality degradation introduced by transmission over stereo telecommunication systems providing the users with a spatial experience.
According to P.811, reference and test samples in a trial are presented in three sub-trials with silent voting periods in between. In the first trial, the signal degradation is evaluated, in the second sub-trial the spatial localization accuracy degradation is evaluate, and in the third and final sub-trial, the overall quality degradation is rated. This way the listeners are made aware of spatial aspects in their evaluation, e.g. by specifically evaluating degradation in the localization accuracy, and it was found that P.811 successfully captures the intended aspects of the audio material. 
The drawback of P.811 is however that each trial becomes quite long, with in total 6 playbacks and 3 voting periods per item. Considering the recommended time limits for a listening test session, this effectively reduces the number of conditions and/or items that can be evaluated. Further, the test procedure is quite repetitive, which may contribute to listener fatigue. Therefore, the use of P.811 should be limited to the test cases where the spatial aspects are of such critical nature that the costs of the method can be motivated.
However, as mentioned above, aspects of the P.811 recommendation were shown also to be useful with respect to stereo evaluations based on the P.800 recommendation. During the verification of P.811, test results from the new recommendation were compared against results of corresponding P.800 tests where listener instructions and reference (anchor) conditions had been inspired by the proposed P.811 recommendation. The results showed a high correlation between the overall quality rating of the P.811 and the P.800 DCR scores [6]. Given the larger test capacity of P.800 tests, this setup seems to be an attractive setup for scenarios when the overall quality is of interest and further details on the individual quality attributes are not needed.
4	ITU-T P.800 for stereo
The observations above illustrate the importance of a proper test setup for subjective evaluations. Depending on the specifics of the audio format tested, a different test setup may be needed. 
To properly condition a P.800 test for stereo applications it seemed relevant to select proper reference/anchor conditions. The P.800 recommendation [2] already points out the necessity of such reference conditions, and that which type of controlled degradation is appropriate depends on what is being assessed.  
Modulated Noise Reference Units (MNRUs) have frequently been used as reference conditions in P.800 tests, introducing modulated noise as degraded reference conditions. The MNRUs are typically used to generate test conditions spanning a wide range in terms of quality and give the test subjects examples of different quality levels, from slight to significant degradations. These reference conditions do however not directly imply a degradation in the spatial domain and might get the subjects to focus on degradations in the dimension the MNRUs provide only. In [6], spatial distortion reference units (SDRUs) were therefore introduced as quality anchors for spatial degradation together with MNRUs suitable for stereo playback. 
Annex A of [6] presents the examples of relevant MNRU and SDRU implementations which were used during the P.811 verification phase. The target with the anchor systems was to degrade their targeted dimension only and have as little impact as possible in other dimensions, i.e. the MNRUs was supposed not to impact the perceived degradation in spatial quality and the SDRUs correspondingly not to degrade the signal quality.
Two different versions of SDRUs have been exemplified in [6], the first version called simply SDRU and an alternative version called ESDRU. Both follow the same basic formulation but utilizes different modulation functions affecting the characteristics of spatial instabilities induced by the SDRU. The former results in periodic fluctuations in the stereo image, while the latter results in random stepwise fluctuations with the idea to mimic artifacts that would typically be introduced by quantization and parametrization in joint stereo codecs. Although both versions of SDRUs show a similar effect in terms of rated degradation, the ESDRU was perceived to be less annoying in terms of dizziness induced by the spatial fluctuations in one of the experiments.
Further, the experiences from [6], indicated the impact of relevant listening instructions. As regular P.800 listener instructions do not provide any guidance on different quality attributes, new instructions inspired by the recommended P.811 instructions were used in the related P.800 experiments. These instructions introduced the signal and spatial accuracy in terms of source/talker position while the degradation in the overall quality was to be rated. As a result, it was recommended to use listener instructions that make the listeners aware of the spatial dimension when P.800 DCR tests are utilized, e.g. as exemplified in Appendix II of [6].
5	Summary and proposal
The ITU-T Recommendation P.800 [2], commonly used for codec evaluation within 3GPP, has shown to neglect spatial degradations to some extent in its monaural setup. In an attempt to mitigate this effect, an increased awareness of the spatial dimension was obtained by: 1) updated listening instructions giving some guidance about different quality attributes, 2) addition of spatial distortion reference units (SDRUs) as anchors for spatial degradation. The results of such P.800 setup showed a high correlation with the rating of the overall degradation of corresponding P.811 test at significantly reduced listening time compared to P.811.
Given that the IVAS codec will cover a wide range of functionality, it is foreseen that extensive subjective evaluations are needed. Consequently, there are good reasons for selecting efficient test methods, providing the necessary insights in the performance of the IVAS codec candidates. For the codec selection, a comparison of the overall quality, where the listeners themselves weight together the different quality attributes, would likely be sufficient. Further insights in the different quality attributes could perhaps be of interest for a codec characterization but would not make it easier to compare codec candidates to each other or in relation to reference codecs.
Based on these experiences and observations, the sources propose that the ITU-T Recommendation P.800, with listening instructions and quality anchors adapted for stereo evaluation, as exemplified in [6], is considered for IVAS stereo testing. It is also suggested to further investigate wider applicability of such test methods in the contexts relevant for IVAS.
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