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1 Introduction

Within the “Study on Surround Sound codec extension for PSS and MBMS” test methodology is developed and applied to evaluate the performance of surround sound as a feature for 3GPP services. 

A test methodology was proposed and listening tests were conducted according to the test plan (S4-091004). The listening tests over loudspeakers (Test 1) and the test on error robustness (Test 4) were performed successfully. For the test over headphones (Test 2), the results of the listening tests were found to be inconclusive according to the GAL report.
In this document a revised test plan is presented for the test over headphones (Test 2).
2 Test methodology
The results of the headphones test (Test 2) according to S4-091004 were found to be inconclusive. An analysis was conducted to identify which elements of the test need to be improved in order to obtain conclusive results. In the section below, a short description of the identified points is given. A refined test plan is attached to this document. It is noted that this test method is conforming to ITU-R BS.1284-1.
2.1 Use of reference condition
In the headphones test, “Test 2”, as conducted according to the test plan in S4-091004, a reference condition was employed consisting of a stereo coded, post-processed condition. The use of an open reference condition may introduce biasing towards this condition. This is desirable if the reference condition represents a maximum attainable quality level, as e.g. in small impairment tests where any difference to the reference is to be considered a quality degradation. In the case of a preference test however, this bias is highly undesirable. The bias will especially occur with subjects that are experienced in subjective tests using a scale for assessing impairments. 
It is therefore proposed to run the future headphones test without an open reference condition.

2.2 Test method
In the Test 2 previously conducted, for each trial many conditions were presented at once. Since the test did not include an absolute reference quality, i.e., the reference condition did not represent the highest quality level, it was particularly difficult for subjects to grade the conditions in a consistent fashion. This effect was further enhanced by the fact that the different conditions vary on different “perceptual axes”, e.g. coding artefacts, spatial imaging, etc. 
Therefore it is proposed to simplify the task for the listeners and run the test in a pair-wise fashion. This means that in each trial only two conditions are to be evaluated relative to each other. Each pair should be presented randomly. 
In order to assess the reliability of a subject, it is proposed that also a comparison is made between two identical conditions, namely the discrete 5.1 surround HE-AAC at 320 kbps + binaural post-processing. The results of these scores can be used for post-screening.
2.3 Number of test conditions and duration
In order to simplify the task for the listeners and still being able to draw conclusions from the test, only the most important conditions should be evaluated. Furthermore, only the most relevant combinations of test conditions should be evaluated. This also helps drawing conclusions and reducing the test effort; it also helps listeners to maintain focus for the duration of the test.

The total test duration is (Number of comparisons) x (Number of items) x (Grading time). In order to keep the test duration within reasonable limits, i.e. within 1 hour, the total number of comparisons must not exceed 5 including the reliability check. Assuming listeners need 1 min to evaluate a pair-wise comparison, the test duration is 5 pairs x 12 items x 1 min/pair = 60min.

In the Test 2 previously conducted, no differences were found for any of the test labs between the two MPS conditions at 64 kbps (MPS binaural at 64 kbps and MPS 5.1 at 64 kbps with binaural post processing). This was observed also in Test 4. The results of these conditions can be considered perceptually equivalent.

Therefore, it is proposed to reduce the test effort by including only the MPS 5.1 at 64 kbps with binaural post processing.
2.4 Scale

In ITU-R BS.1284-1 a seven-grade comparison scale (-3 …+3) is described, which had been used in the previously conducted Test 2.  The same scale should be used in this test. The scale should have a resolution of 0.1.
2.5 Post-screening

As described above, the scores for identical pairs can be employed to post-screen subjects. If subjects are not able to consistently grade these close to zero, it is likely that the subject has not graded the other conditions reliably. Nevertheless, since spontaneous errors may occur, listeners should be allowed to make single mistakes. Therefore it is proposed to discard the scores of subjects that score the identical pair condition twice or more outside the interval [-0.5 – 0.5].

2.6 Familiarisation and training

Listeners are in general not used to listen (for a prolonged time) to spatial audio over headphones. It is important to make them familiar with the effects and artefacts of it, such that they are familiar with the sound before the test and are able to concentrate on evaluating the differences between the different variants. A detailed description of the familiarisation procedure is attached to this document.
Moreover, a training phase should be included as previously done in Test 2.
2.7 Instructions

The instruction to the listeners should be updated according to the modified test method and the familiarisation and training phase.
2.8 Data analysis

Data analysis of the results is performed by the GAL. It should be based on the pooled results of all labs and items. Standard test methods should be applied including mean and confidence intervals. Further analysis should be justified by the characteristics of the data. 

3 Test conditions

As stated before, for this improved test, only the most important conditions should be compared, so that the relevant results can be obtained. The following conditions are compared in the proposed test. Note that all conditions are subject of binaural post-processing, not mentioned in the table below.
	Conditions to be compared
	Motivation 

	Stereo downmix using HE-AAC at 128 kbps
vs.
5.1 surround using HE-AAC at 320 kbps 
	This comparison serves as a motivation for the work item. The high quality discrete codec represents the ultimate quality that a surround coding scheme could strive for given a specific HRTF set. By using high bitrate we ensure a low level of coding artefacts. This comparison will show what the additional channels can achieve ideally for headphone reproduction.


	MPS using HE-AAC at 64kbps 
vs.

5.1 Surround using HE-AAC at 320 kbps

	This comparison shows how close the MPS condition can approach the high quality condition at the moment.

	Stereo downmix using HE-AAC at 64 kbps

vs.
MPS using HE-AAC at 64kbps 

	This comparison shows how MPS compares to the performance of stereo at the same low bitrate

	5.1 surround using HE-AAC at 64 kbps

vs.

MPS using HE-AAC at 64kbps 


	This comparison shows the added value of MPS over discrete techniques at the same low bitrate.

	5.1 surround using HE-AAC at 320 kbps

vs.

5.1 surround using HE-AAC at 320 kbps
	This comparison serves as a reliability check and is used for post-screening.


From the results of Test5 it could be observed that the sound colour and the spatial aspects of the HRTFs used in the binaural processing both play an important role for the perceived quality. In order to test the added value of the surround sound transmission independent of other effects of the HRTFs, it is proposed to process the items with an updated set of HRTFs. 
4 Timeline

The envisioned time line for running this test is given below. In the attached test plan a more detailed break down is provided.
•
SA4#60 Define test methodology and test plan

•
SA4#61 Present results to SA4 and conclude

5 Conclusions
In this document a number of improvements of the test for evaluating surround sound over headphones are provided. Furthermore, an envisioned time line is given. It is proposed to conduct the test according to the new test plan provided in S4-100627.

