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1. Introduction
We have conducted listening tests 1 and 2 for the PSS/MBMS Surround Sound Study Item and the individual listening test results were sent to Orange for global analysis. This contribution provides the listening test conditions, environment, and the results by Samsung.
2. Listening Test Conditions
For Test 1 over loud speakers, the following environment was used for the listening test.
	Experimental condition

	Test methodology
	MUSHRA test (ITU-R BS.1534) with STEP software (available at http://audioresearchlabs.com)

	Loud speakers
	Genelec 1030A for 5 channel, Genelec 7060A for LFE

	Room setup
	For all experiments using loudspeaker reproduction, the listening room, listener position and equipment correspond to ITU-R BS.1116-1 

	Sound interface
	RME Fireface 800

	Hidden anchors
	Original, 3.5kHz low pass filtered signal

	Codecs under Test
	Condition 2/3/4/5/6/7 as outlined in Test Plan Study on Surround Sound Version 1.01 [1]

	# of listeners
	12 listeners


Table 1. Listening test condition for Test 1
For Test 2 over headphones, the following environment was used for the listening test.

	Experimental condition

	Test methodology
	Modified MUSHRA test as defined in Test Plan Study on Surround Sound Version 1.01 with CRC SEAQ software

	Headphone
	Stax Lambda SRS-4040 II (Signature system) : High quality open-back, circum-aural headphones

	Sound interface
	RME Fireface 800

	Reference
	Condition 4 as outlined in Test Plan Study on Surround Sound Version 1.01

	Codecs under Test
	Condition 1~3 and 5~6 as outlined in Test Plan Study on Surround Sound Version 1.01

	# of listeners
	12 listeners


Table 2. Listening test condition for Test 2

2. Listening Tests Results
2.1 Listening Test Results of Test 1
The grand mean scores of each codecs are shown in Figure 1. No post screening was conducted because the score of hidden reference from each listener is larger or equal to 90.
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Figure 1. Mean score of each test items
The Y-axis depicts the mean on the 100 point MUSHRA scale. The 95% confidence intervals are calculated as below:
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where m is the average as
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where N is the sample size (e.g. number of listeners) and xk denotes the individual sample values.
Table 3 shows the codec configurations of each condition.
	Configurations
	Condition

	5.1 original signal
	1 (hidden reference)

	MPS with HE-AAC stereo core codec using MPS downmix at 64 kbps
	2

	MPS with HE-AAC stereo core codec using ITU downmix at 64 kbps
	3

	MPS with HE-AAC stereo core codec using MPS downmix at 48 kbps
	4

	MPS with HE-AAC stereo core codec using MPS downmix at 96 kbps
	5

	HE-AAC 5.1 codec at 160 kbps
	6

	HE-AAC 5.1 codec at 64 kbps
	7

	3.5 kHz band-limited 5.1 signal 
	8 (hidden anchor)


Table 3. Listening test condition for Test 1
The mean scores of each codecs per test items are shown in Figure 2 and Table 4. According to the listening test results as shown in Figure 2 and Table 4, following conclusions can be drawn which was expected from the verification test results on MPEG Surround [5].

· The performance of MPS with HE-AAC stereo core codec using MPS downmix at 64 kbps (Condition 2) and MPS with HE-AAC stereo core codec using ITU downmix at 64 kbps (Condition 3) is statistically equivalent at the level of 95% significance.

· The performance of MPS with HE-AAC stereo core codec using MPS downmix at 48 kbps (Condition 4) is worse than that of MPS with HE-AAC stereo core codec using MPS downmix at 64 kbps (Condition 2) and MPS with HE-AAC stereo core codec using ITU downmix at 64 kbps (Condition 3) at the level of 95% significance.

· The performance of MPS with HE-AAC stereo core codec using MPS downmix at 96 kbps (Condition 5) and HE-AAC 5.1 codec at 160 kbps (Condition 6) is statistically equivalent at the level of 95% significance.

· The performance of MPS with HE-AAC stereo core codec using MPS downmix at 48 kbps (Condition 4) and HE-AAC 5.1 codec at 64 kbps (Condition 7) is statistically equivalent at the level of 95% significance.
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Figure 2. Grand mean score of Test 1

	Codec
	Mean
	Mean – 95% confidence interval
	Mean + 95% confidence interval

	1
	99.34
	98.94
	99.75

	2
	77.34
	74.53
	80.15

	3
	78.35
	75.71
	80.99

	4
	70.85
	67.74
	73.95

	5
	82.48
	79.97
	85.00

	6
	86.06
	83.79
	88.33

	7
	68.39
	65.32
	71.47

	8
	21.01
	20.38
	21.63


Table 4. Mean score and confidence interval for Test 1
2.2 Listening Test Results of Test 2

In Figure 3, the x-axis is the difference scores for each listener ‘l1~l12’ for the codecs under test (1~6).  We applied the post screening rule that is to remove the all test results from a listener who scores significantly worse point for the hidden reference (Condition 4). Therefore, the listening test results from the listener 3 and listener 4 were excluded for grand mean score.
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Figure 3. Test 2:  Mean score of each listeners and codecs under test
The grand mean scores of each codecs are shown in Figure 4 after post screening. The same method of calculating the confidence interval as for Test 1 was applied. Table 5 shows the codec configurations of each condition.

[image: image6.emf]-0.6

-0.4

-0.2

0

0.2

0.4

0.6

Con1 Con2 Con3 Con4 Con5 Con6


Figure 4. Test 2:  Mean score of each listeners and codecs under test
	Configurations
	Condition

	HE-AAC Stereo downmix at 64 kbps + binaural post-processing
	Reference

	HE-AAC 5.1 at 320 kbps + binaural post-processing
	1

	MPS binaural with HE-AAC stereo core codec
	2

	MPS 5.1 with HE-AAC stereo core codec with binaural post-processing
	3

	HE-AAC Stereo downmix at 64 kbps + binaural post-processing
	4 (Hidden Reference)

	HE-AAC 5.1 at 64 kbps + binaural post-processing
	5

	HE-AAC Stereo downmix at 128 kbps + binaural post-processing
	6


Table 5. Listening test condition for Test 2
According to the listening test results as shown in Figure 4, following conclusions can be drawn.
· The performance of MPS binaural with HE-AAC stereo core codec (Condition 2), MPS 5.1 with HE-AAC stereo core codec with binaural post-processing (Condition 3), and HE-AAC Stereo downmix at 64 kbps + binaural post-processing (Condition 4) is statistically equivalent at the level of 95% significance.
· HE-AAC 5.1 at 64 kbps + binaural post-processing (Condition 5) is significantly worse than that of the other conditions.
· The performance of HE-AAC 5.1 at 64 kbps + binaural post-processing (Condition 5) is significantly worse than that of the other conditions.
· The performance of HE-AAC Stereo downmix at 64 kbps + binaural post-processing (Condition 1) is significantly better than that of HE-AAC Stereo downmix at 64 kbps + binaural post-processing (Condition 4), HE-AAC 5.1 at 64 kbps + binaural post-processing (Condition 5), and HE-AAC Stereo downmix at 128 kbps + binaural post-processing (Condition 6).
As mentioned in [3], post-processing technologies for surround are used to support diverse environments ranging from earphones to multiple speakers but do not require any special encoding. In addition to the differences in the reproduction environments, we do have serious concerns as:
· The HRTF for binaural rendering needs to be optimized for each listener for best experience. The end users do not know how they can optimize the filter in their mobile device. It is not reasonable for the handset manufacturer to provide individually optimized HRTF’s.
· Each user has a different preference for surround effects. In other words, binaural rendering in MPEG Surround would not be the best and the only solution for surround experience.

When we look into the details of the listening test results of Test 2, we could observe that the listening test results of each listener show quite different preferences. It can clearly be observed that listeners l1, l7, and l12 are not in favor of Condition 2, 3, and 5 which are the binaural post-processed stimulus. Statistical analyses such as ANOVA may give us an insight on which independent random variables (e.g. listeners, test items, and codecs) are statistically significant.
3. Conclusion

In this contribution, we summarized the listening testing results for surround sound. Furthermore, we have raised the issues on headphone rendering with MPEG Surround technology. We believe that the results clearly show many concerns raised during the discussions of this SI. In [4], we outline the key issues that shall be addressed to better support surround sound on the UE environments, based on our previous tdocs and the testing results.
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