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1 Introduction

One of the important design constraints considered in the Study on Surround Sound is backward compatibility to existing 3GPP audio codecs. Effectively, this means that surround sound will be realized by combining a mono or stereo 3GPP audio codec, also referred to as the core codec, with a surround sound extension.
Document S4-091004 contains the test plan for the Study on Surround Sound. In this test plan, tests using the combination of HE-AAC
 with MPEG Surround are proposed. Test 3 describes how the quality impact on the backward compatible part, i.e., the core codec, will be estimated. This estimation is based on already available 3GPP subjective test data. This document provides the results of this procedure.
2 Effect on quality of backward compatible part
The test plan for the Study on Surround Sound (S4-091004) describes a number of tests to evaluate the quality for different use cases and conditions. The surround codec under test, the combination of stereo HE-AAC and MPEG Surround is evaluated at bit rates ranging from 48 kbps in total to 96 kbps in total. As prescribed by the test plan, for these configurations an estimate of the quality impact for the backward compatible part is to be provided (Test 3). The procedure for deriving this estimate is in accordance with document S4-090866. Using known 3GPP measurement points (see Annex 1), a bit rate versus quality curve is approximated. Based on this curve the impact on the quality of the backward compatible part of the bit stream is estimated.
It is proposed to include the following text into sections 8 (“Validation of the user benefits”) and 9 (“Conclusions”) of the draft TR on Surround Sound. The areas marked grey are to be updated according to the numbering of the TR.
8.x Backward compatibility

According to Test 3 of the test plan [X] the quality impact due to the inclusion of a surround sound extension, which takes away a certain bit rate from the underlying stereo core coder, has been determined for the surround sound codec configurations described in the test plan. Table X provides an overview of the tested configurations, all consisting of combinations of HE-AAC with MPEG Surround.

 Table X – Overview of tested surround sound configurations

	Configuration
	Overall bit rate (kbps)
	HE-AAC bit rate (kbps)
	MPEG Surround bit rate (kbps)

	HE-AAC/MPS @ 48kbps
	48.0
	39.8
	8.2

	HE-AAC/MPS @ 64kbps
	64.0
	55.8
	8.2

	HE-AAC/MPS @ 96kbps
	96.0
	66.7
	29.3x


In order to establish an estimate of the aforementioned quality impact, a bit rate versus quality curve is required for the HE-AAC codec. This bit rate versus quality curve is primarily established by MUSHRA measurement points from the 3GPP audio codec high rate selection tests [X] at 18, 24, 32 and 48 kbps. Additionally, an estimate for the quality at 128 kbps is provided. An estimated bit rate versus quality curve is then established by applying a piecewise cubic interpolation through the average MUSHRA scores. This is visualized in Figure X.
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Figure X – Graphical representation of bit-rate versus quality curve for HE-AAC codec. The 3GPP high rate selection results are indicated as mean and 95% confidence intervals. The additional data point at 128 kbps is indicated by a circle.
Using the information from Table X, an estimate is made for the quality reduction by comparing the audio quality at the overall bit rate (e.g. 48 kbps), which could be used if no surround sound extension would be employed, versus the quality at the bit rate consumed by the stereo core (e.g. 39.8 kbps). This process is also shown in Figure X, where the horizontal lines denote the bit rate differences and the vertical lines the quality differences. The estimated quality differences are provided in Table Y.
Table Y – Quality estimate of stereo core for 48, 64 and 96 kbps configurations in case of HE-AAC or HE-AAC/MPEG Surround combination 

	Configuration
	MUSHRA score for HE-AAC only
	MUSHRA score for HE-AAC/MPS
	MUSHRA quality difference

	48 kbps
	82.0
	79.8
	-2.2

	64 kbps
	85.7
	83.9
	-1.8

	96 kbps
	91.2
	86.3
	-4.9


x) For the HE-AAC/MPS @ 96 kbps configuration so called ‘residual coding’ is employed. This means that in addition to spatial parameter data, additional waveform coded data is employed to further improve the multi-channel audio quality.
9 Conclusion – Proposal for standardization of a surround sound codec extension
From the test results provided in this TR, the following conclusions can be drawn:
…

For the combination of HE-AAC and MPEG Surround at bit rates of 48 and 64 kbps total, the quality reduction, expressed in MUSHRA score, due to the lower available bit rate for the stereo HE-AAC core, is negligible in case the MPEG Surround extension consumes approximately 8 kbps. For the combination of HE-AAC and MPEG Surround at bit rates of 96 kbps total, the quality reduction due to the lower available bit rate for the stereo HE-AAC core, in case the MPEG Surround extension consumes approximately 30 kbps, is still significantly smaller than one interval on the MUSHRA scale.

…

3 Conclusion
This document provides the results of the procedure agreed upon in Test 3 of the Study on Surround Sound test plan (S4-091004). It is proposed to include the text of Section 2 of this document into the Draft TR on Surround Sound.
Annex 1: Selection Test measurement data

Test A2: 18 kbps stereo, AAC+, AMR-WB+, CT

	
	Codec1
	Codec2
	Codec3
	AAC
	AMR-WB
	hidref
	lp3500_s12
	lp7000_s12
	lp7000_s6

	Average
	37.5
	55.6
	53.3
	20.9
	48.2
	100.0
	31.2
	60.6
	62.3

	Lower Bound
	35.5
	53.4
	50.8
	19.4
	46.4
	99.9
	29.6
	58.9
	60.6

	Upper Bound
	39.5
	57.8
	55.7
	22.4
	50.1
	100.0
	32.8
	62.3
	64.0


Test A4: 24 kbps stereo, AAC+, AMR-WB+, CT

	
	Codec1
	Codec2
	Codec3
	AAC
	AMR-WB
	hidref
	lp3500_s12
	lp7000_s12
	lp7000_s6

	Average
	55.3
	61.3
	67.1
	34.8
	44.8
	99.8
	31.3
	57.8
	61.1

	Lower Bound
	52.9
	59.1
	64.9
	32.7
	42.9
	99.8
	29.6
	56.0
	59.3

	Upper Bound
	57.7
	63.6
	69.4
	36.9
	46.7
	99.9
	33.0
	59.6
	62.9


Test 1: 32 stereo, AAC+, CT

	
	Codec1
	Codec2
	AAC
	hidref
	lp3500
	lp7000
	RN

	Average
	75.8
	84.9
	38.7
	99.6
	26.7
	53.6
	48.0

	Lower Bound
	73.5
	83.2
	36.0
	99.4
	24.4
	50.9
	45.2

	Upper Bound
	78.1
	86.5
	41.5
	99.8
	29.1
	56.2
	50.8


Test 2: 48 stereo, AAC+, CT

	
	Codec1
	Codec2
	AAC
	hidref
	lp3500
	lp7000
	RN

	Average
	82.0
	81.5
	60.5
	98.7
	27.1
	45.4
	64.1

	Lower Bound
	80.0
	79.5
	57.7
	98.3
	25.2
	43.2
	61.6

	Upper Bound
	84.1
	83.5
	63.3
	99.0
	29.0
	47.6
	66.7












































� HE-AAC is equivalent to 3GPP Enhanced aacPlus






