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1 Introduction
One of the interesting properties to be investigated in the study on Surround Sound for PSS and MBMS is the impact of introducing a backward compatible surround extension to a stereo service. For example, assume that an operator already has a stereo service running at 64 kbps stereo. Then, if he wanted to adapt this service into a surround sound service at the same 64 kbps, part of the bit rate would be consumed by the surround sound extension, e.g. 8 kbps. For legacy (stereo) terminals this would mean that the stereo service, consisting of the backward compatible part of the surround sound service, is delivered at a lower bit rate, i.e., 56 kbps. In order to investigate the impact on audio quality of the bit rate consumption on the backward compatible part, document S4-AHQ010 proposed the use of existing 3GPP measurement data instead of conducting an additional subjective listening test. 
During the discussion of S4-AHQ010 at the SQ Ad Hoc on Surround Sound for PSS and MBMS, questions were raised whether sufficient data would be available from those exercises. This document provides information on the bit rate versus quality curve based on data from existing 3GPP measurements and discusses the benefit of such data for the purpose outlined above.
One implicit assumption worth noting in this context is that the addition of the surround sound extension does not force the content creator to use a particular type of downmix (which could introduce further quality degradation). In order to verify this assumption, the performance of the surround sound extension with different downmix types will be validated in a separate experiment.
2 Bit rate versus quality
The surround sound codec that is proposed to be evaluated (see S4-AHQ011), is the combination of stereo 3GPP Enhanced aacPlus (hereinafter “AAC+”) and MPEG Surround. During the Release 6 selection test (see TR 26.936), AAC+ has been evaluated in the low and high rate selection tests (Tests A2, A4, TR 26.936 Attachment 1E, and Tests 1 and 2 TR 26.936 Attachment 1G). For completeness, the overall measurement data is copied in Annex 1. Using this measurement data the following figure can be constructed (see Figure 1). Although care needs to be taken when comparing results of different tests, the resulting figure illustrates a consistent pattern indicating the expected behavior. For the low rates the bit rate versus quality curve is very steep, going e.g. from 18 kbps to 24 kbps delivers a quite significant quality improvement, whereas for the higher rates, e.g. going from 32 kbps to 48 kbps delivers a much smaller quality improvement while much more additional bit rate was invested. 
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Figure 1 – Stereo AAC+ low and high rate selection test data combined into a single plot
The typical point of operation for the combination of AAC+ and MPEG Surround is expected to be in the order of 48-128 kbps in total. For these bit rates it is expected that the MPEG Surround side information will only consume a small fraction of the total bit rate, e.g. 5-10%, leaving the majority of the bit rate for the stereo core coder, AAC+. The question thus arises whether an indication of the quality versus bit rate curve at the higher rates can be approximated, based on the data plotted in Figure 1. To this end, we consider an additional data point. The transparency point for AAC, to which AAC+ would revert for these high bit rates, is generally accepted to be in the order of 128 kbps [1]. This point is added at a MUSHRA score of 95 points in Figure 2. This score roughly corresponds to what would be considered transparent audio quality. Note that adding this data point emphasizes the earlier statement that for low bit rates the bit rate versus quality curve is very steep whereas for high bit rates the curve is very shallow.
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Figure 2 – Stereo AAC+ low and high rate selection test data and AAC transparency
Using these data points, a stylized bit rate versus quality curve can be approximated. This has been done in Figure 3. The black dotted line denotes a stylized bit rate versus quality curve that roughly matches the data points. As indicated by the green dotted line the higher part of the bit rate versus quality curve is approximated as a straight line, which seems a reasonable approximation considering the trajectory of the curve for the lower rates and the relatively small quality difference, expressed in MUSHRA points, between the points at 48 kbps and 128 kbps.
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Figure 3 – Stylized bit rate versus quality curve for AAC+
Using the stylized representation of Figure 3 an approximation of the impact of the bit rate by introducing a surround extension can be approximated at the typical operating points. The slope of the green marked line is approximately (95-82 MUSHRA points)/(128-48kbps)=0.1625 MUSHRA points/kbps.

Now, for the example of a channel allowing a service running at 64 kbps, the operator has the choice of running a stereo service at the full 64 kbps, or a surround sound service running at a total of 64 kbps, of which approximately 8 kbps is required for the surround sound extension. The approximate quality level difference of both services for legacy terminals is therefore 8 * 0.1625 = 1.3 MUSHRA points. 

3 Conclusion and Decision Proposal

In this document it is shown that a relatively good approximation of the bit rate-quality curve for Enhanced aacPlus can be made considering just one additional, generally accepted, data point. While the measurement points obtained during the 3GPP selection and characterization phase do not cover all bit rates at which the core coder might operate when extended with a surround sound extension, they do illustrate the most critical portion of the bitrate-quality curve well enough for the purpose at hand. Therefore, it is proposed to use the approach described in S4-AHQ010, and report on the expected quality impact for the configurations that will be tested in the test plan using the procedure outlined above.
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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












































