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Introduction

This document gives a report of the PSS/MMS Audio Codec selection.  

1 PSS/MMS Audio Codec Selection Procedure and Conclusions

The audio codec selection procedure was performed on 3 candidates in the low-bitrate range and 2 candidates in the high-bitrate range. During steps 1 to 3 (and steps 6 to 8 respectively) of the selection process, the candidate codecs were anonymized as follows:


Low-bitrate range: Codec1 (aacPlus), Codec2 (AMR-WB+), Codec3 (enhanced aacPlus)


High-bitrate range: Codec1 (aacPlus), Codec2 (enhanced aacPlus)

The selection procedure was performed following the steps defined in the selection rules (SP-030675). The rules are repeated below, followed by a description of the conclusions of SA4 drawn after each of these steps:

Low Bit-Rate codec discussion (steps 1-5):

1. The LBR Selection test results will be presented and analysed while keeping secret the identity of the LBR candidates. Each candidate will be informed of the code used for its own solution and its solution only. The Selection rules 2 and 3 defined in section 1 will be applied at this stage.

· The audio ad-hoc group reviewed the Global Analysis Lab report (S4-040099) which contained the information required to apply Selection Rules 2 and 3. Based on the data contained in the document, the group concluded that the Codec 1 has to be excluded from the further selection because it did not perform in line with Selection Rule 2.

2. After the review and discussion of the test results (as specified for rule 3), TSG-SA4 will try to reach a consensus on a quality ranking of the LBR candidates.

· The tables in Annex 1 contain the Figures of Merit which were defined for Selection Rule 3 in the low-bitrate range.
· Based on the FOMs, SA4 could draw the following conclusions:

3. Each LBR candidate will then present its solution and show the compliance with the PSS/MMS Audio Codec Design Constraints [1]. All candidates not compliant with all design constraints will be excluded according to the Selection rule 1 defined in section 1.

· All candidates were found to meet the design constraints. No candidate was excluded according to Selection Rule 1.

· The enhanced AMR-WB candidate was also found to meet the design constraints established in the enhanced AMR-WB workitem.

4. The test results obtained by each LBR candidate will then be revealed.

· The identity of each candidate was revealed to the delegates.

5. A discussion and review of the LBR candidate codec characteristics and test results will take place.

· No further conclusions beyond those described in Step 2 could be reached.

High Bit-Rate codec discussion (steps 6-10):

6. The HBR Selection test results will be presented and analysed while keeping secret the identity of the HBR candidates. Each candidate will be informed of the code used for its own solution and its solution only. The Selection rules 2 and 3 defined in section 2 will be applied at this stage.

· The audio ad-hoc group reviewed the Global Analysis Lab report (S4-04028) which contained the information required to apply Selection Rules 2 and 3. Based on the data contained in the document, the group concluded that no codec has to be excluded according to Selection Rule 2.

7. After the review and discussion of the test results (as specified for rule 3), TSG-SA4 will try to reach a consensus on a quality ranking of the HBR candidates.

	Tests
	Operating condition
	Codec1
	Codec2

	LR-A3
	24 kbps, mono
	75.0
	75.8

	LR-A4
	24 kbps, stereo
	55.3
	67.1

	1
	32 kbps, stereo 
	75.8
	84.9

	2
	48 kbps, stereo
	82.0
	81.5

	3-1
	32 kbps, stereo, 1% FER
	66.2
	72.9

	3-2
	32 kbps, stereo, 3% FER
	56.3
	62.3


· Based on all FoMs, Codec 2 was found to be the best performer in the high bit-rate range. SA4 agreed on this quality ranking of candidates for the high bit-rate case.
8. Each HBR candidate will then present its solution and show the compliance with the PSS/MMS Audio Codec Design Constraints [1]. All candidates not compliant with all design constraints will be excluded according to the Selection rule 1 defined in section 2.

· One set of design constraints was covering both the low- and the high-bitrate range. The group concluded, that no candidate had to be excluded according to Selection Rule 1.

9. The test results obtained by each HBR candidate will then be revealed.

· The identity of each candidate was revealed to the delegates.

10. A discussion and review of the HBR candidate codec characteristics and test results will take place.

· No further conclusions beyond those described in Step 7 could be reached.

Selection of PSS/MMS Audio codec(s) for low and high bit-rate ranges:

11. SA4 will try to reach a consensus on codec(s) for the PSS/MMS default audio codec for low and high bit-rate range.

· After a discussion on the respective merits of the candidate codecs and after a collection of company preferences, SA4 agreed on the following selection of codecs:

[insert agreed language here]

List of Attachments:

· SP-030675: PSS/MMS Audio Codec and Extended AMR-WB, Selection Rules Version 2.0

· S4-030433: PSS/MMS Audio Codec Design Constraints and Performance Requirements Version 2.0

Annex 1: FOMs for the low-bitrate range
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Preferred FoM

m

s

sbm

som

average

min

max

A1 14 kbps, 

mono, use case A (PSS)

18,38

15,07

16,65

5,27

13,84

-1,40

26,67

A2 18 kbps, 

stereo, use case A (PSS)

12,69

2,72

9,88

1,97

6,82

-18,90

26,10

A3 24 kbps, 

mono, use case A (PSS)

8,74

21,53

11,42

11,35

13,26

-4,41

27,07

A4 24 kbps, 

stereo, use case A (PSS)

8,60

12,81

16,50

11,73

12,41

-4,60

26,57

B1 14 kbps, mono, use 

case B (MMS), 16 kHz

3,61

-1,48

5,48

-1,83

1,45

-10,20

13,53

B2 18 kbps, 

stereo, use case B (MMS)

11,61

-0,71

-3,14

2,54

2,58

-19,57

30,83

B3 14 kbps, mono, use 

case A (PSS), 3% FER

6,99

19,60

23,77

20,13

17,63

-0,76

32,80

B4 24 kbps, stereo, use 

case A (PSS), 3% FER

11,15

20,37

19,18

19,30

17,50

3,70

30,33

average

10,22

11,24

12,47

8,81

10,68

-7,02

26,74

min

-13,37

-11,43

-19,57

-18,90

-15,81

-19,57

max

30,83

27,69

32,80

30,33

30,41

32,80

FoM L1

28

FoM L2

4

Codec 3

Preferred FoM

m

s

sbm

som

average

min

max

A1 14 kbps, 

mono, use case A (PSS)

17,55

-7,91

-6,24

6,91

2,58

-37,10

30,19

A2 18 kbps, 

stereo, use case A (PSS)

28,69

-19,66

-0,45

9,99

4,64

-36,37

42,20

A3 24 kbps, 

mono, use case A (PSS)

27,29

14,02

21,65

24,32

21,82

-15,40

42,00

A4 24 kbps, 

stereo, use case A (PSS)

33,18

6,26

3,81

28,39

17,91

-13,80

44,24

B1 14 kbps, mono, use 

case B (MMS), 16 kHz

7,75

-15,84

-11,19

-0,39

-4,92

-34,38

15,67

B2 18 kbps, 

stereo, use case B (MMS)

31,29

-8,61

-13,73

20,94

7,47

-27,83

46,00

B3 14 kbps, mono, use 

case A (PSS), 3% FER

2,99

5,26

10,35

19,31

9,48

-23,93

30,70

B4 24 kbps, stereo, use 

case A (PSS), 3% FER

31,35

10,28

11,74

35,05

22,10

-5,07

48,23

average

22,51

-2,03

1,99

18,06

10,14

-24,23

37,40

min

-23,93

-37,10

-27,83

-25,48

-28,59

-37,10

max

46,00

33,48

40,97

48,23

42,17

48,23

FoM L1

23

FoM L2

9


Computational Complexity FOMs:

Decoder (mono/stereo)

	
	Peak WMOPS
	Average WMOPS
	RAM +ROM (KW)
	PROM (KW)

	AAC+
	12.47 / 17.69
	11.12 / 16.20
	21.3 / 22.7
	6.8 / 6.5

	AMR-WB+
	8.6 / 15.5
	7.1 / 14.2
	22.6 /  27.3
	4.0 / 4.9

	CT
	11.39 / 21.63
	10.30 / 20.45
	22.6 / 26.7
	6.7 / 8.0


MMS Encoder (stereo)

	
	Peak WMOPS
	Average WMOPS
	RAM +ROM (KW)
	PROM (KW)

	AAC+
	44.09
	36.67
	40.7
	14.3

	AMR-WB+
	38.3
	34.4
	36.1
	6.8

	CT
	29.85
	27
	43.7
	14.4


PSS Encoder (stereo)

	
	Peak WMOPS
	Average WMOPS
	RAM +ROM (KW)

	AAC+
	44.09
	36.67
	40.7

	AMR-WB+
	62.0
	60.9
	40

	CT
	29.85
	27
	43.7


The preferred FoM is a multi-dimensional matrix and no consistent ranking of the codecs is possible according to the table entries. 


However, the following conclusions have been drawn by the group:


At 14 kbits Codec 2 performs better than Codec 3.


At 24 kbits, Codec 3 performs better than Codec 2.


At 18 kbits the ranking of the performance of Codec2 compared to Codec 3 depends on the application and/or content-type:


Codec 3 performs better than Codec 2 in use case B (MMS)


Codec 2 performs better than Codec 3 in use case A (PSS)


Codec 3 is strong in music and speech over music content at 18 and 24 kbps. 


Codec 2 is strong in speech and speech between music content at 14, 18, and 24 kbps. 


Codec 3 performs worse than the reference for speech and speech-between-music content at rates 14 and 18 kbps.
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		Codec 2

		Preferred FoM

				m		s		sbm		som		average		min		max								Reference		Music items 1…8																speech items 1…8																sbm items 1…4								som items 1…4												Delta scores		Music items 1…8																speech items 1…8																sbm items 1…4								som items 1…4

		A1 14 kbps, 
mono, use case A (PSS)		18.38		15.07		16.65		5.27		13.84		-1.40		26.67										62.96		35.86		50.23		22.16		42.33		29.06		48.00		47.62		61.00		73.86		47.33		61.52		65.64		38.55		46.54		51.29		59.15		53.68		46.10		43.37		55.57		61.89		35.27		37.30								2.36		25.90		16.53		17.61		25.53		15.90		20.31		22.86		23.41		4.41		13.50		12.90		10.21		17.68		19.39		19.03		11.19		20.75		8.00		26.67		8.96		-1.33		14.83		-1.40

		A2 18 kbps, 
stereo, use case A (PSS)		12.69		2.72		9.88		1.97		6.82		-18.90		26.10										30.13		33.23		48.92		46.70		23.47		34.60		48.17		50.07		53.70		60.79		57.30		68.63		55.60		50.75		68.25		53.50		49.90		51.76		47.93		52.04		52.93		43.93		54.07		39.04								21.27		16.10		7.19		26.10		19.53		-0.10		2.73		8.67		14.80		3.57		10.13		5.19		-2.60		-5.18		-11.43		7.27		-6.03		17.55		11.20		16.81		5.11		4.33		-18.90		17.35

		A3 24 kbps, 
mono, use case A (PSS)		8.74		21.53		11.42		11.35		13.26		-4.41		27.07										71.33		47.14		64.17		61.47		40.71		38.59		42.77		33.50		58.27		46.10		65.10		56.57		68.41		45.24		52.76		68.70		40.70		54.10		79.00		43.47		69.48		44.30		59.07		45.72								3.33		0.21		2.00		1.50		4.46		16.93		25.23		16.21		26.63		20.03		23.38		24.20		12.48		17.24		27.07		21.20		17.30		23.40		-4.41		9.40		4.67		10.07		17.43		13.24

		A4 24 kbps, 
stereo, use case A (PSS)		8.60		12.81		16.50		11.73		12.41		-4.60		26.57										44.14		59.60		55.77		46.32		41.03		45.17		32.37		35.27		49.87		57.13		56.40		48.50		48.40		51.44		44.32		52.87		40.87		58.81		48.13		66.63		43.86		51.96		44.63		50.38								13.38		2.17		13.46		10.32		10.34		21.76		-4.60		2.00		17.67		9.77		16.96		12.50		3.40		23.72		3.79		14.70		26.57		21.44		1.57		16.41		10.52		11.25		7.80		17.35

		B1 14 kbps, mono, use case B (MMS), 16 kHz		3.61		-1.48		5.48		-1.83		1.45		-10.20		13.53										49.40		66.23		42.47		49.37		29.37		31.63		31.77		36.23		43.77		70.93		70.55		42.97		52.41		56.43		68.90		53.60		60.10		49.97		40.31		42.60		47.80		49.69		61.96		38.86								13.53		-0.73		7.40		-3.87		7.43		8.83		-0.90		-2.80		2.00		-1.76		2.69		4.21		4.41		-3.40		-9.77		-10.20		5.59		10.59		0.72		5.03		4.10		-0.17		-1.44		-9.79

		B2 18 kbps, 
stereo, use case B (MMS)		11.61		-0.71		-3.14		2.54		2.58		-19.57		30.83										37.66		35.43		32.73		32.97		35.73		40.69		38.07		41.19		67.11		52.90		51.23		59.72		55.53		41.21		50.60		46.19		54.00		61.46		71.26		50.33		42.48		58.03		31.10		44.07								30.83		21.96		-8.77		13.23		6.37		25.79		-13.37		16.85		-7.68		10.57		-5.50		0.45		-4.90		1.52		1.27		-1.41		-19.57		7.82		-0.67		-0.17		3.66		-6.21		19.47		-6.74

		B3 14 kbps, mono, use case A (PSS), 3% FER		6.99		19.60		23.77		20.13		17.63		-0.76		32.80										32.41		61.28		46.43		40.57		44.33		47.22		34.07		58.58		46.00		26.72		34.47		22.07		45.21		31.90		37.24		31.60		25.55		31.60		30.72		29.73		28.34		23.60		37.63		31.30								17.59		-0.76		5.90		7.46		4.60		13.11		6.07		1.96		19.30		20.00		22.60		21.17		19.34		11.87		27.69		14.87		24.59		32.80		22.14		15.57		21.97		29.80		15.97		12.80

		B4 24 kbps, stereo, use case A (PSS), 3% FER		11.15		20.37		19.18		19.30		17.50		3.70		30.33										40.72		47.28		44.33		45.85		31.50		41.10		36.80		42.18		29.93		34.24		33.77		37.90		25.70		23.54		27.00		40.74		26.40		46.69		38.93		44.36		18.80		39.68		34.67		34.20								10.41		8.00		3.70		11.56		12.63		16.59		9.33		17.00		22.03		26.62		23.60		15.80		25.47		20.00		18.27		11.19		18.70		21.38		10.53		26.11		30.33		9.11		24.57		13.20

		average		10.22		11.24		12.47		8.81		10.68		-7.02		26.74

		min		-13.37		-11.43		-19.57		-18.90		-15.81		-19.57

		max		30.83		27.69		32.80		30.33		30.41				32.80

		FoM L1		28

		FoM L2		4

		Codec 3

		Preferred FoM

				m		s		sbm		som		average		min		max								Reference		Music items 1…8																speech items 1…8																sbm items 1…4								som items 1…4												0.00		Music items 1…8																speech items 1…8																sbm items 1…4								som items 1…4

		A1 14 kbps, 
mono, use case A (PSS)		17.55		-7.91		-6.24		6.91		2.58		-37.10		30.19										62.96		35.86		50.23		22.16		42.33		29.06		48.00		47.62		61.00		73.86		47.33		61.52		65.64		38.55		46.54		51.29		59.15		53.68		46.10		43.37		55.57		61.89		35.27		37.30								-1.61		17.97		20.00		30.19		22.43		24.52		25.59		1.28		-16.17		-28.90		0.73		-37.10		0.57		11.06		13.32		-6.84		-23.26		-9.79		0.00		8.10		-7.79		2.78		24.90		7.77

		A2 18 kbps, 
stereo, use case A (PSS)		28.69		-19.66		-0.45		9.99		4.64		-36.37		42.20										30.13		33.23		48.92		46.70		23.47		34.60		48.17		50.07		53.70		60.79		57.30		68.63		55.60		50.75		68.25		53.50		49.90		51.76		47.93		52.04		52.93		43.93		54.07		39.04								42.17		42.20		22.69		29.10		37.90		30.90		3.70		20.87		-24.07		3.75		-15.93		-36.37		-25.47		-6.29		-32.39		-20.50		-25.47		-2.34		-5.17		31.19		2.19		23.43		-25.48		39.81

		A3 24 kbps, 
mono, use case A (PSS)		27.29		14.02		21.65		24.32		21.82		-15.40		42.00										71.33		47.14		64.17		61.47		40.71		38.59		42.77		33.50		58.27		46.10		65.10		56.57		68.41		45.24		52.76		68.70		40.70		54.10		79.00		43.47		69.48		44.30		59.07		45.72								19.53		32.38		19.57		28.53		42.00		24.55		12.20		39.57		10.70		26.31		7.93		-15.40		22.86		33.48		13.10		13.13		28.70		10.50		6.44		40.97		22.56		24.97		13.50		36.28

		A4 24 kbps, 
stereo, use case A (PSS)		33.18		6.26		3.81		28.39		17.91		-13.80		44.24										44.14		59.60		55.77		46.32		41.03		45.17		32.37		35.27		49.87		57.13		56.40		48.50		48.40		51.44		44.32		52.87		40.87		58.81		48.13		66.63		43.86		51.96		44.63		50.38								41.83		7.77		27.12		40.64		41.24		44.24		41.97		20.63		-13.80		9.87		-9.72		16.87		17.97		23.72		14.93		-9.73		0.30		10.59		3.97		0.37		42.03		17.61		36.57		17.35

		B1 14 kbps, mono, use case B (MMS), 16 kHz		7.75		-15.84		-11.19		-0.39		-4.92		-34.38		15.67										49.40		66.23		42.47		49.37		29.37		31.63		31.77		36.23		43.77		70.93		70.55		42.97		52.41		56.43		68.90		53.60		60.10		49.97		40.31		42.60		47.80		49.69		61.96		38.86								15.67		-12.20		7.87		7.70		13.27		12.10		13.07		4.53		-3.73		-34.38		-24.72		-12.10		5.79		-22.73		-12.63		-22.20		-22.72		-9.34		-3.52		-9.17		10.90		-14.76		-2.89		5.17

		B2 18 kbps, 
stereo, use case B (MMS)		31.29		-8.61		-13.73		20.94		7.47		-27.83		46.00										37.66		35.43		32.73		32.97		35.73		40.69		38.07		41.19		67.11		52.90		51.23		59.72		55.53		41.21		50.60		46.19		54.00		61.46		71.26		50.33		42.48		58.03		31.10		44.07								46.00		13.57		27.43		22.37		28.50		41.14		33.93		37.37		-26.39		-20.73		8.73		3.66		-21.97		5.31		-13.53		-3.96		-27.83		3.96		-24.78		-6.27		25.00		7.76		38.77		12.22

		B3 14 kbps, mono, use case A (PSS), 3% FER		2.99		5.26		10.35		19.31		9.48		-23.93		30.70										32.41		61.28		46.43		40.57		44.33		47.22		34.07		58.58		46.00		26.72		34.47		22.07		45.21		31.90		37.24		31.60		25.55		31.60		30.72		29.73		28.34		23.60		37.63		31.30								17.17		-23.93		3.83		15.25		-0.83		15.22		7.97		-10.77		-8.30		21.03		3.63		11.23		-7.10		13.50		4.79		3.30		1.34		8.03		10.31		21.70		15.69		30.70		14.23		16.63
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