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1. Introduction
At SA4#55 Tdoc S4-090724 [1] was presented for information making a proposal for a new work item on ‘Optimization of AMR-WB’. The main objectives of that WI are quality optimizations of existing AMR-WB modes, VAD optimizations, optimizations of the robustness to frame erasures and complexity vs. quality trade-offs. Tdoc S4-090724 also contains some justification of the suggested work.

This contribution reviews the provided justification in light of characterization results of the AMR-WB interoperable operation mode of the ITU-T G.718 codec. Based on the G.718 codec characterization test results further areas are identified where improvements of the AMR-WB based wideband speech telephony service can be expected. 

In the conclusion the source proposes that potential SA4 work optimizing AMR-WB based speech services should additionally target the provision of new modes to the AMR-WB codec as this is an area where significant improvements can be achieved.
2. On the justification of the proposed AMR-WB optimization work item 

Part of a work item proposal for optimizing AMR-WB should be evidence that such optimizations are feasible. Otherwise there is the risk that 3GPP would waste costly development resources without achieving the actual goal of providing enhancements to AMR-WB based wideband speech services. The work item justification provided in Tdoc S4-090724 makes reference to the AMR-WB interoperable modes of G.718 and claims this as evidence for the feasibility of optimized AMR-WB coding. However, a closer look at the G.718 characterization phase 2 results [2] provides the following picture: 

Annex 1 of this document shows an excerpt of these test results. Four relevant experiments with wideband signals (clean speech, noisy speech, music) were carried out among others containing AMR-WB mode 12.65 and G.718 R2 INT@12.65 kbps without frame losses as codec conditions. The results for these conditions are shown in Annex 1 and are highlighted in green. It can be seen that generally the improvement with the AMR-WB interoperable mode of G.718 (G.718 R2 INT@12.65 kbps) over AMR-WB mode 12.65 is very limited. Only for clean speech experiment 1b, one lab (French) shows a clear numerical MOS improvement over AMR-WB. It is however not obvious if this improvement is statistically significant. While these results by no means exclude that the existing AMR-WB modes can be optimized to provide better quality, the source thinks that they can hardly be regarded as evidence that this is possible and are hence unsuitable to justify the proposed AMR-WB optimization work item. 

Experiments 1B and 4a contain among others clean and noisy wideband speech conditions with AMR-WB mode 12.65 and a configuration with AMR-WB@12.65 encoding and G.718 Interoperable mode decoding (Enc G.722.2 @ 12.65 kb/s -> Dec G.718 INT) under frame loss. The results for these conditions are highlighted in turquoise. It can be seen that large improvements in the order of up to 1 MOS point are possible through the use of the G.718 interoperable mode decoder. These improvements are very impressive and clearly interesting for 3GPP systems. However, such improvements are fully possible under the existing AMR-WB specifications as the modifications needed to enable such improvements are part of the non-normative error concealment operation of the AMR-WB codec. Hence, despite the substantial gain, these results are unsuitable to justify the proposed AMR-WB optimization work item since they do not require any change of the existing specifications. 

The work item proposal further contains VAD improvements and complexity vs. quality trade-offs as objectives. There are no results available from the G.718 codec standardization that would give an indication that such objectives can reasonably be achieved. Neither does the work item proposal provide any other evidence for that.

In summary, it is concluded that for none of the proposed work item objectives suitable evidence has been provided on the optimization feasibility and on the need to enhance the specifications. The source believes that the AMR-WB optimization work item as suggested in Tdoc S4-090724 is not justified.
3.  Ways to improve AMR-WB based wideband speech services

As shown in contribution [3] AMR-WB based wideband speech services can be extended by an enhanced version of AMR-WB with new modes without affecting interoperability to legacy AMR-WB devices and/or services not supporting them. 
The source believes that the addition of new coding modes to AMR-WB provides an excellent opportunity to improve AMR-WB speech services. New coding modes will allow using more advanced coding techniques that can lead to much clear quality improvements than the mere optimization of the existing AMR-WB modes.

One way of exploiting this opportunity would be the provisioning of a high-efficiency AMR-WB mode. According to the G.718 characterization phase 2 results wideband speech coding at 8 kbps can be provided that surpasses the quality of AMR-WB mode 8.85 in clean speech conditions and that despite the lower bit rate is at least equivalent in noisy speech conditions (see conditions of G.718 characterizations test results in the Annex highlighted in yellow).

Further substantial enhancements are possible by extending the audio bandwidth to e.g. super-wideband (SWB). Annex 2 (which is an excerpt from Tdoc S4-090080 [4]) contains subjective listening test results showing that significant quality improvements are possible when going from wideband speech to super-wideband. These improvements can be as big as the quality difference between wideband and narrowband speech. SWB modes can be provided either by adding a SWB extension layer on top of one existing AMR-WB mode or as a completely new mode. The former possibility has the advantage of backward interoperability with the legacy AMR-WB codec, while the latter may have advantages in terms of distortions/rate performance as it has no structural constraints.

Even further substantial enhancement in quality of user experience can be achieved through the provisioning of stereo functionality in combination with super-wideband speech. Stereo contributes much to enhanced quality of user experience in example cases such as music in ringback tones, music on hold or multi-party conferencing.   

Tdoc S4-090724 presently proposes to implement the optimizations by means of a set of CRs. The source regards this proposal as problematic as it would lead to a major divergence of the AMR-WB specifications of earlier releases and of the releases containing the optimizations. This will potentially cause problems of maintaining the specifications and maintaining the different AMR-WB implementations of the vendors. A much more straightforward and cleaner way of introducing the enhancements is by means of a new set of specifications. Here, the vendors have the clear choice of either using the legacy AMR-WB codec or to turn to the enhanced version. 

4. Conclusion

The source believes that sufficient justification is needed as a prerequisite for launching work targeting the enhancement of AMR-WB based wideband speech services in 3GPP.  In order to justify such a work it should be evident

· That there is a clear need to enhance the existing specifications, 

· That requirements can be setup leading to substantial improvements of the AMR-WB speech service, and

· That the fulfilment of such requirements is feasible.
This contribution has reviewed the proposed AMR-WB optimization work item [1] and concludes that it lacks justification if proposed as such and in isolation. 

However, the source believes that significant enhancements of AMR-WB based speech services are possible and desirable through the introduction of new AMR-WB modes, while still retaining full interoperability with existing AMR-WB legacy systems and terminals. New modes for high-efficiency wideband coding, for backwards interoperable and unconstrained SWB coding as well as for SWB stereo will lead to substantial enhancements both in terms of user perceived quality and coding efficiency.

It is hence suggested to amend the proposed work item such that substantial improvement through the addition of new enhanced AMR-WB modes becomes possible. With such prospected enhancements as justification of the development work in 3GPP, the source believes that it will even be worth to make efforts addressing the objectives of the proposed AMR-WB optimization work item since there will be synergies among the objectives. 
It is further suggested to introduce the enhanced AMR-WB codec through a set of new specifications rather than by means of CRs, which will facilitate the introduction, implementation and specification maintenance.
5. References

[1]
S4-090724: Draft WID on Optimizations of AMR-WB
[2]
ITU-T document AC-0907-Q09-05: Summary of the Test Results for Characterization/Optimization Phase 2

[3]
S4-090902: On the interoperability of enhanced AMR-WB services with legacy AMR-WB services

[4]
S4-090080: Feasibility study on EVS audio bandwidth
Annex 1

This Annex contains an excerpt of results from the G.718 characterization phase 2. The results are taken from ITU-T document AC-0907-Q09-05, Summary of the Test Results for Characterization/Optimization Phase 2 [1].  

The highlighting compares the following codec conditions:

Green: AMR-WB mode 12.65 vs. G.718 R2 INT@12.65 kbps without frame losses.

Turquoise: AMR-WB mode 12.65 vs. AMR-WB@12.65 encoding and G.718 Interoperable mode decoding (Enc G.722.2 @ 12.65 kb/s -> Dec G.718 INT) under 3% frame loss.

Yellow: 8 kbps G.718 (R1) vs. AMR-WB mode 8.85 without frame losses. 

Experiment 1b: Wideband Clean Speech (lower rates)
Table 3: Test results for both testing laboratories

	
	American English
	French

	Condition
	MOS
	SD
	MOS
	SD

	Direct
	4.67
	0.58
	4.56
	0.57

	R1
	4.38
	0.7
	4.31
	0.68

	R2
	4.4
	0.72
	4.4
	0.66

	R2 INT @ 12.65 kb/s
	4.41
	0.7
	4.41
	0.65

	Enc R2 INT -> Dec G.722.2 @ 12.65 kb/s
	4.43
	0.68
	4.28
	0.7

	Enc G.722.2 @ 6.60 kb/s -> Dec G.718 INT
	3.71
	0.85
	3.65
	0.72

	Enc G.722.2 @ 8.85 kb/s -> Dec G.718 INT
	4.14
	0.75
	4.13
	0.64

	Enc G.722.2 @ 12.65 kb/s -> Dec G.718 INT
	4.32
	0.7
	4.31
	0.67

	G.722.2 @ 6.60 kb/s
	3.57
	0.88
	3.42
	0.75

	G.722.2 @ 8.85 kb/s
	4.07
	0.84
	4.07
	0.72

	G.722.2 @ 12.65 kb/s
	4.35
	0.73
	4.24
	0.71

	G.729.1 @ 14 kb/s
	4.19
	0.75
	4.03
	0.71

	R1 self tandem
	4.15
	0.81
	3.79
	0.77

	R2 self tandem
	4.36
	0.7
	4.2
	0.61

	R2 tandem with G.722.2 @ 12.65 kb/s
	4.2
	0.72
	4.06
	0.66

	G.722.2 @ 12.65kb/s tandem with R2 
	4.3
	0.73
	4.23
	0.72

	G.722.2 @ 8.85 kb/s self tandem
	3.6
	0.9
	3.64
	0.77

	G.722.2 @ 12.65 kb/s self tandem
	4.18
	0.77
	4.07
	0.71

	R1, 3% FER
	4.12
	0.84
	3.92
	0.71

	R1, 3% FER 40 ms
	3.95
	0.89
	3.66
	0.78

	R1, 6% FER
	3.83
	0.9
	3.61
	0.81

	R1, 8% FER
	3.67
	0.97
	3.31
	0.76

	Enc G.722.2 @ 12.65 kb/s -> Dec G.718 INT, 3% FER
	3.93
	0.83
	3.91
	0.78

	Enc G.722.2 @ 12.65 kb/s -> Dec G.718 INT, 6% FER
	3.79
	0.91
	3.54
	0.84

	Enc R2 INT -> Dec G722.2 @ 12.65 kb/s, 3% FER
	3.34
	0.96
	2.95
	0.8

	G.722.2 @ 8.85 kb/s, 3% FER
	3.19
	0.96
	2.85
	0.85

	G.722.2 @ 12.65 kb/s, 3% FER
	3.28
	1.03
	2.94
	0.78

	R1, 3% BFER
	3.94
	0.87
	3.33
	0.92

	R1, 6% BFER
	3.36
	1.11
	2.93
	0.99

	R1, 8% BFER
	2.84
	1.11
	2.48
	0.81

	Enc G.722.2 @ 12.65 kb/s -> Dec G.718 INT, 3% BFER
	3.91
	0.89
	3.34
	0.94

	Enc G.722.2 @ 12.65 kb/s -> Dec G.718 INT, 6% BFER
	3.48
	1.02
	3.02
	1.04

	Enc R2 INT -> Dec G.722.2 @ 12.65 kb/s, 3% BFER
	3.31
	0.94
	2.8
	0.85

	G.722.2 @ 8.85 kb/s, 3% BFER
	3.18
	0.94
	2.66
	0.7

	G.722.2 @ 12.65 kb/s, 3% BFER
	3.37
	0.94
	2.8
	0.75


 Experiment 2: Wideband Music
Table 7: Test results for both testing laboratories

	
	Music
	Music

	Condition
	MOS
	SD
	MOS
	SD

	Direct
	4,34
	0,77
	3,89
	0,93

	R1
	1,90
	0,95
	1,34
	0,57

	R2
	2,58
	1,01
	1,77
	0,71

	R3
	2,69
	1,06
	2,04
	0,81

	R4
	3,96
	0,93
	3,30
	1,07

	R5
	4,19
	0,84
	3,70
	0,98

	R2 INT 
	2,79
	0,98
	2,06
	0,83

	R3 INT
	2,98
	1,01
	2,24
	0,87

	R4 INT
	4,04
	0,83
	3,50
	1,01

	R5 INT 
	4,25
	0,76
	3,71
	0,89

	G.722.2 @ 12.65 kb/s 
	2,83
	0,94
	2,04
	0,83

	G.722 @ 48 kb/s 
	3,73
	0,97
	2,88
	0,93

	G.722 @ 56 kb/s 
	3,89
	0,91
	3,12
	1,05

	G.729.1 @ 32 kb/s 
	3,88
	0,92
	3,18
	1,01

	G.722.2 @ 8.85 kb/s
	1,98
	0,98
	1,51
	0,60

	G.722 @ 64 kb/s
	4,05
	0,85
	3,31
	1,10

	G.722.2 @ 23.85 kb/s 
	3,76
	0,90
	3,02
	1,00

	G.722.1 @ 24 kb/s
	4,36
	0,75
	4,04
	0,89

	G.722.1 @ 32 kb/s
	4,38
	0,78
	4,14
	0,86

	G.722 @ 48 kb/s with P.341 postfilter
	3,90
	0,88
	3,16
	0,95

	G.722 @ 56 kb/s with P.341 postfilter
	4,07
	0,86
	3,56
	0,99

	G.722 @ 64 kb/s with P.341 postfilter
	4,14
	0,85
	3,60
	1,01


Experiment 4a: Wideband Noisy Speech (car)
Table 13: Test results for both testing laboratories

	
	Chinese
	Swedish

	Condition
	MOS
	SD
	MOS
	SD

	Direct
	4,56
	0,63
	4,78
	0,52

	R1, -26dBov
	4,08
	0,81
	3,83
	0,98

	R1 DTX, -36dBov
	4,09
	0,88
	3,71
	0,98

	R1 DTX, -26dBov
	4,22
	0,83
	4,08
	0,87

	R1 DTX, -16dBov
	4,26
	0,76
	4,07
	0,89

	R5, -26dBov
	4,64
	0,57
	4,78
	0,47

	R1-R5 5Hz fast switching, -26dBov
	4,30
	0,67
	4,31
	0,79

	R2 INT DTX, -26dBov
	4,41
	0,73
	4,30
	0,77

	Enc G.722.2 @ 12.65 kb/s DTX -> Dec R2 INT, -26dBov
	4,48
	0,69
	4,31
	0,76

	Enc G.722.2 @ 12.65 kb/s DTX -> Dec R2 INT, -26dBov, 3% FER
	4,12
	0,82
	3,77
	1,01

	Enc R2 INT DTX -> Dec G.722.2 @ 12.65 kb/s, -26dBov
	4,46
	0,70
	4,39
	0,74

	R3 INT DTX, -26dBov
	4,42
	0,78
	4,29
	0,72

	R3 INT, -26dBov
	4,48
	0,65
	4,52
	0,65

	R3 INT DTX, -26dBov, 3% FER
	4,25
	0,80
	3,96
	0,89

	R5 INT DTX, -26dBov
	4,49
	0,81
	4,55
	0,65

	R5 INT, -26dBov
	4,63
	0,55
	4,80
	0,44

	R5 INT DTX, -26dBov, 3% FER
	4,36
	0,79
	4,27
	0,79

	R1-R5 1Hz slow switching, -26dBov
	4,38
	0,62
	4,42
	0,72

	G.722.2 @ 8.85 kb/s, -26dBov
	3,93
	0,82
	3,95
	0,95

	G.722.2 @ 8.85 kb/s DTX, -36dBov
	3,57
	0,91
	3,80
	0,98

	G.722.2 @ 8.85 kb/s DTX, -26dBov
	4,18
	0,78
	4,03
	0,91

	G.722.2 @ 8.85 kb/s DTX, -16dBov
	4,24
	0,78
	3,94
	0,86

	G.722.2 @ 23.85 kb/s, -26dBov
	4,39
	0,65
	4,65
	0,59

	G.722.2 @ 12.65 kb/s DTX, -26dBov
	4,44
	0,68
	4,48
	0,69

	G.722.2 @ 12.65 kb/s DTX, -26dBov, 3% FER
	3,39
	1,02
	3,19
	1,10

	G.722.2 @ 23.85 kb/s DTX, -26dBov, 3% FER
	3,47
	1,03
	3,26
	1,13


Experiment 4b: Wideband Noisy Speech (street)
Table 15: Test results for both testing laboratories

	
	French
	Canadian English

	Condition
	MOS
	SD
	MOS
	SD

	Direct
	3,30
	0,85
	3,71
	0,79

	R1, -26dBov
	3,10
	0,80
	3,60
	0,78

	R1 DTX, -26dBov
	3,16
	0,96
	3,64
	0,84

	R1 NR, -26dBov
	3,64
	0,94
	3,85
	0,84

	R1 DTX NR, -26dBov
	3,72
	0,93
	3,90
	0,87

	R1 DTX(16), -26dBov
	3,18
	0,95
	3,60
	0,92

	R1 NR (Optimal 14dB), -26dBov 
	4,10
	0,76
	4,35
	0,60

	R2 INT, -26dBov
	3,35
	0,84
	3,77
	0,75

	R2 INT DTX, -26dBov
	3,19
	0,84
	3,71
	0,80

	R2 INT NR, -26dBov
	3,79
	0,93
	4,08
	0,77

	R2 INT DTX NR, -26dBov
	3,70
	0,97
	4,00
	0,73

	R3, -26dBov
	3,23
	0,84
	3,57
	0,82

	R3 DTX, -26dBov
	3,27
	0,85
	3,71
	0,84

	R4, -26dBov
	3,25
	0,77
	3,80
	0,78

	G.722.2 @ 8.85 kb/s, -26dBov
	3,17
	0,84
	3,59
	0,77

	G.722.2 @ 8.85 kb/s DTX, -26dBov
	3,24
	0,78
	3,63
	0,79

	G.722.2 @ 12.65 kb/s DTX, -26dBov
	3,18
	0,77
	3,78
	0,76

	G.722.2 @ 15.85 kb/s, -26dBov
	3,30
	0,78
	3,79
	0,73

	G.722.2 @ 12.65 kb/s, -26dBov
	3,29
	0,75
	3,77
	0,68


Annex 2

This Annex contains an excerpt of the results from a feasibility study on EVS audio bandwidth (Tdoc S4-090080 [2]).

5. Test results

The test results are given below in graphical format. Included error bars indicate 95% confidence intervals. 

From the results it can be concluded:

· There is about a linear quality increase with increasing bandwidth from narrowband to superwideband. Superwideband provides a similar quality gain over wideband as wideband over narrowband.  

· Quality saturates with superwideband. There is no further quality gain from superwideband to fullband. 

· The potential quality gain with an increase of audio bandwidth is substantially larger than the potential with improving the existing AMR or AMR-WB codecs within their respective frequency bands.
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