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1 Introduction
The importance and desirability of backward bitstream interoperability of EVS codec with 3GPP AMR-WB/ITU-T G.722.2 standard was extensively discussed during EVS sessions at 3GPP SA4#52 meeting. A contribution S4-090288 has been submitted for the 3GPP SA4#53 meeting questioning the merits of this bitstream interoperability. Some discussions and conclusions of S4-090288 are based on the performance of the ITU-T G.718 interoperable mode as assessed by the Phase I of the G.718 Characterization tests. 

This contribution corrects the information related to the performance of AMR-WB interoperable mode of G.718 provided in the contribution S4-090288. The reason is that several problems related to the AMR-WB interoperable mode (software bugs) have been reported in Q.9 of ITU-T SG16 after Phase I of the Characterization. These problems significantly affected the subjective performance of the G.718 interoperable mode, and had to be fixed. The corrected G.718 codec was extensively evaluated in Characterization Phase II of March 2009 where significant improvement of the interoperable mode was observed. Consequently, Characterization Phase II results should be used as the up-to-date G.718 performance reference.
2 Reported performance of G.718 interoperable mode in S4-090288
In section 7 of contribution S4-090288, the recently standardized ITU-T G.718 codec is presented as an example of the performance achievable with bitstream interoperable core of 3GPP AMR-WB (ITU-T G.722.2). G.718 is an embedded scalable codec that consists of 5 layers, R1-R5. The bitrates are 8 kb/s, 12 kb/s, 16 kb/s, 24 kb/s and 32 kb/s, respectively. An optional mode interoperable with AMR-WB at 12.65kb/s replaces R1-R2 of G.718. 
In S4-090288, selected results from G.718 MOS Characterization Phase I test are presented, concerning WB clean speech test conditions in Exp. 2a run by two independent laboratories [5]
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[6]. Below, Table 1 from S4-090288 is reproduced for reference.
	Condition

Number
	Condition

(ACR, WB clean, 26dBov)
	Lab A
	Lab B

	
	
	MOS
	95% CI
	MOS
	95% CI

	1
	G.718 @ R1
	3.964
	0.126
	4.349
	0.102

	2
	G.718 @ R2
	3.990
	0.131
	4.427
	0.094

	7
	G.718 @ R1, 3% FER
	3.771
	0.138
	4.031
	0.108

	13
	G.718 @ R2’, INT
	3.813
	0.138
	4.182
	0.108

	15
	G.718 @ R3
	4.000
	0.124
	4.375
	0.102

	18
	G.718 @ R3, 6% FER
	3.745
	0.140
	4.052
	0.117

	19
	G.718 @ R3, 8% FER
	3.547
	0.131
	3.927
	0.115

	21
	G.718 @ R3, INT
	3.906
	0.118
	4.276
	0.096

	22
	G.718 @ R3, INT, 6% FER
	3.458
	0.139
	3.865
	0.128

	27
	G.722.2 @ 12.65kb/s
	3.693
	0.139
	4.292
	0.097

	30
	Direct
	4.016
	0.130
	4.427
	0.100


Table 1:  G.718 Characterization Test Phase 1, WB Clean, ACR
Based on the results in Table 1, the source of S4-090288 makes some errant conclusions on the performance achievable with a core interoperable with AMR-WB at 12.65 kb/s. The following text is extracted from S4-090288:

· R1 (condition #1) is statistically better than the bit-stream compatible mode R2’-INT (condition #13) even though R1 is at a lower bit rate by more than 4kbps.  R2 (condition #2) is also statistically better than R2’-INT despite having the same bit rate. 

· it is worth noting that evidence from this test is even inconsistent as to whether a codec with a bit-stream compatible constraint can achieve the same quality as the codec with which it is compatible.  

Given that the G.718 version used in Phase I of the Characterization testing had several problems, significantly affecting in particular the performance of the AMR-WB interoperable mode (as reported in Q9 of ITU-T SG16 on several instances and detailed in the following section), these conclusions do not faithfully reflect the performance of G.718 interoperable mode. Rather, they are a consequence of bugs in G.718 code, which have been reported and corrected in ITU-T. The second phase of the Characterization test terminated in March 2009 already used the corrected G.718 version and the results are available. Conclusions should be drawn from the results of the second rather than the first phase of Characterization.
3 Corrections to G.718 after Phase I of Characterization testing
3.1 Missing initialization in the algebraic codebook search in the G.722.2 interoperable mode
As reported in the contribution C-477 of April 2008 ITU-T SG 16 meeting [3], it was noticed that in the AMR-WB interoperable mode of G.718 a bug was found in the fixed point code for the 36 bits fixed codebook search with a variable not properly initialized. This was resulting in sub optimal performance as a wrong initial value was passed to subsequent functions. After correction of this problem, a significant weighted signal to noise ratio improvement in the codebook search was observed for clean speech as well as noisy speech. The bug affected the perceptual quality of the synthesized speech and it was the reason why the AMR-WB interoperable mode performed somewhat lower than the default G.718 mode at R2 and R3, and AMR-WB at 12.65 kbit/s. 

After the bug correction, the performance of the AMR-WB interoperable mode is similar to the default mode performance and to the performance of AMR-WB at 12.65 kbit/s. Below are summarized the SNRw values before and after the bug fix for clean speech and speech corrupted with office noise, evaluated on the whole VMR-WB standardization sample database [3]:

Clean speech:

· Before bug correction (Ph 1 - Characterized version):
SNRw =  9.514 dB

· After the bug correction:
SNRw =  10.105 dB

Office noise:

· Before bug correction (Ph 1 - Characterized version):
SNRw =  6.357 dB

· After the bug correction:
SNRw =  6.647 dB

3.2 Bug in usage of the  Dual bass post filter
As reported in the contribution AC-0809 of September-October 2008 ITU-T WP3/SG16 Rapporteur meeting [4], the dual bass post filter was not used properly in the AMR-WB interoperable modes of G.718. For some of the AMR-WB interoperable modes (2-8) the dual bass post filter was used in mixed mode when there is no decoded transform layer. The correct operation for the dual bass post filter when there is no decoded transform layer is to only use the high quality path. The mixed mode should only be used if a transform layer is decoded. A small improvement is expected after correction of this problem – the pitch approximation in the dual bass post filter is corrected so that the correct (better) pitch approximation is used in the dual bass post filter also for the AMR-WB interoperable modes 2 through 8 of G.718.  

3.3 Bug correction in fixed-point implementation of the innovation gain interpolation in case of frame erasures
As reported in the contribution C-49 of January 2009 ITU-T SG 16 meeting [5], the problem is due to an overflow of a limited-precision fixed-point variable. It happens only in the AMR-WB interoperable mode during frame erasure concealment when the excitation gains are interpolated. Due to the insufficient precision of the fixed-point variable used to store the innovation gain, the random part of the excitation is zeroed instead of having its energy interpolated in the lost frame. In some cases the bug yields in a drop of the excitation energy, at some places clearly annoying.
4 Selected results from Characterization Phase II test results

This section provides selected test results of G.718 Characterization Phase II. To avoid reproducing the whole ITU-T Characterization Phase II results for G.718, we concentrate solely on WB clean speech performance for lower rates of G.718 codec (Exp 1b) [6]
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[7], as similar conditions were also considered in S4-090288. These results are summarized in Table 2 for relevant conditions for French language, and in Table 3 for all conditions for English language (as the table available from [7] was not editable). The Complete Phase II test results can be found in [6]
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[12].
	Test Condition
	FER 
	mean
	std

	Direct
	0%
	4.56
	0.57

	CuT(R1)
	0%
	4.31
	0.68

	CuT(R2)
	0%
	4.40
	0.66

	CuT(R1) 
	3% random
	3.92
	0.71

	CuT(R1) 
	6% random
	3.61
	0.81

	CuT(R1) 
	8% random
	3.31
	0.76

	CuT(R1) 
	3% bursty
	3.33
	0.92

	CuT(R1) 
	6% bursty
	2.93
	0.99

	CuT(R1) 
	8% bursty
	2.48
	0.81

	G.722.2@12.65 encoder->CuT-INT decoder
	0%
	4.31
	0.67

	CuT(R2-INT)encoder-> G.722.2decoder
	0%
	4.28
	0.70

	CuT(R2-INT)
	0%
	4.41
	0.65

	CuT(R2-INT)encoder-> G.722.2 decoder
	3% random
	2.95
	0.80

	G.722.2@12.65 encoder -> CuT-INT decoder
	3% random
	3.91
	0.78

	CuT(R2-INT)encoder-> G.722.2 decoder
	3% bursty
	2.80
	0.85

	G.722.2@12.65 encoder -> CuT-INT decoder
	3% bursty
	3.34
	0.94

	G.722.2@12.65 encoder -> CuT-INT decoder
	6% random
	3.54
	0.84

	G.722.2@12.65 encoder -> CuT-INT decoder
	6% bursty
	3.02
	1.04

	G.722.2@12.65kbit/s
	0%
	4.24
	0.71

	G.722.2@12.65kbit/s 
	3% random
	2.94
	0.78

	G.722.2@12.65kbit/s 
	3% bursty
	2.80
	0.75


 Table 2:  Exp 1b, G.718 Characterization Test Phase 2, WB Clean lower rates, ACR, French (France Telecom)
[image: image1.png]it All Talkers Male Talkers | Female Talkers
Label | Test Condition FER WOS [ Stdev | LCI | UCI | MOS [ Stdev | MOS | Stdev
01 |MNRU. Q=8B 0% 142 | 069 | 132 | 162 | 141 | 069 | 144 | 069
0z |MNRU.Q= 14 d5 0% 190 | 079 | i79 | 201 | 184 | 015 | 15 | 078
03 |MNRU.Q=20d5 0% 245 | 089 | 234 | 260 | 239 | o0s0 | 28 | oer
04 |MNRU.Q=26d5 0% 321 | o7 | 309 | 335 | 342 | oss | 330 | 086
05 |MNRU.Q=32d5 0% 386 | 06 | 374 | 39 | 364 | oss | 408 | 082
06 |MNRU. Q=365 0% 435 | 069 | 429 | 448 | 430 | o071 | 447 | 066
07 |MNRU. Q=44 d5 0% 450 | 05 | 440 | 485 | 442 | o1z | 457 | 056
08 |Direct 0% 467 | 06 | 488 | 475 | 462 | 06t | 472 | 052
09 |CurRY) 0% 438 | or0 | 428 | 447 | 426 | 069 | 447 | 010
ci0JcuiRe) 0% 440 | 012 | 430 | 480 | 425 | ore | 48 | 063
Tl |CuT(RY) selftandem 0% 45 | ot | 404 | 427 | 405 | 019 | 427 | o8t
T2 |CuT(Re) selftandem 0% 436 | or0 | 4% | 446 | 422 | 074 | 450 | 063
13 |CuT(R2) tandem with G 722 2@ 12 65kbis 0% 420 | 012 | 410 | 430 | 404 | 074 | 43 | 061
c14[6.722.2612.65KkbiUs _tandem vith CuT(RE) 0% 430 | 073 | at9 | 440 | 419 | or2 | 441 | 013
cf5JcurRY) 3% random 412 | ose | 400 | 421 | 403 | osd | 421 | 083
ct6JcuTRY) 6% random 383 | 080 | 370 | 39 | 374 | 089 | 382 | 091
7 JcuTRY) 8% random 367 | osr | 363 | 360 | 386 | to2 | 377 | oot
<18 JcuTRY) 3% burst 390 | osr | ae2 | 406 | 370 | 0% | 4fs | 07
<19 JcuRY) 6% burst 337 | i | aa1 | 382 | 329 | 115 | 344 | 106
20 JCuTRY) 8% bursh 280 | 11 | 268 | 300 | 289 | tf0 | 278 | it
2t JeuTRY) 3% random 40ms | 395 | 089 | 383 | 408 | 375 | 085 | 4%6 | 090
22 |6722.205 60 encoder>CuTINT decoder 0% 371 | 085 | 369 | 363 | 365 | os1 | 379 | 088
<23 |6722.298.85 encoder->CuTNT decoder 0% 43 | ors | 403 | 420 | 403 | orr | 424 | 01z
c2i[G722.20.12.65 encoder>CuT-NT decodsr 0% 43 | om0 | 42 | 442 | 417 | o7 | 447 | 06
<25 |CuT(R2-NT)encodsr-> G722 2dscoder 0% 443 | o | 433 | 48 | 43 | 09 | 451 | 067
26 |CuT(REINT) 0% 441 | om0 | 431 | 451 | 43 | 070 | 480 | 07
27 |CuT(R2-NT)encoder> 67222 decoder 3% random 33 | 05 | 320 | 348 | 325 | oss | 345 | 104
<28 |G722.2012.65 encoder > CuTANT decodsr 3% random 395 | 05 | 361 | 404 | 388 | o0 | 39 | 086
29 |CuT(R2-NTjencoder-> G722.2 decoder 3% burst 331 | 084 | afs | 345 | 314 | 089 | 349 | 09
<30 [6722.2@12.65 encoder -> CuT MNTdecodsr 3% burst 391 | 09 | 376 | 403 | 374 | oei | 407 | 08
c31[6.722.2@012.65 encoder > CuT INT decoder 6% random 379 | 0t | 366 | 38 | 371 | oer | 38 | o8t
<32 [6.722.2912.65 encoder > CuT -NT decodsr 6% burst 345 | 1oz | 333 | 362 | 33 | foo | 360 | i0a
33 [6.722.206.85 kbits 0% 407 | 084 | 39 | ats | 3% | ose | 4t | 08
34 [6.722.2@12 65kbiUs 0% 435 | 073 | 425 | 445 | 415 | o015 | 48 | 06
3% [6.722.208.85kbits 3% random 319 | 06 | 305 | 332 | 299 | o0sd | 338 | 08t
<36 [6.722.2008.85kbits 3% burst 318 | 0se | 304 | 331 | 302 | os3 | 333 | 10z
o3 [6.722.206.60Kbits 0% 357 | oss | 345 | 370 | 342 | os0 | 373 | 0sd
38 [6.725. 1@ 1Akbits 0% 419 | 075 | 408 | 420 | 412 | o015 | 4% | o
€39 [6.722.298 85Kbis self tandem 0% 360 | 080 | 347 | 373 | 339 | 09 | 361 | oer
c40 {6722, 2912 65KbiUs sef tandem 0% 48 | 077 | 407 | 425 | 395 | 080 | 443 | 066
it [6.722.2@1265kbiUs 3% random 326 | 105 | a4 | 343 | 342 | toi | 345 | 103
<12 |G 722 212 65Kbitls 3% bursh 337 | oo | 324 | 380 | 327 | 082 | 347 | 0%





Table 3:  Exp 1b, G.718 Characterization Test Phase 2, WB Clean lower rates, ACR, English (Dynastat/Qualcomm)

It is evident from the tables, and in particular from Table 2, that:

· While G.718 achieves numerically higher MOS scores at R1 (8 kb/s) than AMR-WB/G.722.2 at 12.65 kb/s, G.718 interoperable mode achieves numerically higher MOS scores than G.718 default mode at R1 (8 kb/s), for clean speech, clean channel. G.718 interoperable mode further achieves similar MOS scores as G.718 default mode at R2, for clean speech, clean channel. The results are consistent over both testing laboratories.

· G.718 interoperable mode achieves numerically higher MOS scores than AMR-WB/G.722.2 at 12.65 kb/s for clean speech, clean channel. The results are consistent over both testing laboratories.

· G.718 interoperable mode (decoder) achieves significantly higher MOS scores than AMR-WB/G.722.2 at 12.65 kb/s for clean speech, frame error conditions. The results are consistent over both testing laboratories.

These results are in sharp contrast with results shown in S4-090288, demonstrating the fact that the performance of the AMR-WB interoperable mode of G.718 has been significantly affected by the errors in the G.718 code evaluated in Phase I of the Characterization tests, and not by the poor performance of this mode per se.
The results of Table 2 and Table 3 further demonstrate that 
· A significant improvement can be achieved while maintaining the backward interoperability with AMR-WB, both in clean channel and in noisy channel.

· A significant improvement can be achieved also in the interconnection scenarios, namely in noisy channel conditions.

5  Conclusion

We have presented evidence that outdated information is presented in S4-090288 using G.718 Characterization Phase I test reports to draw conclusions on the performance of G.718 interoperable mode with AMR-WB at 12.65 kb/s. We have summarized all code corrections affecting directly the G.718 interoperable mode. The corrections have been elaborated in ITU-T contributions and were accessible to all companies participating in ITU-T WP3/SG16. All details can be found in [3]
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[5]. The up-to-date Characterization Phase II test results for clean speech WB experiments have been also presented. It can be seen that conclusions drawn in S4-090288 are in contradiction with these results. Further, the Phase II test shows that significant improvements can be achieved even under the interoperability constraint. We believe that it is of highest importance to use accurate and most up-to-date available data to have all necessary information for weighing the advantages and disadvantages of mandated backward interoperability of the EVS codec with AMR-WB/G.722.2.
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