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***** CHANGE 1 *****
5.3.2.4
Thresholds and Criteria

From the MOS-LQO differences of the test condition reported in clause 5.3.2.3, the average, 95%, 99% and Maximum are computed for all bandwidths combined, as well as for each set of bandwidth condition. The number of test condition for each bandwidth and the total are summarized in Table 5.

Table 5: Number of test conditions per bandwidth

	Bandwidth
	NB
	WB
	WBIO
	SWB
	FB
	All

	Number
	136
	236
	216
	192
	161
	941


For a possible conformance criteria, it is proposed to have thresholds on the Average, 95%,  99% and Maximum of the MOS-LQO differences for the three scenarios (A-B, A-C and A-D). Thresholds are defined for all conditions combined, as well as for each set of bandwidth conditions. Table 6 summarizes the various thresholds.

An implementation will be considered passing the MOS-LQO verification if all the average, 95 percentile, 99 percentile and maximum MOS-LQO differences are below the thresholds proposed in Table 6 for all conditions.

Table 6: Possible thresholds for MOS_LQO difference

	All
	Average
	95%
	99%
	Max

	A-B
	0.002
	0.04
	0.07
	0.12

	A-C
	0.002
	0.02
	0.04
	0.06

	A-D
	0.002
	0.04
	0.08
	0.17

	NB
	Average
	95%
	99%
	Max

	A-B
	0.009
	0.07
	0.08
	0.11

	A-C
	0.002
	0.02
	0.04
	0.06

	A-D
	0.011
	0.07
	0.09
	0.12

	WB
	Average
	95%
	99%
	Max

	A-B
	0.002
	0.04
	0.07
	0.08

	A-C
	0.002
	0.02
	0.04
	0.06

	A-D
	0.002
	0.04
	0.07
	0.17

	WBIO
	Average
	95%
	99%
	Max

	A-B
	0.002
	0.02
	0.06
	0.08

	A-C
	0.002
	0.02
	0.03
	0.07

	A-D
	0.002
	0.02
	0.03
	0.08

	SWB
	Average
	95%
	99%
	Max

	A-B
	0.002
	0.04
	0.06
	0.12

	A-C
	0.003
	0.03
	0.04
	0.04

	A-D
	0.002
	0.04
	0.07
	0.08

	FB
	Average
	95%
	99%
	Max

	A-B
	0.006
	0.04
	0.07
	0.08

	A-C
	0.005
	0.04
	0.05
	0.06

	A-D
	0.005
	0.04
	0.06
	0.08


These proposed thresholds have been obtained by using the good implementations tested in Clause 6:

-
EVS C80 Reference code

-
EVS C90 Reference code
EVS CA0 Reference code
-
EVS C80 code compiled for Atom 32 bits platform using icc without optimization 

-
EVS C80 code compiled for Atom 32 bits platform using icc with normal optimization level 

-
EVS C90 code compiled for Mac_OS 64bits using clang with -o2 optimization

-
EVS C90 code compiled for Xeon 64 bits platform using gcc with -o2 optimization 

For each case the maximum score difference among the six implementations, rounded to higher digit, was used. For average the threshold is rounded to the 3rd next digit (e.g. 0.0082 -> 0.009), and for the other metrics the threshold is rounded to the 2nd next digit (e.g. 0.036 -> 0.04). The statistics for each of the 7 implementations are presented in Table 7.

Table 7: Statistics of MOS-LQO difference

	All
	A-B
	A-C
	A-D

	A-B
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max

	3GPP C80 
	0.001
	0.034
	0.061
	0.108
	0.001
	0.020
	0.035
	0.061
	0.001
	0.036
	0.059
	0.114

	3GPP C90
	0.001
	0.036
	0.061
	0.082
	0.001
	0.020
	0.036
	0.063
	0.001
	0.037
	0.064
	0.083

	3GPP CA0
	0.001
	0.038
	0.061
	0.082
	0.001
	0.019
	0.036
	0.059
	0.001
	0.037
	0.064
	0.083

	Opt_None
	0.001
	0.034
	0.059
	0.120
	0.001
	0.020
	0.035
	0.061
	0.000
	0.034
	0.057
	0.081

	Opt_Quality
	0.001
	0.036
	0.064
	0.109
	0.001
	0.018
	0.035
	0.056
	0.001
	0.034
	0.075
	0.162

	Xeon gcc_o2
	0.000
	0.036
	0.062
	0.081
	0.001
	0.019
	0.036
	0.063
	0.001
	0.037
	0.064
	0.083

	Mac_OS_o2
	0.001
	0.036
	0.062
	0.082
	0.001
	0.019
	0.036
	0.063
	0.001
	0.038
	0.065
	0.083

	NB
	A-B
	A-C
	A-D

	A-B
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max

	3GPP C80 
	0.007
	0.051
	0.072
	0.108
	0.002
	0.020
	0.033
	0.046
	0.010
	0.057
	0.075
	0.114

	3GPP C90
	0.008
	0.054
	0.074
	0.082
	0.001
	0.014
	0.033
	0.055
	0.011
	0.061
	0.074
	0.080

	3GPP CA0
	0.008
	0.055
	0.074
	0.082
	0.001
	0.014
	0.033
	0.055
	0.011
	0.061
	0.074
	0.080

	Opt_None
	0.006
	0.050
	0.060
	0.075
	0.002
	0.020
	0.034
	0.038
	0.007
	0.053
	0.068
	0.081

	Opt_Quality
	0.008
	0.062
	0.079
	0.109
	0.001
	0.013
	0.033
	0.048
	0.011
	0.065
	0.081
	0.103

	Xeon gcc_o2
	0.008
	0.054
	0.073
	0.081
	0.001
	0.013
	0.033
	0.055
	0.010
	0.061
	0.075
	0.079

	Mac_OS_o2
	0.008
	0.054
	0.078
	0.082
	0.001
	0.013
	0.038
	0.055
	0.011
	0.061
	0.079
	0.080

	WB
	A-B
	A-C
	A-D

	A-B
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max

	3GPP C80 
	-0.001
	0.038
	0.062
	0.071
	-0.001
	0.014
	0.031
	0.055
	0.001
	0.039
	0.054
	0.059

	3GPP C90
	-0.003
	0.030
	0.053
	0.061
	0.000
	0.017
	0.033
	0.056
	-0.001
	0.035
	0.059
	0.083

	3GPP CA0
	-0.002
	0.032
	0.053
	0.061
	-0.001
	0.017
	0.032
	0.058
	-0.001
	0.035
	0.059
	0.083

	Opt_None
	-0.001
	0.031
	0.053
	0.064
	-0.001
	0.014
	0.031
	0.059
	0.000
	0.037
	0.057
	0.064

	Opt_Quality
	0.000
	0.032
	0.047
	0.071
	-0.001
	0.016
	0.033
	0.056
	-0.002
	0.028
	0.057
	0.162

	Xeon gcc_o2
	-0.003
	0.031
	0.054
	0.065
	0.000
	0.018
	0.034
	0.055
	-0.001
	0.033
	0.059
	0.083

	Mac_OS_o2
	-0.003
	0.029
	0.055
	0.059
	0.000
	0.016
	0.036
	0.056
	-0.001
	0.035
	0.062
	0.083

	WBIO
	A-B
	A-C
	A-D

	A-B
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max

	3GPP C80 
	-0.004
	0.014
	0.043
	0.061
	0.000
	0.009
	0.020
	0.061
	-0.004
	0.006
	0.023
	0.044

	3GPP C90
	-0.002
	0.016
	0.038
	0.063
	0.000
	0.011
	0.024
	0.063
	-0.002
	0.010
	0.023
	0.038

	3GPP CA0
	-0.002
	0.015
	0.038
	0.055
	0.000
	0.009
	0.021
	0.055
	-0.002
	0.01
	0.023
	0.038

	Opt_None
	-0.003
	0.017
	0.048
	0.063
	0.000
	0.011
	0.022
	0.061
	-0.003
	0.008
	0.023
	0.063

	Opt_Quality
	-0.003
	0.013
	0.052
	0.075
	0.000
	0.010
	0.017
	0.052
	-0.002
	0.010
	0.021
	0.075

	Xeon gcc_o2
	-0.002
	0.015
	0.038
	0.063
	0.000
	0.011
	0.025
	0.063
	-0.002
	0.010
	0.023
	0.038

	Mac_OS_o2
	-0.002
	0.015
	0.038
	0.063
	0.000
	0.010
	0.026
	0.063
	-0.002
	0.010
	0.023
	0.038

	SWB
	A-B
	A-C
	A-D

	A-B
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max

	3GPP C80 
	0.000
	0.027
	0.050
	0.080
	0.002
	0.023
	0.034
	0.036
	-0.002
	0.022
	0.046
	0.076

	3GPP C90
	-0.001
	0.035
	0.048
	0.071
	0.002
	0.022
	0.031
	0.037
	-0.003
	0.034
	0.060
	0.076

	3GPP CA0
	-0.002
	0.039
	0.047
	0.072
	0.002
	0.022
	0.031
	0.037
	-0.003
	0.034
	0.060
	0.076

	Opt_None
	0.000
	0.029
	0.059
	0.120
	0.002
	0.023
	0.034
	0.037
	-0.002
	0.032
	0.062
	0.062

	Opt_Quality
	0.000
	0.032
	0.047
	0.084
	0.002
	0.021
	0.032
	0.037
	0.000
	0.025
	0.047
	0.075

	Xeon gcc_o2
	-0.002
	0.036
	0.048
	0.071
	0.002
	0.022
	0.030
	0.036
	-0.003
	0.034
	0.060
	0.076

	Mac_OS_o2
	-0.001
	0.034
	0.046
	0.071
	0.002
	0.022
	0.030
	0.037
	-0.003
	0.033
	0.059
	0.076


	FB
	A-B
	A-C
	A-D

	A-B
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max

	3GPP C80 
	0.005
	0.034
	0.057
	0.060
	0.003
	0.030
	0.038
	0.041
	0.004
	0.029
	0.053
	0.066

	3GPP C90
	0.005
	0.036
	0.060
	0.072
	0.004
	0.029
	0.038
	0.040
	0.004
	0.035
	0.060
	0.062

	3GPP CA0
	0.006
	0.04
	0.064
	0.07
	0.004
	0.032
	0.046
	0.052
	0.004
	0.032
	0.059
	0.061

	Opt_None
	0.003
	0.032
	0.053
	0.061
	0.004
	0.031
	0.038
	0.041
	0.002
	0.022
	0.045
	0.070

	Opt_Quality
	0.004
	0.036
	0.065
	0.077
	0.004
	0.029
	0.043
	0.056
	0.004
	0.030
	0.052
	0.075

	Xeon gcc_o2
	0.005
	0.035
	0.060
	0.072
	0.004
	0.029
	0.038
	0.042
	0.004
	0.035
	0.060
	0.062

	Mac_OS_o2
	0.005
	0.036
	0.057
	0.072
	0.004
	0.029
	0.036
	0.040
	0.004
	0.035
	0.059
	0.062


***** CHANGE 2 *****
8.2
Interoperability Testing

Clauses 5.2 and 5.3 describe signal-based methods and perceptual-based methods for a conformance procedure for evaluating various EVS floating-point implementations. 

In Clause 5.2, the decoder implementation on any given compiler is tested against the test vectors from 26.444 (corresponding to e.g., floating point 32-bit MSVC implementation).  The decoder conformance procedure is depicted as in Figure 27.

In Clause 5.3, the encoder-decoder chain is proposed to be evaluated based on a delta MOS-LQO measure using the POLQA tool. The encoder-decoder conformance procedure is depicted in Figure 28.
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Figure 27: Decoder conformance, where each of the decoder implementations on different compilers (e.g., N different compilers) verified based on the test vectors from TS 26.444
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Figure 28: Encoder-decoder conformance, where each of the encoder/decoder implementations on different compilers (e.g., shown here for 2 compilers) verified against the Fixed (FX) implementation

The conformance procedure shown in Figure 27 evaluates only Float (FL) decoder implementations. The procedure is similar to what is typically followed in MPEG standards for evaluating decoder conformance, that serves streaming or playback type of applications (or decoder-only FL implementations in conversational applications).

For end-to-end conversational application, the conformance procedure shown in Figure 28 evaluates Encoder/Decoder chain for the three combinations, i.e., 1) FL_Enc <-> FL_Dec, 2) FX_Enc <-> FL_Dec, and 3) FL_Enc <-> FX_dec against FX_Enc <-> FX_Dec. 

By combining both conformance procedures (figure 27 & 28), the CUT float implementation is evaluated against both the FX reference implementation and the FL reference implementation, minimizing potential interoperability issues. Furthermore, using both methods the coverage of test vectors is significantly increased, providing more confidence to the float conformance even if bit-exactness criteria are not used. 

The conformance test of an implementation (fixed or float) should be done against the reference code and not against another custom implementation. If two implementations are conformant then they should not have interoperability issues.

To show this point, the MOS-LQO verification describes in 5.3.2 of TR 26.843 have been run using two implementations considered conformant in Clause 6:

· The Atom 32 bits encoder with no compilation flag and based on C80 code

· The Xeon 64bits decoder using gcc -02 optimization and based on c90 code 

The two codes represent some corner cases in the list of implementations currently tested.

The 3GPP C90 fixed point code was used for reference. Table 25 shows the results of the A-B use case, as well as the thresholds currently proposed in the TR.

	Enc_Atom - Dec_Xeon - RefCA0
	
	Threshold

	Average
	95%
	0.99%
	Max
	
	Average
	95%
	99%
	Max

	0.0010
	0.0357
	0.0569
	0.1159
	All
	0.002
	0.04
	0.07
	0.12

	0.0058
	0.0488
	0.0611
	0.0824
	NB
	0.009
	0.07
	0.08
	0.11

	-0.0002
	0.0301
	0.0518
	0.0587
	WB
	0.002
	0.04
	0.07
	0.08

	-0.0030
	0.0154
	0.0488
	0.0626
	WBIO
	0.002
	0.02
	0.06
	0.08

	0.0009
	0.0325
	0.0565
	0.1159
	SWB
	0.002
	0.04
	0.06
	0.12

	0.0043
	0.0340
	0.0520
	0.0598
	FB
	0.006
	0.04
	0.07
	0.08


Table25: Results for an interoperability test using MOS-LQO verification

It can be see that all the MOS-LQO differences for all the bandwidths are below the proposed thresholds in Clause 5.3.2.4, Table 6, indicating that the combination of two potentially conformant implementations is still compliant.
An interoperability issue could arise when a bit-stream from FL compiler #1 implementation is decoded by compiler #2 implementation and there is a strong artefact observed at the UE #2, is it the issue with FL Encoder at compiler #1 or the issue with FL Decoder at compiler #2? 

It should be noted that this scenario is not limited to FL compiler implementations but could also arise with fixed-point implementation, as such issue will happened with samples that are not part of the set of test vectors. In case of an artefact occurring, both implementations should be tested against the reference code (Fixed or Float) for the particular test sequence exhibiting the scenario. If the bit-stream from implementation #1 decoded using the 3GPP reference code yield no artefact, the problem is with the implementation #2. However if the decoded output of the 3GPP reference code has the same artefact, the problem is with implementation #1. Similarly if the decoded wave file obtained using 3GPP reference code and implementation #2 decoder yield artefact, the problem is with implementation #2. 

The main difference from debugging perspective between floating-point and fixed-point implementations is that for the former bit-stream cannot be checked for bit exactness and thus require to assess the decoded output.     

- 1/6 -

