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1. Scope of document

This document discusses the scope of the Noise Suppression for AMR (AMR/NS) standard, as well as minimum performance requirements to be established for the respective solutions. In the rest of this document, the acronym AMR/NS is used interchangeably to refer to the AMR/NS standard as well as a combined solution of a noise suppression (NS) algorithm and the AMR narrowband (NB) speech codec that shall fulfill the requirements to be set on such a solution. On the other hand, the acronym AMR is used to refer to the AMR NB speech codec without noise suppression.

2. Scope of AMR/NS specification

The requirements discussed in this document are proposed on the basis of the assumption that no example solution is going to be specified for the AMR/NS standard but, rather, minimum performance requirements shall be defined for NS solutions to be used in conjunction with the AMR NB speech codec. This is also the approach proposed by Nokia to be used in the AMR/NS standardisation. This approach is found the most natural and beneficial way forward on the basis of the following aspects:

· The results of the AMR/NS selection tests carried out during the fall of 1999 were found inconclusive in SMG11

· On the basis of the discussion conducted in SMG11#13, there seems to be no single test method that would be optimal and sufficient in itself to comprehensively rank NS solutions

· It should be guaranteed that an AMR/NS solution achieves at least the quality performance of the AMR alone in all conditions

· To justify the usage of an AMR/NS solution instead of AMR, a performance advantage should be required in a number of relevant conditions

Sufficient guidelines, in the form of design constraints and performance requirements, should be provided for the designers of NS modules to be used in conjunction with the AMR NB speech codec for them to be able to produce acceptable solutions.

In the following, we review the performance requirements set forth in [1] and the design constraints developed into [2] in the course of the AMR/NS work in SMG11 during 1998 and 1999. According to the approach agreed in SMG11#13, changes are proposed where seen appropriate but otherwise the original requirements and design constraints are proposed to hold. Test methods are also discussed in conjunction with each requirement.

3. Requirements to be assessed by objective means

In this section, objectively assessable requirements that are seen of importance for an AMR/NS solution are listed. These requirements include design constraints, delay restrictions as well as target performance in terms of objective quality measures. The proposal is mainly a modification of the directions set out in the corresponding constraints and requirements developed for the AMR/NS selection phase in [1] and [2].

3.1 Design constraints

This section deals with constraints that should be set on the structure and the functionality of the AMR/NS solution. The proposed constraints, as presented in Table 1, are in the spirit of the constraints defined in [2], though slight modifications are included.

Table 1  Structural and functional design constraints for AMR/NS.

Design dimension
Constraint

Effect on the bit-exactness of the AMR speech encoder
The Noise Suppression algorithm may be implemented as an embedded module within the AMR speech encoder after the pre-processing module (sample down-scaling and high pass filtering) and operate on the pre-processed input speech buffer, denoted by “old_speech[L_TOTAL]” in the structure “cod_amrState” in the AMR C code [GSM 06.73: ANSI-C code for the GSM Adaptive Multi-Rate (AMR) speech codec].

The noise suppression algorithm is not allowed to modify any existing functions, tables, or internal variables of the AMR speech encoder except for the aforementioned speech buffer.

Note 1

Use of AMR speech encoder functions
The NS function shall have access in all AMR speech encoder variables and functions in the sense that it can use any variable or the output of any function of the speech encoder. This use of the AMR speech encoder variables and function shall only be allowed on the condition that the speech encoder bit-exactness is preserved

Effect on the bit-exactness of the AMR speech decoder
The AMR speech decoder shall remain unaltered by the NS function.

Note 1: 
When preparing only minimum performance specification, we should have rather general requirements for AMR-NS without referring anymore to any specific example solution or to the way how NS is implemented into the codecs. Therefore, it may be worth formulating this requirement straightforwardly as:  "The NS function shall not have any effect on the bit-exactness of the AMR speech encoder functions or variables".  This would mean that embedded solutions are not allowed. 
3.2 Delay restrictions

This section proposes delay restrictions for an AMR/NS solution. The proposed restrictions in Table 2. have been slightly modified from the requirements set forth in [1] based on an analysis of the reported delay and complexity figures of the AMR/NS selection phase candidates.

Table 2  Delay requirements for AMR/NS solutions.

Delay dimension/assessment method
Restriction

Fulfill both of
Option 1: Algorithmic delay
Less than or equal to 5 ms


Option 2: Total delay as a combination of processing delay and algorithmic delay
Less than or equal to 10 ms


Assessment:

one of
Option 1:

delay(proc) + delay(algor),
where

delay(proc) = WMOPS(20/(E(S(P)

WMOPS = complexity in weighted operations per second evaluated through the theoretical worst case

E(S(P = 50




Option 2:

Measurement of total delay


3.3 Effect on the Voice Activity Factor (VAF)

In this section, requirements are proposed on performance characteristics of an AMR/NS solution that can be measured by objective means. Following the directions set forth in the requirements for the AMR/NS selection phase and listed in [1], as well as the discussion conducted during the analysis of the AMR/NS selection phase results, the only proposed requirement concerns the impact on the channel activity in connection with DTX. This requirement has been slightly modified from the respective requirment in [1] and is presented in Table 3.

Table 3  Requirement on the impact on channel activity through the voice activity factor (VAF).

Measurement of impact on channel activity
Requirement

The AMR/NS solution shall not significantly increase channel activity when used in conjunction with DTX. 

Assessment.  Channel activity increase will be measured thanks to the Voice Activity factor (VAF), defined as follows. 

Let x be the VAF measured by the AMR VAD as an averaged value on all clean speech signals

Let y be the VAF measured by the AMR VAD without AMR NS active as an averaged value on all clean speech + noise signals (where the applicable clean speech signal is the speech signal used in the measure of x).

Let w be the VAF measured by the AMR VAD with AMR/NS active as an averaged value on all clean speech +noise signals (where the applicable clean speech signal is the speech signal used in the measure of x).

x, y, and w shall be evaluated in a defined representative set of material comprising the following background noise types and SNR conditions:

· stationary car noise at SNR conditions of 6 dB and 15 dB

· street noise at SNR conditions of 9 dB and 18 dB

· babble noise at SNR conditions of 9 dB and 18 dB

· office noise at SNR conditions of 15 dB and 24 dB
w smaller than or equal to  the maximum of 1.01(y and 1.01(x.

4. Requirements to be assessed by subjective tests

In this section, we discuss the subjective quality related requirements that should be set on an AMR/NS solution. These requirements comprise two aspects:

· The AMR/NS solution shall not degrade the speech quality compared to AMR

The AMR/NS solution shall bring a quality advantage compared to AMR

Furthermore, it is noted that the requirement concerning speech quality shall apply to both clean speech and speech in a noisy background.

The proposed requirements are basically the same as those presented in [1]. The proposed test methods have been amended to include some alternative test types for assessing the fulfillment of the requirements. Furthermore, some test conditions have been modified as compared to the subjective tests conducted for the AMR/NS selection phase in order to incorporate a wider range of SNR conditions in the analysis. The proposed requirements and the related test methods are presented in Table 4.

We note that a subset of the subjective tests (experiments 2‑5) defined in [3] can be used for conducting the proposed tests in Table 4 with some modifications. The particular experiments in [3] from which appropriate experiments could be developed for assessing the proposed requirements are listed for each requirement in Table 4.

Table 4  Subjective quality related performance requirements.

Subjective quality requirement
Test methodology (options) 

and related experiment in [3]
Requirement

No degradation of clean speech
Option 1: Paired comparison test (PCT)

Experiment 2
AMR/NS preferred or equal to AMR within 95 % confidence interval.


Option 2 (new): Absolute category rating (ACR) 

Experiment 3
AMR/NS better than or equal to AMR within 95 % confidence interval.

No degradation of speech and no undesirable effects on residual noise in conditions with background noise (residual noise = background noise after AMR/NS)
Absolute category rating (ACR) with special instructions stressing attention to subjectively objectionable effects in speech and background noise.

To be tested over a set of conditions representative of background noise conditions including at least (figures refer to SNR conditions)::

1. stationary car noise at 6 dB

2. stationary car noise at15 dB (modified)
3. street noise at 9 dB
4. street noise at 18 dB (modified)
5. babble noise at 9 dB
6. babble noise at 18 dB (modified) 
AMR/NS better than or equal to AMR within 95 % confidence interval in all conditions.

Improvement over AMR
Option 1 (new): Absolute category rating (ACR).

Experiment 3
AMR/NS preferred to AMR within 95 % confidence interval in at least 4 of the conditions 1‑6 listed in the previous column. Preference or equality within 95 % confidence interval is required in the rest of the conditions.


Option 2: Comparison category rating (CCR).

Experiments 4‑5



(Any option:) To be tested over a set of conditions representative of background noise conditions including at least (figures refer to SNR conditions)::

7. stationary car noise at 6 dB

8. stationary car noise at15 dB (modified)
9. street noise at 9 dB
10. street noise at 18 dB (modified)
11. babble noise at 9 dB
12. babble noise at 18 dB (modified)


5. Objective quality performance TARGETs

In this section, we propose new target performance measures in terms of objective quality measures. It is proposed that the objective measures of noise power level reduction (NPLR) and signal-to-noise ratio improvement (SNRI) defined in [4] be used to characterise the performance of the AMR/NS solution. We want to emphasise that the performance objectives set in [4] are not requirements but rather performance goals that are seen reasonable to justify the usage of a NS module in conjunction with the AMR NB speech codec to comprise an AMR/NS solution. The performance goals and the test conditions have been defined on the basis of an analysis of the reported performance of the AMR/NS selection phase candidates.

Table 5  Objective performance quality objectives for AMR/NS.

Objective quality measure/test condition
Performance objective

NPLR

Assessment:  To be evaluated in a predefined set of material comprising speech mixed with stationary car noise in the SNR conditons of 6 dB and 12 dB, following otherwise the guidelines set forth in [4].
–7 dB or less (more negative)

SNRI

Assessment:  To be evaluated in a predefined set of material comprising speech mixed with stationary car noise in the SNR conditons of 6 dB and 12 dB, following otherwise the guidelines set forth in [4].
6 dB or more

6. Conclusion

The scope of the AMR/NS standard was addressed, proposing that the specification be restricted to a set of requirements that a solution shall fulfill. Consequently, design constraints and minimum performance requirements were proposed for an AMR/NS solution, basing largely on the design constraints and speech quality requirements agreed for the AMR/NS candidates in the selection phase.
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