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Introduction

For certain types of background noise conditions the AMR VAD1 will generate unnecessary high voice activity which may have a negative impact on capacity in 2.5 and 3G systems as well as in a future VoIP/VoIMS solution.

This document contains a study of the issue and a short description of the solution. It is shown that the issue is solved by means of a tuning of VAD1, requiring a minor code change. In the annex we provide a draft CR for information with the expectation that the CR may be approved during SA#39 after results of more extensive studies of the impact of the change will be available. This will also provide the possibility to carry out a similar study and potential fix to AMR VAD option 2.  

Background
Figure 1 shows voice activity figures obtained with configurations using AMR VAD options 1 and 2 and of a reference VAD system using the rate decision logic of IS-95 EVRC in a way were all 1/8 rate frames were considered inactivity frames while the frames assigned to the remaining rates were considered active. The configurations were operated with a conversational speech signal database that was mixed with various types of background noise. As can be seen the AMR VAD configurations consistently lead to higher or equal VAF figures than the reference system. While this effect can be explained in the more conservative and speech quality optimized design of the AMR VADs, we considered it a valid question if a more aggressive tuning of the AMR VADs might lead to lower VAF figures albeit keeping the quality level of the AMR VAD/DTX system. To this end, we carried out experiments, in which AMR VAD/DTX systems with various tunings of VAD1 were investigated. Study item was both possible reductions of the VAF and possible impact on the resulting speech quality. 
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Results

Voice Activity
Among a multitude of tunings of VAD1 we investigated two particular variants (VAD5 and VAD6) in detail. VAD6 comprises a moderate tuning, VAD5 a more aggressive tuning. First, we concentrated on an observed worst case with babble background noise and deactivated noise suppression, which depending on the background noise level turned out to lead to the highest VAF figures with the existing AMR VAD1 and the largest difference in comparison to the EVRC reference system. 
Figure 2 shows results for this worst case for different speech input levels and signal to noise ratios. It can be observed that both VAD5 and VAD6 lead to substantially lower VAF figures than obtained with original VAD1. The more aggressive tuning of VAD5 leads to about equivalent VAF figures as of the reference system.    

[image: image2]
Figure 2: Results for worst case (High Energy Variance Babble)
Figure 3 shows further results for the speech material and the background noise which was also used for the results of Figure 1, though this time no noise suppression is present in order to simulate more demanding cases. As can be seen, the tuned versions largely reduce the VAF figures for all cases which were problematic for VAD1. The same of lower VAF figures as of the EVRC reference system are obtained. 

[image: image3]
Figure 3: Voice activity for different background noise types
Clipping

A critical attribute of VAD systems is clipping. While the resulting VAF should be as low possible, clipping to an extent which would affect active speech such that speech quality is impaired has to be avoided. To this end an investigation was carried out assessing the clipping of the VAD systems under consideration. The results of this investigation are shown in Fig. 4a for babble noise and Figure 4b for car noise. As can be seen, as the tunings of VAD5 and VAD6 are more aggressive than that of original VAD1, the clipping rate is increased. The overall highest clipping rates are observed for the EVRC reference system. It is important to note that, depending on the background noise level, not all clipping affects the resulting speech quality. Speech parts which are in any case inaudible due to the noise may be clipped without quality loss. Though, generally the risk for quality impairments is increased with increased clipping.

[image: image4]
Figure 4a: Clipping rate for babble noise at various signal to background noise ratios 


[image: image5]
Figure 4b: Clipping rate for car noise at various signal to background noise ratios

Subjective Results

Subjective testing was done with Mushra expert listening tests (with 12 subjects) of critical material, consisting of speech at -26dBov in combination with different background noises, such as car, garage, babble, mall, and street (12 items of 16s length, all use a 10dB SNR). The test used AMR MR122 mode with VAD/DTX disabled as open and hidden references (REF_MR122). The conditions under test were encoded with AMR mode MR59 and with VAD/DTX operation enabled. In addition the test contained a CELP encoded 5dB MNRU anchor. The tested VAD configurations were the original VAD1 (MR59_VAD1), the more aggressively tuned VAD5 (MR59_VAD5) and the EVRC-based VAD system (MR59_EVAD). 
The results of this test are shown in Fig. 5. Generally due to VAD/DTX operation and the used lower AMR mode a slight quality loss compared to the reference is observed for all VAD/DTX configurations. Though, comparing among the different VAD configurations only minor, statistically insignificant differences are found.    
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Figure 5: Subjective “MUSHRA” results comparing different VAD configurations 
How the tuning is done
The following describes the way AMR VAD option 1 can be tuned in order to generate lower VAFs in the described problematic cases. An analysis of these cases reveals that the subband analysis and SNR calculation, averaging and subsequent thresholding is too sensitive for certain types of spectrally non-flat background noise. Such kind of noise may lead to moderate subband SNR values, which, however, after averaging can contribute to a sufficiently large SNR such that VAD1 generates a “false” voice activity decision. Such “false” voice activity decisions have to be avoided as they may even cause propagating errors since they prevent the proper update of estimated background noise level. 
The tuning of VAD1 is done by requiring that each subband SNR value is above a significance threshold in order to be used in the SNR averaging. Otherwise, merely a constant value representing a subband SNR-floor is used for the averaging. Tuning parameter is the significance threshold which allows scaling the VAD from the more conservative tuning of original VAD1 via the less aggressive VAD6 to the more aggressive VAD5.
The details of the change can be seen in the Annex containing the suggested CR to 26.073.
Conclusion
Based on our investigations it is believed that the observed too high VAF figures obtained with the existing AMR VADs is caused by a too conservative tuning. Our investigation with a proposed more aggressive tuning of VAD option 1 shows that the observed too high VAF figures can be substantially reduced without leading to quality impairments. We anticipate that more comprehensive results will be available at SA4#39 showing that the proposed change will in no cases lead to any significant quality degradation compared to the original VAD option 1.

It is hence furthermore expected that the proposed tuning of VAD option 1 will be acceptable as a CR to 26.094 and corresponding CRs to 26.073/26.104. We believe that a corresponding tuning of AMR VAD option 2 will be feasible. We thus anticipate analogue change proposals to VAD option 2 as well. 
Annex: Suggested CR

This Annex shows the suggested CR to 26.073. A corresponding CR will be proposed to 26.104 and to 26.094.
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