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1.
Introduction

This document discusses a bug in the RX-DTX handler of the AMR decoder. It is shown how the proposed correction of the bug improves the comfort noise performance in frame error conditions, whenever the RX_NO_DATA frame type is used to signal frame erasures. 

2. How the RX_NO_DATA frame type should work

The RX_NO_DATA frame type is to be declared by the receiver whenever no usable data has been received for the incoming frame. (Please note that when possibly usable data has been received, the frame type RX_SPEECH_BAD should be used, since possibly correct innovation parameters then are utilized by the Decoder Error Concealment Unit for improved performance in erased frames.) 

Typically RX_NO_DATA frames are used to mark the unusable frames subsequent to SID frames and at startup to provide speech output even when there is no decoder input available. However the RX_NO_DATA frame type should also be used when the receiver knows that the current frame does not contain any speech data. This applies to cover for a signaling frame or to cover for a receiver buffer under-run situation. Given the RX_NO_DATA frame type the speech decoder will then provide a random innovation signal for Error Concealment purposes or continue with Comfort Noise generation. 

3. Description of the bug

Due to the backward adaptive nature of the SID quantization states the AMR decoder contains an estimate of the encoder SID quantization state. In the initial comfort noise period after a longer speech burst, the decoder synthesizes comfort noise using the previously encoded speech frames. This backward adaptive synthesis period relies on the fact that the encoder has provided a Comfort Noise analysis hangover period (as specified in 26.093). In the decoder the sequence of received frame types is analyzed to find out if this Comfort Noise analysis hangover period has been added or not. In the presence of frame erasures the decoder estimation of the presence of a CN analysis hangover period has to make assumptions for erased speech frames.   

The current example solution of the decoder RX-DTX handler handles erasures signaled as RX_SPEECH_BAD frames properly but erasures signaled as RX_NO_DATA frames are handled sub-optimally. The non-optimal handling may result in speech frames being mistaken as hangover period noise frames and thus resulting in a short burst of unnaturally high comfort noise. 

It can be concluded that the bug becomes noticeable whenever there are medium to high frame error rates, causing the decoder estimate of the encoder SID quantization states to diverge from the actual encoder SID quantization state.

4. Tests

A simulated IP-channel with 10 % frame erasures was used to demonstrate the bug. In the simulation all erased frames are considered as completely lost frames or as buffer under-run frames and thus signaled as RX_NO_DATA frames to the decoder.
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Figure 1: Signal Energy Envelopes

In Figure 1 the top plot is the encoder input energy envelope, the middle plot is the 10 % FER simulation decoder output energy envelope with the bug, the bottom plot is the 10 % FER simulation decoder output energy after bug correction.  In the middle plot the critical frames where the SID quantization states are out of synchronization are marked with 'x'.

In Table 1 below the input and the two simulations (before bug-fix/after bug-fix) are provided as "wav" files for informal listening purposes.      

Input.wav
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Before.wav 
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After.wav
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Table 1 Sample Sound files
Informal listening of the output signals confirms the findings. In the signal generated with the AMR decoder before the bug fix, the erroneous SID-quantization state estimation is clearly audible and annoying in some of the CN periods. In the signal generated after the bug fix, only frame erasure artifacts remain audible. 

4.
Conclusion

The described bug in the RX-DTX handler SID quantization states leads to clear degradation of the CN performance for certain kinds of frame erasure simulations. The bug becomes noticeable whenever there are significant number of RX_NO_DATA frames used to signal unusable speech frames. Since there are no formal test vectors simulating frame erasures, the AMR test vector set (26.074) does not need to be updated.  It is recommended to fix the bug.
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