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1 Introduction
In S4-060418 [1], objective metrics (i) jitter_loss_rate and (ii) speech_decoder_erasure_rate, were proposed to set a requirement on the performance requirement of “Jitter induced concealment operations”. In this contribution a procedure to combine the above metrics and use a single value as the performance metric for “Jitter induced concealment operations” is outlined.
2 Losses versus erasures
It was shown in S4-060418 that frame losses and speech decoder erasures do not have a one to one mapping. The are several reasons for this lack of one to one mapping. Some examples are shown in Figures 1-3, in which it is illustrated that (i) multiple consecutive speech frame losses could result in a single erasure being fed to speech decoder, (ii) a single speech frame arriving very late to the jitter buffer could result in the jitter buffer feeding multiple erasures to the speech decoder, and (iii) a late arriving  speech frame at the beginning of a talk-spurt may not cause any erasure, if it arrives much later than the second speech frame. 

Due to the above reasons it is important that both lost speech frames and speech decoder erasures should be counted in order to ensure the performance of the jitter buffer is adequately characterized. 
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Figure 1: Effect of losses on speech erasures. Two frames are lost, however, the speech decoder is only fed one erasure. 
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Figure 2: : Effect of losses on speech erasures. Only one frame is lost, however, the speech decoder is fed two erasures.
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Figure 3: Effect of speech frame loss at beginning of talk-spurt. The late arriving speech frame is discarded, but the speech decoder is not fed any erasures. Instead the previous silence period is extended.
3 Single metric for jitter induced concealment operations
3.1 Advantage of smaller set of performance requirements
Having a small set of performance requirement metrics is always preferable to having a large set of performance requirements. This will result in less ambiguity in determining the performance of a JBM algorithm. For e.g., if there are N metrics and a particular JBM algorithm far exceeds the performance requirements for N-1 of the metrics but does not meet the performance requirement for the last metric, it is not clear if that implies that this specific JBM algorithm is of inferior/flawed design. Furthermore, this dis-ambiguity might make it necessary to specify the importance of each of the performance requirements which can be an extremely challenging task. In order to address this need for a small set of performance requirements, in the next section a procedure to determine a single value as the performance metric for “Jitter induced concealment operations” is outlined.
3.2 Metrics for jitter induced concealment operations
As mentioned in Section 2, speech frame loss and speech decoder erasures influence the jitter induced concealment operations. However, it is not sufficient to count only one of these to get the effect on speech quality. For example, if we were to count only the late losses then a bad JBM algorithm implementation can introduce excessive speech decoder erasures while always building a large buffer depth in order to minimize the number of late losses and thus achieve the specified performance metric while in reality having adverse effect on the speech quality. On the other hand if we were to only count speech decoder erasures then we might have a situation that a JBM algorithm which plays out more speech frames (e.g. 970) at the cost of more erasures (e.g. 30) will be classified as worse than a JBM algorithm which plays out less speech frames (e.g., 900) and minimize the number of erasures (e.g., 20).
3.3  Combining losses and erasures into a single metric for jitter induced concealment operations
The speech frame losses are only counted over all the non-SID frames, i.e., the SID frame losses are not taken into account. Hence, in all the definitions below the values are only counted over the non-SID frames.

The total number of speech frame losses is defined as the sum of jitter_buffer_losses and over the air losses, i.e.,

Speech_frame_losses = jitter_buffer_losses + over_air_losses

where,

jitter_buffer_losses and over_air_losses are defined as

jitter_buffer_losses = late losses + buffer overflow losses

and


over_air_losses = number of speech frames lost over the channel
The total number of speech decoder erasures is defined as


Speech_decoder_erasures = total number of erasures fed to the speech decoder by the jitter buffer

In order to combine the speech_frame_losses (L) and speech_decoder_erasures (E) metrics we can observe the following 

1. The typical event will be that an loss will cause an erasure, i.e., L=E.
2. A speech frame arrives too late. It will be counted as a late loss, however this single loss can cause multiple erasures (see Figure 2). In this case L<E.

3. A speech frame arrives late. It will be counted as a late loss but causes no erasures, e.g., the first speech frame of a talk spurt is lost (see Figure 3). In this case L>E.

Note that the above three relations between L and E is exhaustive, i.e., it covers all possible cases. In order to combine L and E into a single combined metric, jitter_induced_degradation_count (D) the following procedure is used:
· For each batch of consecutive speech frames losses (assume ‘m’ non- SID speech frames are lost), count the number of erasures fed to the speech decoder by the JBM (assume there are ‘n’ erasures). Set D1 =max(m, n).
· The above will not count the cases when there are no speech frame losses but erasures are fed to the speech decoder. Set D2=sum of all these erasures.
· The combined metric is D=D1+D2.

In effect in the combined metric each time there is a speech frame loss or speech decoder erasure, the maximum of the two is counted. The rational behind this metric is that we are always counting the larger of the two effects, losses and erasures. This enables us to count at every point the more detrimental of the two effects, while at the same time preventing double counting.  
The value of D to be achieved by a JBM under test is TBD. 

4 Conclusion

It is proposed that the procedure to calculate the jitter_induced_degradation_count (D) be adopted and this metric be used as an objective performance requirement for Jitter induced concealment operations.
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