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1. Introduction
Qualcomm is providing written comments regarding [5] as many of the concepts being discussed regarding source-controlled VBR are related to the physical and MAC layers of LTE.  By providing written comments we hope to make our points clearer during the SA4 EVS discussion.
2. VBR using Semi-persistent Scheduling (SPS)
Contribution [5] states the following concern:
· In general, source-controlled VBR is efficient in terms of rate-distortion manner, but could only be implemented using dynamic scheduling which requires packet-by-packet control signalling for resource allocation. This overhead cannot be neglected for small payloads such as a VoIP packet. This is the reason why SPS is specified for packets with constant bit rate during talk spurt [1]. Therefore, the total radio transmission rate should be considered in order to quantify the efficiency over LTE. 

We do not agree that VBR requires full dynamic scheduling.  
Source-controlled VBR can be implemented using semi-persistent scheduling (SPS) as is described in [6].  This allows VBR to operate with much less PDCCH overhead and therefore support significantly more VoIP users.
The results in [6] show that the PDCCH overhead limitations do not prevent VBR using SPS from reaching the full VoIP capacity enabled by operating the codec at lower average rate.

3. VBR coverage better than CBR
Contribution [5] states the following concern:
· If the peak rate in a packet exceeds that of CBR, coverage problem may occur for such packet. 

We do not agree that VBR increases the chances of coverage problems over CBR.

VBR operation allows the encoder to use less bits when the source voice signal does not require as many bits to describe it, i.e., VBR exploits the reduced entropy of the signal.  For the same voice quality, VBR codecs can operate with the same peak rate as a CBR codec while achieving a lower average rate.  Therefore a VBR codec can have even better coverage than a CBR codec which is fixed to operate at the peak rate of the VBR codec.

The simulations in [6] show that when using the VBR codec the TSB sizes used varies between 120 to 256 bits whereas the TSB for AMR 12.2 is always 328 bits. The coverage limitations in this case are more severe for the CBR codec whose voice quality is even less than that of the VBR codec.

4. Capacity limitations of using Full Dynamic Scheduling (FDS)
Contribution [5] states the following:

This means that to achieve equivalent capacity to SPS case, 33% to 43% reduction in terms of payload bit rate is necessary, when using dynamic scheduling. Compared to CBR of 12.2 kbps over SPS, average bit rate of 6.8 to 8 kbps is required for source-controlled VBR under the condition of keeping the same speech quality and radio capacity. The above results also imply that, to further increase transmission capacity by operating at even lower bitrates, such as 8kbps as required by some operators, the correct decision is to use CBR over SPS, rather than using source-controlled VBR.
We do not agree that reducing the bit rate of the codec can solve the capacity difference in the scenario described in the [5].

The capacity limitations shown in [5] for VBR result from limitations in the PDCCH overhead when using FDS.  Therefore reducing the average bit rate for VBR does not help increase the VoIP capacity beyond this limit.  A reduction in overhead is required and this can be achieved using SPS as was done for the CBR codec.
It is also worth pointing out that VBR allows the codec to achieve good voice quality at very low average bit rates.  In contribution [7] we are proposing VBR rates of 5.15kbps and 5.9kbps over active speech which will provide even better capacity than the 6.8 and 8kbps rates suggested above in [5].

5. Data Traffic Capacity Gains when using VBR
LTE systems will typically have a mix of voice and data users in the cells.  The analysis in [5] does not illustrate the resulting gains in data traffic capacity enabled by VBR operation of the codecs at lower average rate.  This is an important advantage that should not be overlooked.
Furthermore, in typical mixed voice and data systems, the expected number of voice users may not be enough to exceed the PDCCH limitations of the system.  Some operators may decide that they do not require the SPS optimization for their networks and will choose to use the default full-dynamic scheduling.  In such deployments the VoIP capacity limitation of the PDCCH is the same for CBR and VBR codecs but the VBR codec provides significant gain in throughput for the data applications as illustrated in [6].
6. Conclusion
This document addresses concerns raised in contribution [5] regarding the operation of VBR codecs.  We propose that mandatory VBR rates be included in the EVS codec as specified in [7].
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