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1 Introduction

In the framework of the EVS Work Item, according to the Project Plan document (EVS-2), the first task is to work out the Design Constraints (EVS-4) and Performance Requirements (EVS-3) permanent documents. 

3GPP SA4 #58 and #59 meetings discussed several contributions on the proposed Design Constraints and Performance Requirements.

This contribution discusses aspects of Variable Bit Rate (VBR) coding in EVS. 
2  Variable Bit Rate Coding
VBR coding means a method that assignes different number of bits to a speech frame in the coded domain in dependence on the characteristics of the input speech signal. This method is often called source-controlled coding as well. Typically, a source-controlled coder encodes speech at different bit rates depending on whether the current frame is categorized for example as voiced, unvoiced, transient, or silence.
Due to the finer bit allocation, in comparison to Fixed Rate (FR) coding, VBR offers the advantage of a better speech quality at the same average active bit rate than FR coding at the given bit rate. 
For example, the SILK coder applies the concept of VBR.  SILK is designed for Internet audio.

We can find that VBR is a useful feature of a speech coder and enhances the usefulness of the EVS coder. 
The benefits of VBR can be exploited if the transmission network supports the transmission of speech frames (packets) of variable size. That is the case is some relevant networks, e.g. LTE and UMTS. However, for example in LTE, we can identify some additional delay on the cost side. In order to understand the impact of delay, we address a test method to cope with quality and delay; also we propose to liaise other relevant 3GPP groups to understand the amount and characteristics of the delay on the cost side.
3 VBR and FR Modes in EVS
In a scenario when a speech coder offers VBR and FR modes, the question arises how to balance the benefits of VBR (better quality at a given bit rate) with the cost (delay), in comparison to FR modes. Specifically, recognizing that excessive delay in PS networks is perceived by the listener as frame erasure due to jitter buffer underflow, we present a test method that takes these aspects into account.
In a first step, we activate FR mode and allow jitter buffer adaptation algorithm to target a fixed underflow rate. Now we measure the speech quality by e.g. a MOS score, also we measure average jitter buffer length (delay). Then, in a second step, we activate the corresponding VBR mode and allow the jitter buffer adaptation algorithm to target a fixed underflow rate again; now we measure speech quality and delay again. Now we go to the third step still in VBR and set the jitter buffer adaptation to target an underflow rate that results in the same (lower) delay as in the first step; the average jitter buffer length will be shorter but the underflow hence frame erasure increases.
On this way, we know how much difference in delay corresponds to which amount of quality (MOS) difference and which amount of FER difference.
For example, in a certain case it may turn out that 10 msec of delay corresponds to 0.5% FER. That means the cost of an additional 10 msec of delay is the same as having +0.5% FER (additionally, 0.5% of packets can be thrown away to get the 10 msec back). 

On the presented way, we quantify the additional delay in terms of additional FER. Note that the use of a more advanced PLC algorithm may compensate audibly for the slight increase in FER.
4 Proposed Text in EVS Permanent Documents
We propose the following text to be included in the EVS Design Constraints document:
	Variable Bit Rate Operation (VBR)
	Candidates shall provide a Source-Controlled Variable Bit Rate (SC-VBR) solution for selection. Selection includes SC-VBR functionality. 
	

	Voice Activity Detection (VAD), Discontinuous Transmission (DTX), Comfort Noise Generation (CNG)
	Candidates shall provide a VAD/DTX/CNG solution for selection phase. Selection includes DTX functionality.
	


We propose the following text to be included in the EVS Performance Requirements document:
“For Variable Bit Rate (VBR) operation, bit rates shall be computed as average bit rates computed on active speech over sufficiently long periods of time so as to capture a good statistical measure for capacity purposes.”
5 Conclusion
We find that VBR is a useful feature in speech transmission since it maximizes quality at a certain throughput. We propose to study the benefit and cost impacts of FR vs. VBR modes in EVS in liaison relationship with other relevant 3GPP groups. Also, we present a test concept to compare FR and VBR modes in terms of quality and delay. Based on the above, we propose related text to be included in the EVS Design Constraints and EVS Performance Requirements permanent documents.
