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The present document is a continuation of S4-181118. The only change is the revision of Section 3, including draft CR options in Annexes.
1 Introduction

The SID update scheme in EVS is described in TS 26.445, clause 5.6.1.1. SID frames in EVS Primary modes are transmitted at fixed or adaptive rate and the fixed/adaptive behaviour is controlled by a command line parameter ('dtx') at the encoder. There are two options defined in the command line:

-dtx D           : Activate DTX mode, D = (0, 3-100) is the SID update rate
                   where 0 = adaptive, 3-100 = fixed in number of frames,
                   default is deactivated
-dtx             : Activate DTX mode with a SID update rate of 8 frames

When a value D is supplied, the SID update rate is either adaptive (D=0) or fixed (D = 3 to 100).
When the rate is adaptive (D=0), the actual rate is limited to the range 8-50; this rate is signal dependent, based on estimated background noise characteristics (e.g. SNR).

The objective of this contribution is to trigger discussion on the expected/actual usage of the DTX operation in EVS deployments and to investigate if any specification needs to be updated. This issue has never been openly discussed in SA4 and it may be time to address this topic.

2 Discussion

We make the following observations that may help discussion:

· For AMR and AMR-WB, the SID update is deterministic: there is a specified sequence of SID_FIRST and SID_UPDATE with 1, 3 and 8 frame intervals. EVS AMR-WB IO follows the same SID update scheme as AMR-WB for interoperability reasons. For EVS Primary modes, the situation is different.
· There is no SDP parameter in the EVS RTP payload format that may allow controlling the SID update behaviour. Therefore, this feature is out of control at call setup/negotiation and there may be different settings deployed / used in the field. 
· EVS with DTX activated was formally tested in 3GPP subjective tests only with the '-dtx' option. The adaptive update feature or fixed update rate other than 8 frames have not been evaluated in selection/characterization tests.
· The possibility that different EVS clients to be configured with different SID update rate settings should not imply any interoperability issues, given that the specified EVS decoder should be able to handle DTX operation, irrespective of the SID update rate.
· The SID update rate may have system impacts, in particular for VoLTE : delay-based schedulers typically take into account the SID transmission period to allocate grants every x ms (where x=160ms in silence state and 20 ms or a multiple for the talk state).
· In a bidirectional communication between two phones A and B, if phone B receives non-SID packets and sends SID packets, and if phone B wants to request a bit rate change by CMR, this CMR request should be sent as soon as possible. In case of adaptive SID transmission, the delay prior to sending a CMR may go up to 1s. This may have strong impacts on the assumed feedback loop for voice.

3 Proposal: draft CR options

We propose two possible options:

A. Change EVS core specifications (TS 26.445 / 26.449)

See changes in Annexes A1 and A2.
Note that additional corrections to source code (TS 26.442 / TS 26.443) would also be required, however such changes need to be prepared only if option A is agreed.


B. [bookmark: _GoBack]Change the usage of EVS in MTSI in TS 26.114 (possibly also TS 26.223 for IMS-based telepresence) 

See changes in Annex C.
Note that Option B does not cover the profiling of MTSI in GSMA IR.92. Indeed, IR.92 directly refers to EVS core specifications for EVS support.

Annex A1: Change to TS 26.445

---- beginning of first change ---

[bookmark: _Toc517376294]4.4.3	DTX/CNG operation
The codec is equipped with a signal activity detection (SAD) algorithm for classifying each input frame as active or inactive. It supports a discontinuous transmission (DTX) operation in which the comfort noise generation (CNG) module is used to approximate and update the statistics of the background noise at a variable bit rate. Thus, the transmission rate during inactive signal periods is variable and depends on the estimated level of the background noise. However, tThe CNG update rate can also beis fixed by means of a command line parameter to 8 frames.

---- end of first change ---

---- beginning of second change ---

[bookmark: _Toc382483674][bookmark: _Toc392791785][bookmark: _Toc394347315]5.6.1	Overview
[bookmark: _Toc392791786][bookmark: _Toc394347316]This subclause describes the discontinuous transmission (DTX) scheme and the comfort noise generation (CNG) algorithm. The DTX/CNG operation, which is activated on a command line, is used to reduce the transmission rate by simulating background noise during inactive signal periods. The regular DTX/CNG modes are supported for bit rates up to 24.4 kbps. For higher bit rates, the EVS codec supports a less aggressive DTX/CNG scheme that only switches to CNG for low input signal power.
The reduction of the transmission rate during inactive periods is achieved by coding the parameters referred to as comfort noise (CN) parameters. These parameters are used at the decoder to regenerate the background noise as well as possible, by respecting the spectral and temporal content of the background noise at the encoder. In the EVS Codec, the CNG algorithm reproduces high quality comfort noise by choosing between a linear prediction-domain based coding mode (LP-CNG) and a frequency-domain based coding mode (FD-CNG), according to the input characteristics. Each of the two coding modes utilizes a different set of CN parameters. In the LP-CNG mode, four CN parameters are analyzed and encoded: the low-band excitation energy, the low-band signal spectrum, the low-band excitation envelope and the high-band energy, where the high-band energy is only encoded for SWB/FB input. In the FD-CNG mode, the CN parameters consisting of global gain and spectral energies grouped in critical bands. Those parameters are encoded by a vector quantizer for transmission.





When the codec is operated with the DTX/CNG operation, the signal activity detector (SAD) is used to analyse the input signal to determine whether the signal comprises an active or inactive signal (see SAD decision in subclause 6.2). Based on its analysis, the SAD generates a SAD flag, , whose state indicates whether the signal is active (= 1) or merely a background noise (= 0). When = 1, the regular encoding and decoding process is performed, as in the default option. When = 0, DTX functions are run at the encoder that transmit either a silence insertion descriptor (SID) frame or a NO_DATA frame. The SID frame contains the CN parameters, which are used to update the statistics of the background noise at the decoder, whereas the NO_DATA frame is empty. The SID frame is always encoded using 48 bits regardless the actual CNG mode operating.
Further, hangover logic, as described in subclause 6.2, is used to enhance the quality of SID frames. The hangover logic in the SAD algorithm is such that the encoder waits for a certain number of frames before switching from the active signal to inactive signal. If the background noise contains transients that force the encoder to switch from inactive signal to active signal and then back to inactive signal in a very short time period, no hangover is used.
5.6.1.1	SID update
The CN parameters are transmitted at a fixed or adaptive rate during inactive signal periods using a command line parameter. The fixed rate is limited to between 3 and 1008 frames. The adaptive rate, in general, is dependent on the background noise characteristics such as the current signal-to-noise ratio (SNR) and is limited to be between 8 and 50. Generally, at a high SNR, the SID frames are transmitted with a lower rate to achieve a significant reduction of average data rate at the cost of only minor quality degradation. On the other hand, at a low SNR, SID frames are transmitted with a higher frequency so that the comfort noise remains as natural as possible. Thus, increasing SNR implies decreasing SID frame frequency, whereas decreasing SNR implies increasing SID frame frequency.




To determine the adaptive SID transmission rate, the SNR is calculated based on the long-term energy of the active signal, , and background noise, . The DTX algorithm updates both long‑term values in each frame to take into account the possible evolutions of the level of the two respective signals. In the current frame, only one of these two energies is updated. If the current frame is classified as VOICED, the DTX module updates only the long-term energy of the active signal. Otherwise, it updates only the long-term energy of the background noise. The adaptive rate calculation is performed in every inactive signal frame after the preamble period. This period is characterized by at least 50 updates of both  and .
The update of the long-term energy of an active signal is performed as follows:

		(1313)	
and the update of the long-term energy of an inactive signal as

		(1314)	




where Ef = ||snr(n)|| is the energy of the denoised signal, snr(n), in the current frame. α represents a forgetting factor. Its value is based on the energy evolution. The value of α is set either to 0.99 for slow adaptation, or 0.90 for fast adaptation of the long-term energy level. In case of , fast adaptation is chosen if  in the current frame, otherwise slow adaptation is applied. In case of , the fast adaptation is chosen if  in the current frame, otherwise slow adaptation is applied.


Having estimated the long-term energies,  and , the SNR value in the logarithmic domain is calculated in every inactive signal frame as

		(1315)	
The SID transmission rate, rSID, is finally adapted based on the current SNR value. The value of rSID is linearly varied between a minimum value, rMIN, that corresponds to a minimum SNR value, SNRMIN, and a maximum value, rMAX, that corresponds to a maximum SNR value, SNRMAX. That is

		(1316)	
where rMIN ≤ rSID ≤ rMAX. The values rMIN, SNRMIN, rMAX and SNRMAX are selected as follows:
		rMIN = 8
	SNRMIN = 36 dB
	rMAX = 50
	SNRMAX = 51 dB.



Thus, the adaptive rate is limited to between 8 and 50 frames and is updated in every inactive signal frame. If the number of consecutive NO_DATA frames is equal to or greater than the current value of rSID, the next inactive signal frame is denoted as a SID frame. There is one exception to this rule.
a) SID frame sent due to detection of abrupt changes in the spectral characteristics of background noise, as described in Section 5.6.1.2. 
After the rate rSID is determined, a variation of the long-term energy of the inactive signal is calculated and subjected to a fixed threshold. This is performed in every NO_DATA frame after the preamble period. That is, if the following variation holds

		(1317)	


the long-term energy of inactive speech is reset to , where  is the long-term energy of the inactive signal updated in every SID frame.

[bookmark: _Toc394347317][bookmark: _Toc392791787]5.6.1.2	Spectral tilt based SID transmissionVoid
Adaptive SID update rate that relies only on fluctuations in SNR as described in Section 5.6.1.1 may sometimes fail to detect  significant changes in the background noise characteristics. In some cases, inactive frames that are perceptually different will have similar energy characteristics (typically encoded as gain values in the SID frames). Although background noise in a street (street noise) may have an energy distribution over time that is similar to that of background noise in a crowded space (babble noise), for example, these two types of noise will usually be perceived very differently by a listener. Spectral tilt is a good measure to capture such  changes in the background noise characteristics.

It would be beneficial for a DTX/CNG scheme to track such perceptual changes in the background noise, apart from tracking the SNR as described in Section 5.6.1.1.  Hence a scheme to detect a sudden change in spectral tilt of the background noise and trigger a new SID frame indicating the parameters of the new background noise is employed in the encoder.

To ensure that there is no affect from an active talk spurt to the computation of spectral tilt of the background noise, this computation is performed in every inactive frame after 5 consecutive inactive frames that immediately follow an active talk spurt.




Linear prediction coefficients (LPCs) are derived using performing Linear prediction analysis (Section 5.1.5.1 – Section 5.1.5.3) on the current input frame with background noise and no active speech.  LPCs are then converted to reflection coefficients (RCs) as follows using a backwards Levinson Durbin recursion. For a given Nth order LPC vector, the Nth reflection coefficient value is derived using the formula , it is then possible to calculate the lower order LPC vectors using the following recursion

		(1318)	



which yields the reflection coefficient vector . The spectral tilt of background noise is indicated by the first reflection coefficient. A smoothened running average of the spectral tilt of background noise in Kth inactive frame is computed using a first order IIR filter as follows.

		(1319)	

The running average differences from frame to frame are accumulated in during each during each successive inactive frame K as follows:

		(1320)	



Absolute value of this delta-sum parameter is compared against a set threshold of 0.2. If this threshold is exceeded during an inactive frame indicating a change in spectral tilt characteristics of the background noise, and if the number of consecutive NO_DATA frames is equal to or greater than 8, a new SID frame is transmitted regardless of the current value of the adaptive SID rate parameter rSID. At this point, parameters and are also reset to zero to start a fresh computation of spectral tilt of the background noise that follows this SID frame.



---- end of second change ---


Annex A2: Change to TS 26.449


---- beginning of first change ---

[bookmark: _Toc517377513]4	General
The present document gives an overview for the requirements of the background acoustic noise evaluation, noise parameter encoding/decoding and comfort noise generation for the Enhanced Voice Services (EVS) speech codec during Discontinuous Transmission (DTX) operation.
The present document is mandatory for implementation in all network entities and UEs supporting the EVS codec.
In the case of discrepancy between the EVS comfort noise aspects described in the present document and its ANSI-C code specification contained in [3], the procedure defined by [3] prevails. In the case of discrepancy between the procedure described in the present document and its ANSI-C code specification contained in [4], the procedure defined by [4] prevails. 
A basic problem when using DTX is that the background acoustic noise, which is transmitted together with the speech, would disappear when the transmission is cut, resulting in discontinuities of the background noise. Since the DTX switching can take place rapidly, it has been found that this effect can be very annoying for the listener - especially in a car environment with high background noise levels. In bad cases, the speech may be hardly intelligible.
The present document specifies the way to overcome this problem by generating on the receive (RX) side synthetic noise similar to the transmit (TX) side background noise. The comfort noise parameters are estimated on the TX side and transmitted to the RX side at a regular rate when speech is not present. This allows the comfort noise to adapt to the changes of the noise on the TX side.
The Enhanced Voice Services (EVS) speech codec supports two Comfort Noise Generation (CNG) schemes, a linear prediction based CNG (LP-CNG) as well as a frequency domain based scheme (FD-CNG). The selection of the one of the two schemes is performed within the transmit side functions on an input signal bases. The parameters for generating the comfort noise are packed as a Silence Insertion Descriptor (SID) payload.
The update rate of the SID payload can be configuredis limited to a fixed number of 8 framesor to a mode where the update rate is adaptively modified according to the background noise. The fixed rate mode is limited to updates between 1 and 100 frames while in the adaptive rate mode the updates are limited to 8 and 50 depending on the noise behaviour.
As the functions of the CNG processing are highly integrated into the speech codec and make use of other coding parameters, The present document only provides an overview of the functions. The relevant references to the algorithmic descriptions are provided in the following. 

---- end of first change ---


--- beginning of second change ---
[bookmark: _Toc517377515]5.1	EVS primary CNG operation
The CNG operation on the transmit side is described in figure 1. In DTX operation, the SID updater decides if anythat a SID update is required every 8 frames. If the SID payload should is be updatedrequired, the CNG Selector enables either the LP or the FD CNG encoder depending on the signal characteristic of the background noise. The selected CNG encoder calculates the noise generation parameter and creates the related SID payload.
[image: cng_enc]
[bookmark: EVS_CNG_encoder]Figure 1: Transmit side Comfort Noise Generator functions
In [2], all TX functions are described in clause 5.6. The algorithmic description of the 
-	SID Update mechanism can be found in sub-clause 5.6.1.1 and 5.6.1.2
-	CNG Selector can be found in sub-clause 5.6.1.3
-	LP-CNG encoder in sub-clause 5.6.2 
-	FD-CNG encoder in sub-clause 5.6.3.


--- end of second change ---



Annex B: Change to TS 26.114

--- beginning of first change ---

[bookmark: _Toc524217391]5.2.1.4	Detailed codec requirements, EVS
When the EVS codec is supported, the SID update of EVS Primary shall be limited to a fixed interval of 8 frames.
When the EVS codec is supported, the MTSI client in terminal may support dual-mono encoding and decoding.
When the EVS codec is supported, EVS AMR-WB IO may serve as an alternative implementation of the AMR-WB codec, [125]. In this case, the requirements and recommendations defined in this specification for the AMR-WB codec also apply to EVS AMR-WB IO.

--- end of first change ---
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