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1. 
Introduction
The EVS design constraints (EVS-4) [1] state that:

"The encoder shall support input signals with different input signal bandwidth (NB, WB, SWB, and optionally FB) with frequency masks to be defined in the test plan."

At EVS Adhoc#3 and SA4#67 the Source made some proposals in [2] for the definition of frequency masks based on the ITU-T STL library [3]. According to the report of EVS Adhoc#3 [4]:

The following ideal masks were agreed for both reference and EVS conditions and DIRECT (as pre-processing) :

· in NB: 50-4000 Hz

· in WB: 50-8000 Hz

· in SWB: 50-16000 Hz

· in FB: 20-20000 Hz 

The actual implementation of these "ideal" masks is currently not defined.

The objective of this contribution is to progress the EVS processing and test plans and clarify the exact implementation of masks needed for EVS testing.

2. 
Analysis of existing filters in ITU-T STL library

In [2], existing filters, in particular the HQ2 and HQ3 filters (HQ for High Quality), were considered to pre-process audio files. More specifically:

· The HQ2 filter (see stl2009\fir\fir-flat.c in [3]) is realized as a symmetric FIR filter with 118 coefficients and its frequency response is illustrated in Figure 1a. Its cutoff frequency is around 0.458( (frequency in [0, (]). 
· The HQ3 filter (see stl2009\fir\fir-flat.c in [3]) is realized as a symmetric FIR filter with 168 coefficients and its frequency response is illustrated in Figure 1b. Its cutoff frequency is around 0.305( (frequency in [0, (]).

These two filters, when coupled with down-/up-sampling operations, are unsatisfactory to achieve the targeted higher limits of masks for EVS testing; moreover the rejection to 80 dB may not be sufficient to process signals with a large spectral dynamic range.

Moreover it was emphasized in [2] that a new bandpass filter of 50-(near)16000 Hz frequency would be needed, and such a filter could be similar to the existing "14KBP" already present in [3] (with extended higher frequency limit).
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	(a) HQ2 magnitude response
	(b) HQ3 magnitude response


Figure 1: Frequency response of High Quality (HQ) filters in ITU-T STL
We propose to define some new filters:

· Updated high quality filters, called "SHQ2" and "SHQ3" (SHQ for Super-High Quality) with a cutoff frequency close to the target of (/2 and (/3, respectively 

· New HP50_48kHZ filter with a pass band around 50-20000 Hz.
Before considering a proposed implementation in Section 4 of this contribution, we describe how such filters would be used.
3. 
Proposal (high-level)

We assume here that the (mono) source material is sampled at 48 kHz in 16-bit linear PCM format and the processed material will be use the same format (48 kHz, 16-bit PCM). We only discuss below the proposed pre-filtering stage necessary to implement the frequency mask (prior to level normalization, etc.).

The frame length to be used in the following command lines is left to be defined in the test plan and is denoted '[length]'..
HP50 prefiltering for NB, WB, SWB conditions
To produce prefilter the source material the following command line can be used:

filter HP50_48KHZ Input Output [length]
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NB prefiltering and rate change to 8 kHz

To produce a 8 kHz sampled file Output16 from a 48 kHz sampled file Input:
filter –down SHQ3 Input temp16 [length]

filter –down SHQ2 temp16 Output8 [length]
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WB prefiltering and rate change to 16 kHz

To produce a 16 kHz sampled file Output16 from a 48 kHz sampled file Input:
filter –down SHQ3 Input Output16 [length]
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SWB prefiltering and rate change to 32 kHz

To produce a 32 kHz sampled file Output32 from a 48 kHz sampled file Input:
filter –up SHQ2 Input temp96 [length]
filter –down SHQ3 temp96 Output32 [length]
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FB prefiltering

The existing filter "20KBP" in the ITU-T STL2009 tool can be used. To produce a [20-20000 Hz] bandpass filtered file use:

filter 20KBP Input Output [length]
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4. 
Updated filter tool

The source code of the updated "filter" tool (including SHQ2 and SHQ3) is attached and we invite some validation of this tool.

The attachment contains the original source code of the "filter" tool [3] modified to include:

· Updated high quality filters, called "SHQ2" and "SHQ3" (SHQ for Super-High Quality) with a cutoff frequency around 0.4935( and 0.3268( respectively, a ripple < 0.15 dB in  pasband and a rejection of 100 dB, implemented as a FIR filter of 873 coefficients in both cases. The respective frequency responses are illustrated in Figure 2 (see 'fir-flat.c' in attachment with coefficients in 'sh02' and 'sh03' tables)
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	(a) SHQ2 magnitude response
	(b) SHQ3 magnitude response


Figure 2: Frequency response of proposed Super High Quality (SHQ) filters

· New HP50_48kHz filter at 48 kHz sampling with a pass band around 50-20000 Hz. Note that in case this may be useful, an additional filter variant at 32 kHz, denoted HP50_32kHz is also provided, it can be removed if not necessary (see 'fir-wb.c')
5. 
Additional remarks

As discussed in [2], 'legacy' masks (e.g. FLAT for NB, P341 for WB as well as MISN for SNR computation and speech/noise mixing) should be considered in EVS standardization in interoperation scenarios to PSTN or other legacy networks.

It may be relevant aligning in time domain all pre-processed signals across different bandwidths, this delay compensation is not detailed here.
6. 
Conclusion

We propose to adopt the attached, updated version of the ITU-T STL 'filter' tool to implement the input frequency masks foreseen for EVS testing and the update the EVS processing plan (EVS-7a) accordingly.

Note that 'legacy' masks (e.g. FLAT, P341) should be considered in EVS standardization in interoperation scenarios to PSTN or other legacy networks, but not in the context of EVS direct e2e communication.

Attachment: Updated filter tool (including source code and pre-compiled DOS executable)
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8 kHz, 50-4000 Hz file





3:1 down-sampling using SHQ Mask





48 kHz audio file





3:1 down-sampling using SHQ Mask





1:2 up-sampling using SHQ Mask





48 kHz audio file after HP50_48KHZ








16 kHz, 50-8000 Hz file





48 kHz, 20-20000 Hz filtered file





20-20000 Hz filtering





3:1 down-sampling using SHQ Mask





2:1 down-sampling using SHQ Mask





48 kHz audio file after HP50_48KHZ





48 kHz audio file after HP50_48KHZ





48 kHz, 50-20000 Hz filtered file





HP50_48KHZ filtering





48 kHz audio file
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