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1. 
Introduction

The EVS design constraints [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."
The objective of this contribution is to review and propose some masks for consideration in the EVS test plans. The focus is on NB, WB and SWB which are mandatory bandwidths for EVS.
3. 
Considerations for the choice of input masks for EVS 
In a system-optimized view one may try to tune up the input frequency mask according to the typical sending frequency characteristics of mobile terminals.

This approach may seem reasonable; however there are several aspects to consider:
· Usually only tolerance limits are defined (see TS 26.131) and many different terminal characteristics can be measured within the specified limits
· The front-end before the codec may be in any acoustic mode, e.g. handset, headset, hand-free, softphone mode, where the masks may not be exactly the same.

· Calls with EVS-capable UEs will be made in NB, WB or SWB – a phone capable of sound pickup and rendering in higher bandwidth (e.g. SWB) should in principle be able to support quite large sending characteristics in lower bandwidth (e.g. NB, WB)

· Acoustic specifications and technologies can evolve over time, in particular frequency masks were recently updated in TS 26.131

· Optimizing a codec for a specific mask may yield to worse performance for a different mask, due to source mismatch

· Under ideal conditions, it will be possible to have end to end (transcoder free) operation at the media level, where the main acoustic limitations (outside the codec) will be the UE acoustic front/back-ends.
· The EVS codec will be used in UEs, media gateways, conference bridges, etc., and its usage may go beyond mobile VoIP.

It must be pointed out that the input frequency mask to be used for EVS in test plans will limit the audio bandwidth that EVS will be able to represent and so must be selected carefully. For instance, when AMR-WB was developed, the use of P.341 implicitly limited the bandwidth of AMR-WB to the 50-7000 Hz range. Still there is some potential quality improvement by representing a bandwidth close to 50-8000 Hz in wideband. 
2. 
Review of typical (input) frequency masks for speech coding testing
2.1 
NB masks
In AMR standardization the test plans included several input masks to be applied on speech: Modified IRS (TX), MSIN and FLAT. The corresponding implementations can be found in ITU-T STL [2] and the related frequency responses (magnitude only) are illustrated in Figure 1.
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Figure 1: MIRS (TX), MSIN and FLAT filters [2].
2.2 
WB mask
In AMR-WB standardization, the mask referred to as 'P341' was used. The corresponding implementation can be found in ITU-T STL [2]. Note that the original tolerance limits in ITU-T P.341 allow for different filter shapes and it should be noted that P.341 [3] is meant for "loudspeaking and hands‑free telephones capable of transmitting an audio bandwidth extending beyond the conventional telephony bandwidth of 300 to 3400 Hz, to a bandwidth of approximately 100 Hz to 8000 Hz." Moreover the scope of ITU-T P.341 is primarily for telephones using G.722 at 64 kbit/s. It should also be noted that ITU-T P.311 addresses audio performance requirements for wideband headset terminals.
The P341 frequency response (magnitude only) is illustrated in Figure 2, together with the latest version of the P.341 sending characteristics.
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(a) P341 filter in STL [2]


(b) Revised P.341 sending mask [3]
Figure 2: P341 filter vs actual P.341 tolerance limits.

2.3 
SWB masks
In recent ITU-T SWB speech coding activities, the mask referred to as '14KBP' in [2] was used.
The corresponding frequency response (magnitude only) is illustrated in Figure 3.
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Figure 3: Frequency response of 14KBP filter in STL [3].
3. 
Proposal
In [4], the Source already proposed to consider input masks that are larger than those previously used in codec standardization. The proposal in [4] is quoted below
"Limitation of upper limit to 7000 Hz is used in AMR-WB. However, TS 26.131 (Clause 6.4) allows wideband terminals to extend audio bandwidth up to 8000 Hz. An upper limit of 8000 Hz may facilitate the extension to SWB.
Super-wideband (SWB) operation:  32 kHz sampling frequency, 50 – 16000 Hz audio bandwidth

NOTE: Limitation of upper limit to 14000 Hz is assumed in existing SWB codecs (eg. ITU-T G.722.1C). The terminal characteristics of superwideband terminals may allow to extend the audio bandwidth to 16000 Hz.
If supported, fullband (FB) operation:  48 kHz sampling frequency, 20 – 20000 Hz audio bandwidth"
We make the same proposal here. However, to be more specific we propose to use the following filters to define the actual input frequency masks:
· In NB: 50Hz -near 4000 Hz implemented from 32 kHz input by 14KBP filtering with HQ2 and 2:1 downsampling

· In WB: 50-near 8000 Hz implemented from 32 kHz input by 14KBP filtering with HQ2 and 2:1 downsampling. 

· In SWB: new 50-near 16000 Hz to be defined (not available in ITU-T STL)

To illustrate this proposal, the frequency response of the combined 14KBP and HQ2 filters is shown in Figure 4, which is meant for the WB case.
Note that 'legacy' masks (e.g. FLAT, P341) should be considered in EVS standardization in interoperation scenarios to PSTN or other legacy networks.
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Figure 4: Frequency response of combined 14KBP and HQ2 filters.
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