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1. Introduction
The ART_LTE-SUPER WI in 3GPP Rel-12 updated acoustic test specifications to include super-wideband/fullband (SWB/FB) test cases. Several test cases were left undefined, in particular frequency responses. In TS 26.131 there is provision for defining SWB/FB frequency masks defined in 1/3 octave but values are in brackets, i.e. they do not apply; there is some text requiring to pass not only SWB/FB masks in 1/3 octave resolution, but also to pass existing WB masks defined for wideband (WB) terminals. 
Some proposals have been made this year to resume the discussion on SWB/FB frequency masks in April [1] and at this meeting some Tdocs address the same topic [2,3].

2. General considerations on 1/3 vs 1/12 octave bands
We recall that technical analysis of differences between sub-octaves was provided for instance in [5,6]. Our view is that the 1/3 octave precision is in general not sufficient to characterize a UE frequency response in modes like handset and headset and other bodies (ITU-T, ETSI) have defined SWB masks in 1/12 octave bands. The compromise to define a SWB mask in 1/3 octave bands and a WB mask in 1/12 octave bands is what could be achieved in 3GPP Rel-12.
While in the WB range from 100 to 6300 Hz going from 1/12 to 1/3 octave bands means going from 76 to 19 values, for the high frequencies above 6.3 kHz we move from 16 values to 4 values in 1/3 octave bands to characterize a (linear) range >8000 Hz.
Table 1: Center frequency for each 1/3 octave and 1/12 octave for super-wideband measurement (here ISO 3 R.10 and R.40 are used [4])
	100 Hz
	95 Hz
	315 Hz
	300 Hz
	1000 Hz
	950 Hz
	3150 Hz
	3000 Hz
	

10000 Hz
	9500 Hz

	
	100 Hz
	
	315 Hz
	
	1000 Hz
	
	3150 Hz
	
	10000 Hz

	
	106 Hz
	
	335 Hz
	
	1060 Hz
	
	3350 Hz
	
	10600 Hz

	
	112 Hz
	
	355 Hz
	
	1120 Hz
	
	3550 Hz
	
	11200 Hz

	125 Hz
	118 Hz
	400 Hz
	375 Hz
	1250 Hz
	1180 Hz
	4000 Hz
	3750 Hz
	

125000 Hz

	11800 Hz

	
	125 Hz
	
	400 Hz
	
	1250 Hz
	
	4000 Hz
	
	12500 Hz

	
	132 Hz
	
	425 Hz
	
	1320 Hz
	
	4250 Hz
	
	13200 Hz

	
	140 Hz
	
	450 Hz
	
	1400 Hz
	
	4500 Hz
	
	14000 Hz

	160 Hz
	150 Hz
	500 Hz
	475 Hz
	1600 Hz
	1500 Hz
	5000 Hz
	4750 Hz
	

16000 Hz
	15000 Hz

	
	160 Hz
	
	500 Hz
	
	1600 Hz
	
	5000 Hz
	
	16000 Hz

	
	170 Hz
	
	530 Hz
	
	1700 Hz
	
	5300 Hz
	
	17000 Hz

	
	180 Hz
	
	560 Hz
	
	1800 Hz
	
	5600 Hz
	
	18000 Hz

	200 Hz
	190 Hz
	630 Hz
	600 Hz
	2000 Hz
	1900 Hz
	6300 Hz
	6000 Hz
	

	
	200 Hz
	
	630 Hz
	
	2000 Hz
	
	6300 Hz
	

	
	212 Hz
	
	670 Hz
	
	2120 Hz
	
	6700 Hz
	

	
	224 Hz
	
	710 Hz
	
	2240 Hz
	
	7100 Hz
	

	250 Hz
	236 Hz
	800 Hz
	750 Hz
	2500 Hz
	2360 Hz
	8000 Hz
	7500 Hz
	

	
	250 Hz
	
	800 Hz
	
	2500 Hz
	
	8000 Hz
	

	
	265 Hz
	
	850 Hz
	
	2650 Hz
	
	8500 Hz
	

	
	280 Hz
	
	900 Hz
	
	2800 Hz
	
	9000 Hz
	




In terms of bandwidth, the 1/3 octave band division is obtained as follows (note that ISO 3 R.20 is used here instead of the theoretical division):
 {100Hz} = [90Hz, 112Hz]
 {125Hz} = [112Hz, 140Hz]
 {160Hz} = [140Hz, 180Hz]
 {200Hz} = [180Hz, 224Hz]
 {250Hz} = [224Hz, 280Hz]
 {315Hz} = [280Hz, 355Hz]
 {400Hz} = [355Hz, 450Hz]
 {500Hz} = [450Hz, 560Hz]
 {630Hz} = [560Hz, 710Hz]
 {800Hz} = [710Hz, 900Hz]
{1000Hz} = [900Hz, 1120Hz]
{1250Hz} = [1120Hz, 1400Hz]
{1600Hz} = [1400Hz, 1800Hz]
{2000Hz} = [1800Hz, 2240Hz]
{2500Hz} = [2240Hz, 2800Hz]
{3150Hz} = [2800Hz, 3550Hz]
{4000Hz} = [3550Hz, 4500Hz]
{5000Hz} = [4500Hz, 5600Hz]
{6300Hz} = [5600Hz, 7100Hz]
{8000Hz} = [7100Hz, 9000Hz]
{10000Hz} = [9000Hz, 11200Hz]
{12500Hz} = [11200Hz, 14000Hz]
{16000Hz} = [14000Hz, 18000Hz]

More importantly, the move from 1/12 to 1/3 octave bands implies smoothing / compression of the dynamic range. See Annex A of the present contribution for more details. Due to the non-linear smoothing process it's difficult to convert a mask defined in 1/12 octave bands to 1/3 bands, however it is useful to inspect real frequency curves in the two domains [5] to observe that one should not expect the same margin between low and high mask limits in both domains.

3. Derivation of SWB mask from subjective tests
Orange and Qualcomm contributed in Rel-12 with P.800 DCR test results to derive masks in SWB/FB [6,7]. Based on subjective test results, there were proposals from Orange for the SWB receive side in 1/12 bands and then also in 1/3 octave bands [6]. We repeat in Table 2 the main proposal for 1/3 octave bands from [6] for the SWB receive mask.
Table 2: SWB receive mask (handset and headset) proposed by Orange in [6].
	Frequency (Hz)
	Upper limit
8 ± 2 N
	Lower limit
8 ± 2 N

	100
	9
	 

	120
	9
	-3

	160
	9
	2

	6 000
	9
	 2

	12 000
	9
	-1

	14 000
	9
	

	NOTE: 	All sensitivity values are expressed in dB on an arbitrary scale.



The proposal from Qualcomm can be found in [7] for 13.2 SWB and 24.4 FB modes of EVS.

4.  Derivation of SWB mask from measured responses
Another approach to derive (validate) a mask is to measure a real device and compare its frequency response with a specific mask. As EVS is not yet available in commercial phones, one approach can be to use a softphone with EVS in OTT mode (Over the Top) .
The source has measured several commercial phones in OTT mode (VoIP with EVS) and also some commercial headsets typically used in VoIP / call centers. We have in general the same observation as in [2] that many devices are not yet capable of handling a frequency range up to 14-16 kHz. Actually many devices seem to limit the actual send / receive masks to WB (sometimes even NB) possibly due to hard-coded limitations in resampling and/or VQE; in some cases the frequency range extends to 10-12 kHz and most of the time equalization seems necessary. However, this observation does not mean that the SWB mask envisioned in 3GPP should be limited to e.g. 10 kHz. There is here a chicken-egg problem: as long as a SWB mask is not defined, it will be hard to expect phone with compliant SWB frequency responses; however, the fact that there is almost no SWB-capable device available yet does not mean 3GPP should not define a SWB extending up to 14 kHz.
At least there are few commercial phones that could pass a mask extending up to 14 kHz. For instance in sending one commercial phone in OTT mode has a sending response that can fit in to Table 3.
Table 3: SWB sending mask (handset and headset).
	Frequency (Hz)
	Upper limit (dB)
	Lower limit (dB)

	100
	3
	

	200
	3
	-3

	5000
	3
	-3

	12500
	3
	-5

	16000
	3
	

	NOTE:	All sensitivity values are expressed in dB on an arbitrary scale.




5. Other observations
Several observations can be made when deciding on the required SWB mask:
· As pointed out in [7], there can be interoperability problems if the combined sending and receive masks allow for a too large overall tolerance. This problem already exists in WB and will be even more critical in SWB. For instance if a tilt in sending with device A and the same tilt is present in receiving with device B, the overall (end to end) response can be very titled which can be very detrimental to quality.

· The basic principle for setting frequency response requirements in SWB/FB is to secure that there is differentiation (enhancement) of SWB/FB compared with WB. If values have to be agreed for 1/3 octave bands in SWB/FB, the masks in WB used as a 'safefy net' have to be revised to ensure sufficiently good quality already in the WB region. Currently the safety net only refers to exiting WB mask which is felt insufficient.

6. Proposal
[bookmark: _GoBack]Based on the above considerations, we propose the SWB masks in sending and received masks in Tables 3 and 2.
We also propose to revise the text in TS 26.131: 
A UE operating in super-wideband mode shall pass the super-wideband requirements (i.e. when measured according to in 1/3rd octaves) as specified here, and also pass the wideband sensitivity/frequency characteristics requirements in the wideband range using the wideband measurement (i.e. measured in 1/12th octaves).
to:
A UE operating in super-wideband mode shall pass the super-wideband requirements (i.e. when measured according to in 1/3rd octaves) as specified here, and also pass the wideband sensitivity/frequency characteristics performance objectives in the wideband range using the wideband measurement (i.e. measured in 1/12th octaves).
with performance objectives ensuring a response differentiated from the required WB characteristics. A WB mask similar to [10] could serve this purpose.
In short, our view is that the SWB frequency mask should guarantee some progress with respect to wideband telephony. We propose to ensure some differentiation compared to HD voice but also to minimize end to end quality issues with combined sending and receiving frequency characteristics in SWB.
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Annex A: comparison between 1/12 to 1/3 octave resolution
We recall here basic observations.
A dip of -20 dB in 1/12 octave will become -2,21 dB in 1/3 octave.
[image: ]
A peak of +20 dB in 1/12 octave will become about 10 dB in 1/3 octave.
[image: ]
More examples with real frequency responses (in WB) can found in [5].
In general one can expect that a given frequency response should fit in a tighter mask in 1/3 octave bands. Moreover the level of equalization to compensate for dips is highly reduced when going to 1/3 octave bands, the same applies for peaks to a smaller extent.
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