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1. Introduction

In previous contributions within ART_LTE-SUPER (e.g. [2]…[5]), the topic of frequency responses for super-wideband has been addressed. For the SA4 #80 meeting, Orange suggests, in [1], different options for proceeding, repeated here:


[image: image1]
These are welcome proposals for finding a compromise. In the following, we take a closer look at options C and D.

2. Observations
Observations about 1/3rd octaves compared to 1/12th octaves:
· In TS 26.132, 1/3rd octaves are already used for
· Desktop, vehicle and hand-held handsfree frequency responses

· TCLw, SLR, RLR, STMR etc

· 1/3rd octaves are well motivated from a psycho-acoustic point of view (similarity to critical band width for most of the frequency range of interest)

· 1/3rd octaves reduce the impact of narrow dips, which in practice makes it possible to avoid some potentially bad-sounding filters, see details below.
3. Smoothing by fractional octave bands
To illustrate this effect, assume a peak or dip of rectangular shape by the width of 1/12th octaves. When four adjacent 1/12th octave bands are summed to create a 1/3rd octave band, a dip of ‑10 dB is reduced to a dip of about ‑1 dB. However, a peak of +10 dB is still prominent in 1/3rd octave analysis, at about +5 dB.
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Figure 1 Example of narrow peak/dip in 1/12th octave band analysis (left) and 1/3rd octave band analysis (right), it is seen that a narrow dip is more smoothed than a narrow peak. Note that the example x axis only includes a small number of bands, for illustration purposes.
This asymmetric behaviour (smoothing dips more than peaks) is, in the source’s view, a desirable feature.
Obviously, a wide peak or dip will show equal magnitude in both 1/12th (left) and 1/3rd (right) octave band analysis, hence the general shape of the response curve is still captured in 1/3rd octave response. Therefore, there might not be any need to adjust the frequency response masks if using option D also for wideband. TS 26.131 specifies the same mask for all sending responses (1/12th oct for handset/headset and 1/3rd oct for other handsfree cases).
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Figure 2 Obviously, a wide peak or dip will show equal magnitude in both 1/12th (left) and 1/3rd (right) octave band analysis, hence the general shape of the response curve is still captured in 1/3rd octave analysis
3. Conclusions
In the sources’ view, using a full octave analysis above 8 kHz is well motivated since we have to reuse test equipment originally not designed for this frequency range and because of position dependencies etc.

The second best option is using 1/3rd octave band analysis. The overall shape of the response curve will be the same as in 1/12th band resolution why a redesign of existing response masks might not be necessary.
Using 1/12th octave analysis has the disadvantage that narrow dips (not perceptually important and in some cases specific to the test setup/position) can make a UE fail the measurement. The designer might be forced to implement a filter with a peak to meet the response mask; such filter is obviously risky from a quality standpoint.
For this reason, among the compromise proposals in S4-140902, option D is our preference. This means using 1/3rd octaves for also handset and headset modes, in addition to desktop, vehicle and hand-held handsfree modes that are already drafted to use 1/3rd octave bands.

As a consequence, the usage of 1/3rd octave bands could potentially be extended to narrowband and wideband modes.  Due to time schedule and work item scope, such harmonization might be best done at a later time.
Appendix
The conversion from 1/12th to 1/3rd octave bands used previously in this contribution might be trivial to the reader but is nevertheless outlined here;
Let c represent the squared sensitivity of a flat response curve, as 10^(dB_value/10), in 1/12th octave bands.
When creating 1/3rd oct analysis data from 1/12th oct data, four adjacent bands need to be summed
:
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Let x represent the size of a peak or dip, as 10^(dB_gain/10), x >1.
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For large values of x, the last term will dominate the sum in the peak case, while in the dip case, the last term will have limited influence.
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Measure WB characteristics (as already defined in clause 8.4 of TS 26.132, in 1/12 or 1/3 octave bands depending on acoustic interfaces) and additionally measure the averaged signal level in 1-8 kHz and 8-16 kHz frequency bands (as proposed in S4-131276).


Measure SWB characteristics in 1/12 octave bands (as assumed in S4-140608).


It does not seem possible to reach consensus on neither Options A and B. In this contribution we list two additional options that may be considered:


Measure WB characteristics (as already defined in clause 8.4 of TS 26.132) and additionally measure frequency characteristics in the band 8-16 kHz in 1/3 octave bands


Measure SWB characteristics in 1/3 octave bands








� For a sensitivity measurement, a division with 4 will also be necessary but this is omitted here, for clarity and because the test system will in any case calculate band levels of the measured signal, before calculating the sensitivities.
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