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1 Introduction
In previous SA4 meetings, the possibility of changing the sub-octave band division for handset frequency response was discussed.

In this contribution we discuss the impact of changing the existing 1/12 octave band division to a 1/3 octave. This discussion is focused on wideband terminals.
2 Qualitative comparison of 1/12 and 1/3 octave bands
For handset qualification, frequency response measurements are based on 1/12 octave bands in Send and Receive sides; they are stable and reproducible. This is especially fundamental for wideband measurements (as opposed to narrowband measurements), as the bandwith of each 1/3 octave becomes larger over 4 kHz – see Table 1 below.

Table 1: Center frequency for each 1/3 octave and 1/12 octave for wideband measurement:

	100 Hz
	92 Hz
	315 Hz
	290 Hz
	1000 Hz
	917 Hz
	3150 Hz
	2901 Hz

	
	97 Hz
	
	307 Hz
	
	972 Hz
	
	3073 Hz

	
	103 Hz
	
	325 Hz
	
	1029 Hz
	
	3255 Hz

	
	109 Hz
	
	345 Hz
	
	1090 Hz
	
	3447 Hz

	125 Hz
	115 Hz
	400 Hz
	365 Hz
	1250 Hz
	1155 Hz
	4000 Hz
	3652 Hz

	
	122 Hz
	
	387 Hz
	
	1223 Hz
	
	3868 Hz

	
	130 Hz
	
	410 Hz
	
	1296 Hz
	
	4097 Hz

	
	137 Hz
	
	434 Hz
	
	1372 Hz
	
	4340 Hz

	160 Hz
	145 Hz
	500 Hz
	460 Hz
	1600 Hz
	1454 Hz
	5000 Hz
	4597 Hz

	
	154 Hz
	
	487 Hz
	
	1540 Hz
	
	4870 Hz

	
	163 Hz
	
	516 Hz
	
	1631 Hz
	
	5158 Hz

	
	173 Hz
	
	546 Hz
	
	1728 Hz
	
	5464 Hz

	200 Hz
	183 Hz
	630 Hz
	579 Hz
	2000 Hz
	1830 Hz
	6300 Hz
	5788 Hz

	
	193 Hz
	
	613 Hz
	
	1939 Hz
	
	6131 Hz

	
	205 Hz
	
	649 Hz
	
	2053 Hz
	
	6494 Hz

	
	218 Hz
	
	688 Hz
	
	2175 Hz
	
	6879 Hz

	250 Hz
	230 Hz
	800 Hz
	729 Hz
	2500 Hz
	2304 Hz
	8000 Hz
	7286 Hz

	
	244 Hz
	
	772 Hz
	
	2441 Hz
	
	7718 Hz

	
	259 Hz
	
	818 Hz
	
	2585 Hz
	
	8175 Hz

	
	274 Hz
	
	866 Hz
	
	2738 Hz
	
	8659 Hz


In terms of bandwidth, the 1/3 octave band division is specified as follows:

 {100Hz} = [89Hz, 112Hz]

 {125Hz} = [112Hz, 141Hz]

 {160Hz} = [141Hz, 178Hz]

 {200Hz} = [178Hz, 224Hz]

 {250Hz} = [224Hz, 282Hz]

 {315Hz} = [282Hz, 355Hz]

 {400Hz} = [355Hz, 447Hz]

 {500Hz} = [447Hz, 562Hz]

 {630Hz} = [562Hz, 708Hz]

 {800Hz} = [708Hz, 891Hz]

{1000Hz} = [891Hz, 1122Hz]

{1250Hz} = [1122Hz, 1413Hz]

{1600Hz} = [1413Hz, 1780Hz]

{2000Hz} = [1780Hz, 2240Hz]

{2500Hz} = [2240Hz, 2820Hz]

{3150Hz} = [2820Hz, 3550Hz]

{4000Hz} = [3550Hz, 4469Hz]

{5000Hz} = [4469Hz, 5626Hz]

{6300Hz} = [5626Hz, 7082Hz]

{8000Hz} = [7082Hz, 8900Hz]

3 Examples of frequency responses for wideband handsets
The (receive) frequency responses of several wideband handsets were measured. We present in Figures 1 and 2 comparative results for 1/3 or 1/12 octave bands. Note that in these figures arbitrary offsets were used to separate frequency responses (given that requirement apply as floating masks).
In both Figures 1 and 2 no significant differences appear from below 1600 Hz comparing results in 1/3 or 1/12 octave bands.

However, over 1600 Hz, as the bandwidth of each 1/3 octave band becomes larger, the deviation compared to 1/12 octave measurement becomes important. The 1/3 octave precision is not sufficient to characterize a wideband frequency response: 1/3 octave curves exhibit the same behavior over 5kHz, with an offset compared to 1/12 curves. For this frequency range, the 1/3 octave curve is not representative of the behavior of the wideband terminal.
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Figure 1: Frequency responses (set 1).

[image: image2.png](A7 7
w\\\ \ /
I | i \
W
ORI





Figure 2: Frequency responses (set 2).

4 Discussion
Based on the previous analysis the following comments can be made:

· For the last 1/3 octave band (with center frequency 8kHz), the measurement does not represent the terminal acoustic frequency response, as the AMR-WB wideband codec and A/D and D/A converters have a frequency cutoff around 7 kHz. Therefore, in the upper band of the spectrum, the difference between narrow band and wide band is characterized by only two (2) values : the last but two 1/3 octave bands with respective center frequencies of 5000Hz and 6300Hz!
· On the contrary, if we consider 1/12 octave measurement, the difference between narrow band and wide band is characterized by nine (9) values, which are listed below in terms of corresponding center frequencies: 4597 Hz, 4870 Hz, 5158 Hz, 5464 Hz, 5788 Hz, 6131 Hz, 6494 Hz, 6879 Hz, 7286 Hz
3GPP SA4 already agreed to change in Rel10 the sub-octave band measurement to 1/3 octave in handheld hands-free mode; this can be justified as room effect is smoothed with 1/3 octave bands and the measurement is made in free field. However, in handset mode the measurement is made in near field.

Some rationale was provided in past 3GPP SA4 meetings to justify 1/3 octave bands – we provide below some related views:

· Need for filter equalization with 1/12 octave bands

Based on the results presented herein, it may be argued that designing a filter to equalize a 1/3 octave band frequency response could lead to amplify some artifacts.

· Interest of 1/3 octave bands for super-wideband measurements

It should be noted that ITU-T has decided to keep 1/12 octave bands for superwideband measurement. Moreover, moving to high frequencies implies that 1/3 octave becomes very large and reduce the measurement to a very limited amount of values.
It is important to note that all acoustic standards are based on 1/12 octave bands for handset measurements.
In case 1/3 octave bands were to be adopted, a revision of the related frequency response tolerances (masks) would be in any case necessary, and these masks would become tighter compared to the existing one to compensate for the smoothing inherent with 1/3 octave bands.

5 Conclusion
Based on the present contribution, the Source believes that it is important to keep the 1/12 Octave as measurement method. 
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