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1. Introduction
As noted in the contribution S4-110237 from Qualcomm [1], the current Ambient Noise Rejection test in [2] and [3] has major shortcomings, which will not be further reviewed here. Also as proposed in [1]. the SNRI method defined in [4] could be a viable alternative.  The contribution [1] provided a definition of test procedures, and first results, for an inter-lab ‘round robin’ test of the SNRI method.
In the following, we report on results obtained in the Audience test lab.  Test setup and methods follow those in [1], except where noted.  We expect that these results will be subsequently compared to those from [1], and also from other labs, as work proceeds on this topic.
2. Test setup and methods
The following is a list of the equipment and methods used by Audience in collection of recordings for use in this evaluation.
2.1 Recording equipment
Table 1 - Recording Equipment
	DAW Software:
	Adobe Audition 1.5

	Sound Card:
	Eidrol UA-101
+4dBu sensitivity setting, 48kHz sampling rate

	Microphone:
	Earthworks  M30BX pressure field microphone  for recording of noisy speech at MRP and Primary Mic of terminal under test

	Power Module:
	G.R.A.S. 12AA, +40dB gain, no HP filtering applied



We note that in both [1] and in this work, recordings of noisy speech were obtained both at MRP and at the primary mic of the terminal under test.  In both [1] and this contribution, results are reported for SNRI analysis of the recordings taken at MRP.  Subsequent analyses will include comparison of results for SNRI analysis on recordings taken at the DUT.
2.2 Playback Equipment
Table 2 - Playback Equipment
	DAW Software:
	Adobe Audition 1.5

	Sound Card:
	Eidrol UA-101 with +4dBu sensitivity setting, 48kHz sampling rate

	Loudspeakers:
	Behringer MS-20

	Loudspeaker EQ:
	Noise files pre-equalized using filters built in MATLAB

	HATS:
	Bruel & Kjaer 4128C Head and Torso Simulator

	HATS EQ:
	Speech files pre-equalized using filters built in MATLAB


2.3  Equalization
The equalization method used followed that described in [1], with the exceptions that the noise files were also pre-equalized rather than passed through a real-time equalizer, and that the pre-equalization filters for both noise and speech were generated and applied in MATLAB.
2.4 Network simulator settings
The network settings were consistent with those described in [1], with the exception that two phones were not able to be reliably placed in a call with the AMR codec.  Phones 0101 and 0018 were tested using GSM FR, as it was the only codec with which a stable call could be established.
2.5 Terminal volume control settings
As in [1], all measurements were performed with the noise suppression algorithm enabled, and the volume control positioned at the middle step on all devices.
2.6 Mounting of phones on handset positioner
The mounting of phones on the handset positioner consistent with that described in Section 4.7 of [1].
2.7 Digital audio workstation setup
The digital audio workstation (Adobe Audition 1.5) was used for playback and recording of the test signals.  As noted above, equalization of loudspeakers and the mouth simulator was performed offline.
The session format was set to 16000 * 32-bit mixing format, with audio format *.wav as in [1].  The contribution [1] notes that some files from ETSI EG 202 396-1 are provided in 48-kHz and some in 44.1-kHz sampling rate formats;  all were down-sampled to 16-kHz for equalization and use in the sequence.
 2.8 Speech files
The previous contribution [1] made use of two speech files. One based on a 12-sentence sequence currently under study in ITU-T Q6/12 [4], but modified to shorten the inter-sentence pauses so as to no longer fall in the ‘long pause’ category defined in G.160 [5].  The second was also based on the 12-sentence sequence from [4], but discarded 4 of the 12 sentences, maintaining the inter-sentence pause.  The goal of the shortened pauses was to increase the number of noise frames in the ‘short pause’ category, used in the computations of input and output SNR as components of the SNRI computation [5].
We note that due to the 33% reduction in sentences in the second speech sample relative to the first, any effect of increasing the number of short pause frames will be confounded with any effect due to the reduction of speech frames.  To address this concern, in the data we collected we have also included a third speech sequence, namely the 12-sentence sequence as originally proposed in [4].  We further note that additional guidance relative to the selection of speech has been proposed as Amendment 2 to G.160 [6].
2.9 Noise files
In addition to the noise files listed in [1], we have included uncorrelated pink noise (4 independent channels).  In conjunction with the speech in quiet, data from this test can be used to derive measures consistent with those described for the current ANR test in [2] and [3].
2.10 Prefilter
The G.160 algorithm requires that the speech samples be filtered “to become representative of a real cellular system frequency response.” [5, Section II.3].  Examples of such filters include the MSIN response [7]..  However, it is possible or even likely that the Sending response of a given terminal may differ from the MSIN.  An alternative is to use an estimate of the terminal’s Sending response as the prefilter [8].  While the results presented below are analyzed using the MSIN filter consistent with [1], it is noted that subsequent analyses will include the effect of applying a terminal-specific filter.
3.  Results
The following results were following the process defined in [1], wherein the initial 7.2s of the speech material (the first sentence) was discarded to allow for convergence of each noise suppression algorithm.  The MSIN filter was used.
Table 3 - SNRI results obtained with male_female_single-talk_seq_2_ANR.8k.wav
[image: ]
Table 4 - SNRI results obtained with male_female_single-talk_seq_ANR.8k.wav
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Table 5 - SNRI results obtained with male_female_single-talk_seq.8k.wav
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Figure 1 plots the SNRI values for the results listed in Tables 3 (12 sentences, shortened pauses) and 4 (8 sentences, original pauses) above as a function of the results shown in Table 5 (12 sentences, standard pauses, unchanged from [4]).
[image: ]
[bookmark: _Ref159390082]Figure 1 - Comparison of results with standard and shortened speech pauses
The effect of the shortened pause appears to be similar as reported in [1], namely that the SNRI scores are generally higher for the forced shortened speech pauses.  An alternative explanation to that presented in [1] is that, while the shortening of the pauses causes them to be categorized as ‘short pauses’, the net effect of this re-catgorization is to shift the basis of computation of SNR from the (very) short intra-word pauses to longer (but still ‘short’ per the current definition in G.160) intra-sentence pauses.  This makes the SNRI more closely related to the TNLR measure, which measures the reduction of noise in all noise frames.
4.  Conclusions
The results presented above were taken in the context of the round robin. Additional data from other labs will be needed to fully interpret these results.  However, some factors that should be considered separately from any inter-lab variation include:
· Choice of test signal, including inter-sentence pause duration
· Choice of prefilter
· Choice of acoustic reference point, MRP or primary mic of DUT
Subsequent analyses on these factors are in preparation, also for combination with analyses of results from additional labs.
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0018 0100 0101 0102 0103 0104 0105 0025 0027

1=Fullsize_Car1_130kmh_binaural 2.94 9.16 13.01 7.36 -3.16 5.03 3.97 6.88 8.80

2=Cafeteria_Noise_binaural 3.67 6.82 9.46 4.33 -4.80 0.91 0.02 1.53 2.59

3=Shopping Center_binaural 3.58 3.06 9.33 0.38 -2.90 1.64 1.15 2.19 3.85

4=Sports_Noise1_Indoor_Soccer_bin 3.55 4.43 11.34 1.51 -4.51 0.66 0.29 3.64 5.03

5=Sports_Noise1_Badminton_bin 3.11 -1.06 5.92 -0.25 -2.65 0.74 1.09 3.21 4.55

6=Traing_Station_binaural 5.00 8.02 11.26 5.99 -5.45 0.04 -0.06 1.68 5.38

7=Outside_Traffice_Road_binaural 3.80 9.82 11.72 7.87 -6.21 -0.70 -0.86 1.64 4.95

8=Midsize_Car2_130kmh_binaural 4.47 10.73 13.86 10.25 -3.80 4.33 3.61 6.79 9.96

9=Inside_Bus_Noise_binaural 4.01 10.16 13.11 10.85 -3.89 2.39 2.41 5.35 8.54

10=Living_Room_Noise_binaural 4.47 3.61 9.42 -0.77 -5.81 -1.52 -1.89 1.35 3.52

11=Pub_Noise_binaural_V2 2.97 10.16 13.66 8.68 -5.67 0.51 0.27 3.67 6.26

12=Mensa_binaural 3.53 3.50 10.92 0.54 -3.54 0.24 0.07 2.06 3.45

13=Kindergarten_Noise2_binaural 1.12 9.87 10.92 3.66 -9.43 -3.41 -4.28 2.44 0.35

14=Schoolyard_Noise2_binaural 2.40 5.86 10.32 4.67 -6.42 -0.12 -0.50 0.14 3.98

15=Male_Single_Voice_Distractor_bin 2.83 1.22 7.48 -2.73 -7.24 -4.36 -3.36 3.16 1.01

16=Pink Noise 1.24 10.50 12.21 7.39 -4.57 2.70 0.27 -0.42 4.08

AVERAGE 3.29 6.62 10.87 4.36 -5.00 0.57 0.14 2.83 4.77

SNRI scores

  12-sentence, original pauses
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1=Fullsize_Car1_130kmh_binaural 3.56 15.95 18.02 8.43 -3.88 1.28 4.89 4.89 11.26

2=Cafeteria_Noise_binaural 6.95 13.51 17.04 7.54 -5.83 -1.09 1.05 1.05 3.61

3=Shopping Center_binaural 6.93 11.04 14.75 1.89 -4.34 1.12 2.05 2.05 7.25

4=Sports_Noise1_Indoor_Soccer_bin 6.27 11.39 16.43 2.91 -6.54 -1.54 4.03 4.03 7.25

5=Sports_Noise1_Badminton_bin 4.01 3.27 11.79 -0.58 -5.83 -7.63 3.14 3.14 3.89

6=Traing_Station_binaural 8.25 16.84 15.76 7.78 -5.00 -0.13 0.27 0.27 5.82

7=Outside_Traffice_Road_binaural 9.67 14.56 13.42 9.54 -7.17 -1.75 1.31 1.31 5.19

8=Midsize_Car2_130kmh_binaural 7.02 13.66 16.48 10.66 -5.09 -0.30 6.28 6.28 10.10

9=Inside_Bus_Noise_binaural 7.73 13.48 15.86 12.37 -5.71 -2.09 6.21 6.21 8.41

10=Living_Room_Noise_binaural 12.38 10.92 15.02 0.42 -7.46 0.84 1.17 1.17 4.56

11=Pub_Noise_binaural_V2 9.28 15.39 16.03 10.60 -8.66 2.31 3.51 3.51 6.07

12=Mensa_binaural 10.32 10.65 16.06 1.97 -5.31 3.12 0.75 0.75 4.78

13=Kindergarten_Noise2_binaural 1.40 13.75 13.78 4.18 -11.45 -3.94 3.35 3.35 -1.04

14=Schoolyard_Noise2_binaural 2.48 14.34 14.16 5.18 -9.35 -0.39 -0.96 -0.96 2.53

15=Male_Single_Voice_Distractor_bin 3.80 6.17 11.71 -2.80 -10.56 -4.42 3.90 3.90 2.77

16=Pink Noise 1.45 17.63 14.28 8.59 -5.76 3.81 -0.81 -0.81 4.00

AVERAGE 6.34 12.66 15.04 5.54 -6.75 -0.67 2.51 2.51 5.40
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