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1 [bookmark: _Toc500433706][bookmark: _Toc505116233]Introduction

One objective for the RAOT work item [1] is:
“Develop and specify a test method for receive acoustic output, or minimum receive loudness rating RLR, in the presence of background noise.”

The present document addresses this objective.

The document covers two alternatives, one basic method and one slightly more advanced where time-domain noise cancelling as described in [2] is used to minimize errors in the RLR calculation.
2 [bookmark: _Toc505116234]Test method

2.1 [bookmark: _Toc505116235]Suitable background noise condition for the test

It is suggested to

· Select one high-SPL but realistic real-noise condition, to trigger potential ambient noise-dependent receive level adaptation in the UE.
· Reuse a background noise playback method already available in TS 26.132, hence either the 4.1-channel method in ETSI ES 202 396-1 or the 8-channel method in ETSI TS 103 224. The actual sound file should be taken from the available corpus of these standards.
· Use the “new material” where the same recording condition is available both as binaural and 8-channel conditions. Both playback systems could potentially be tolerated.

One scenario that fulfils these criteria is “Pub Noise (Pub) HATS and microphone array in a pub 30 s”

Table 1 Levels from the specifications, for “Pub Noise (Pub)”
	Binaural level [dB(A)]
	77,7; 76,2

	8-ch level [dB(A)]
	77,2; 76,6; 75,7; 76,0; 76,0; 76,3; 76,0; 76,4



It is suggested to use this for the RAOT testing.
2.2 [bookmark: _Toc505116236]Test sequence
2.2.1 [bookmark: _Toc505116237]Alternative 1

It is suggested to, after setting the UE at max volume control:

1. Start background noise (looped throughout the complete test)
2. Apply conditioning (see below)
3. Execute the RLR test case as already specified in TS 26.132
4. Calculate RLR over the relevant time window, as already specified in TS 26.132

2.2.2 [bookmark: _Toc505116238]Alternative 2

In case time-domain subtraction of background noise is used:

· Run the complete sequence as in alternative 1 above, save the recorded time data (file1).
· Run the complete sequence as in alternative 1 once more but with downlink speech muted during part 3, save the recorded time data (file2).
· Subtract the samples in time domain (file1-file2)
· Calculate RLR over the relevant time window, as already specified in TS 26.132

See also 3.3, 3.4 and the “TNC” method in [2].

2.2.3 [bookmark: _Toc505116239]Conditioning

The conditioning part should consist of background noise and background noise + speech.

Suggestion, using British English conditioning files from ITU-T P.501:

Part 1: FB_female_conditioning_seq_short.wav (the leading silence is 5 s)
Part 2: silence (1 sec)
Part 3: 	FB_male_conditioning_seq_short.wav (remove trailing silence after 5s))

Total time 16 s.
[image: ]
Figure 1 Suggested conditioning signal (black) prior to existing RLR measurement signal (grey)

3 [bookmark: _Toc505116240]Appendix
3.1 [bookmark: _Toc505116241]For alternative 1, is there any risk for incorrect RLR measurement due to the background noise leaking into the ear?

To answer this question, a normal RLR (wideband) test case was edited to allow synchronized playback of background noise. No noise cancelling technique was used for this experiment.

The “contamination” that the background noise introduces into the RLR measurement was measured. A phone which did not feature any noise-dependent gain was measured without and with background noise. The phone was tuned to have an RLR slightly over and under the limit of -13 dB RLR. 

[bookmark: _Ref500858036]Table 2 Effect of background noise on RLR, TS 103 224 system used
	
	Standard condition (silent lab)
	With “Pub noise”

	Max volume control
	-15.96
	-16.09

	Reduced volume control
	-11.32
	-11.77



The effect of the background noise was small. Nevertheless, a more detailed analysis was conducted:


Background noise playback systems according to TS 103 224 (8-channel) and EG 202 396-1 (binaural recording, 4.1 channel playback) were used.

Five high-level background noises were played during a normal RLR measurement for four conditions (note that no speech was included):
· No phone attached to HATS, TS 103 224
· No phone attached to HATS, EG 202 396-1
· Phone attached to HATS ear, no call set up, TS 103 224
· Phone attached to HATS ear, call set up so that the sidetone path was enabled, but no signal fed into the receive direction, TS 103 224
In all cases, there was sufficient margin to the -13 dB value.
[image: ]
Figure 2 RLR values from background noises (no speech applied)
Table 3 RLR values from background noises (no speech applied). “396” indicates usage of EG 202 396-1 background noise playback system, otherwise TS 103 224 was used.)
	8.67
	Roadnoise
	no phone

	2.64
	Pub
	no phone

	7.44
	Inside_bus
	no phone

	8.49
	Crossroads
	no phone

	9.45
	Fullsize_car
	no phone

	9.29
	Roadnoise396
	no phone

	3.59
	Pub396
	no phone

	9.43
	InsideBus396
	no phone

	9.70
	Crossroads396
	no phone

	11.12
	Fullsize_car_396
	no phone

	6.45
	Roadnoise
	with phone

	0.72
	Pub
	with phone

	5.71
	Inside_bus
	with phone

	6.75
	Crossroads
	with phone

	7.71
	Fullsize_car
	with phone

	6.40
	Roadnoise
	with sidetone

	0.73
	Pub
	with sidetone

	5.77
	Inside_bus
	with sidetone

	6.75
	Crossroads
	with sidetone

	7.70
	Fullsize_car
	with sidetone



[image: ]
[bookmark: _Ref504487141]Figure 3 Background noise effect per 1/3rd octave band, for the both background noise methods, no phone applied to HATS (plus sensitivity for a phone close to -13 dB for reference). The plots are normal RLR sensitivity measurement plots, showing the acoustic level at ERP divided by the speech level at POI (hence the background noise curves lots indicate the noise spectrum minus the stimulus speech spectrum).
[image: ]
[bookmark: _Ref500858867]Figure 4 Background noise effect per 1/3rd octave band, for the both background noise methods, phone applied to HATS, (plus sensitivity for a phone close to -13 dB for reference). The plots are normal RLR sensitivity measurement plots, showing the acoustic level at ERP divided by the speech level at POI (hence the background noise curves lots indicate the noise spectrum minus the stimulus speech spectrum).
[image: ]
Figure 5 As Figure 4, but with only the proposed Pub noise, for clarity.

Phone info: fairly large smartphone which does not apply noise dependent boost in the receive direction, tuned to RLR -16 dB at maximum volume.
Mounting: B&K 4128 type 3.3 soft ear, endstop 15 mm, standard HATS angles, 8 N.



[image: ]
Figure 6 Weighting factors for wideband RLR (P.79 Annex A Table A.2 WR), plotted in dB (inverted) and in the “summation domain” as 10^(0.1m(-WR)) per P.79 formula 5-1. This plot is added to give context to Figure 3 and Figure 4, especially to high-light that contributions at low frequencies are not emphasized in the RLR calculation.

3.2 [bookmark: _Toc505116242]Simple theoretical signal-to-noise estimation

We first assume that the diffuse-field corrected receive frequency response is flat. We can then calculate the sound pressure level, from the speech:

RLRwb = -13 dB ‑> DF-sensitivity is 19.7 dBPa/V (assume flat at diffuse-field and convert to ERP for RLR calculation). The speech level at POI is -16 dBm0 ‑> ‑18.2 dBV. The level is ‑18.2+19.7=1.5 dBPa which is 95.5 dBSPL, un-weighted.

We then assume that the background noise and the speech has the same spectral shape between 100 and 8000 Hz (at least for babble noise this could be a reasonable assumption). If we tolerate a “contamination” of the measurement by 0.2 dB, the background noise should be at least 13.3 dB below the speech. So, background noises up to 95.5-13.3=82.2 dBSPL (100-8000 Hz un-weighted), could be accommodated.

In practice, one might want to apply some margin, due to the simple model. Selecting the Pub noise at ~77 dB(A) yielded a “contamination” of about 0.4 dB at RLR ‑13 dB, in this experiment, see Table 2.

There may also be an effect of sidetone, (see classical ITU-T measure LSTR, listener sidetone rating). However, to the extent that the sidetone path increases the background noise level at the ear, it is reasonable that it is included in the test result as it will contribute to the dose. For the tested phone, there was no such effect, as can be seen in Figure 4.


3.3 [bookmark: _Ref505116174][bookmark: _Toc505116243]Alternative 2 – time domain noise cancellation of the recorded signal from the test

In offline discussions it has been suggested to use time-domain subtraction of the background noise. The test is run one extra time with the downlink signal muted. The recorded noise is used to cancel out the background noise, before calculating RLR. Due to sample-tight synchronization of the test equipment we already use, this works very well in practice.

In the figures below, it is shown to what extent the background noise “pollutes” the RLR measurement. In both cases, the time-domain noise cancellation works as intended. A phone without level-dependent gain was used, to be able to compare the noise-cancelled result to the “ground thruth”.

[image: ]
Figure 7 Example of RLR = -14.8, speech in silence (blue), pub noise (red), speech and pub noise (yellow), noise-cancelled speech (purple). The purple curve follows the blue curve. The plots are normal RLR sensitivity measurement plots, showing the acoustic level at ERP divided by the speech level at POI (hence the background noise curves lots indicate the noise spectrum minus the stimulus speech spectrum).
[image: ]
Figure 8 Example of RLR = -1.9 dB (reduced volume control), speech in silence (blue), pub noise (red), speech and pub noise (yellow), noise-cancelled speech (purple). The purple curve follows the blue curve. The plots are normal RLR sensitivity measurement plots, showing the acoustic level at ERP divided by the speech level at POI (hence the background noise curves lots indicate the noise spectrum minus the stimulus speech spectrum).

Table 4 For lower levels (higher RLR:s), the noise cancellation is necessary to keep errors under control. In this case an error of 2.2 dB was reduced to 0.05 dB, for the second column
	
	RLRwb
	RLRwb

	Speech (in silence)
	-14.85 dB
	-1.89 dB

	Noise only
	0.87 dB
	0.89 dB

	Speech + noise
	-15.08 dB
	-4.11 dB

	Noise-cancelled speech
	-14.81 dB
	-1.94 dB




3.4 [bookmark: _Ref505002935][bookmark: _Toc505116244]Conclusions

The current RLR test method can be reused also for noisy conditions, by just adding background noise playback and adding a conditioning sequence. However, RLR errors up to ~0.5 dB may be expected for devices around RLR -13 dB.

In offline discussions it has been suggested to use time-domain subtraction of the background noise. The benefit is increased accuracy, better diagnostics and a wider range of RLR values that can be covered. The test time is then doubled from ~52 s to ~104 s.
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