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Introduction
3GPP TS 26.132 v11.0.0 introduces a new test method for assessing the sending direction performance in the presence of background noise. This contribution presents results of the application of the test method to two commercial narrowband UEs.
The contribution looks into the repeatability of the test method results with different HATS types, results of the binaural equalization method presented in ETSI EG 202 396 – 1, and influence of potential differences in noise level calibration to the results.
Test set-up
In accordance to 3GPP TS 26.132 v11.0.0, a background noise generation system was setup and calibrated according to the ETSI EG 202 396-1 v1.4.0 specification. This section details the characteristics of the room and test equipment used for the tests.
Room Dimensions

The room dimensions are slightly larger than the room dimensions recommended in the ETSI specification. The internal room dimensions are 3.8m x 4.4m and the internal ceiling height is 2.7m. The room floor and elevation plans are shown below
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Room Noise Floor

The equivalent acoustic level of the room and acquisition system noise floor was measured to be 25.6 dBSPL(A), i.e. within the requirements in ETSI EG 202.396.1.
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Room Reverberation Time

Initial reverberation measurements indicated a reverberation time of less than 0.2s. In order to increase the reverberation time to be in-line with the requirement in ETSI EG 202.396-1 (0.2s to 0.7s), the 4” absorber panels were removed. The reverberation time increased to around 0.25s: The figure below shows the reverberation time over frequency using each of the 4 speakers and an average over the multiple speakers.

[image: image4.emf]t/s





0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


f/Hz


240


300


400


500


600


800


1600


2400


3000


4000


5000


8000


FL


FR


RL


RR


AVG




t/s



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

f/Hz 240 300 400 500 600 800 1600 2400 3000 4000 5000 8000

FL

FR

RL

RR

AVG


Loudspeaker system and positioning
The loudspeaker system is composed of four Genelec 8240A active speakers, set at a distance of 2m from the HATS ears as illustrated in figure 2 of ETSI EG 202.396-1. In addition, a Genelec 7060B subwoofer is used. The position of the subwoofer was experimented in the room during the binaural equalization procedure and an optimal spot was found that minimizes the amount of equalization needed. A slight asymmetry in the loudspeaker placement is given as recommended in ETSI EG 202.396.1 v1.4.0. The height of the loudspeakers is adjusted so that it matches the height of the HATS HFRP.

Loudspeaker delays

The proposed delays from ETSI EG 202.396.1 v1.4.0 were added to each channel as follows: FL: 0ms; FR: 11ms; RL: 17ms; RR: 29ms. These delays are intended to improve the diffusiveness of the sound field.

Background noise generation system and equalization

The background noise generation software used is the HEAD Acoustics HAE-BGN which operates in conjunction with the MFE VI and PEQ V programmable equalizers.
Head and Torso Simulators

The tests were conducted with two different types of HATS, compliant to ITU-T P.57 and P.58 specifications:

· HEAD Acoustics HMS II.3 with HHP III handset positioner

· B&K 4128D with Type 4606 handset positioner

For each of the two types of HATS, a specific independent of direction equalization was used. Tests were conducted for both types of HATS
Binaural equalization procedure results

Use of different types of HATS
In order to investigate on the influence of the type of HATS used for the tests, the equalization procedure and tests were conducted with both types of HATS (HEAD Acoustics and B&K). Both choices of HATS produced adequate equalization results, i.e. compliant with the requirements established in ETSI EG 202.396.1 V1.4.0. This section presents the detailed configuration steps and calibration results for each type of HATS.

Binaural equalization results with HMS II.3
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With the current version of the HAE-BGN software, the equalization verification is done with four uncorrelated pink noise sources. The reproduction is flat within +/-3dB for the frequency range of 30Hz to 10kHz in accordance to ETSI EG 202.396.1 v1.4.0 as it can be seen from the plot below.
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However, it must be noted that ETSI EG 202.396.1 v1.4.0 indicates that the final verification is to be done with a “a stationary,realistic pre-recorded broadband background noise”. When the spectrum is verified with the realistic noise types, the equalization results depend on the type of noise being used and not always achieve the +/-3 dB tolerance depending on the noise types as seen in the figures below.
Car Noise spectrum verification with HA HATS (69.93 / 70.70)
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Road Noise spectrum verification with HA HATS (72.73 / 72.90)
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Pub Noise verification with HA HATS (71.92 / 71.57) [image: image11.emf]Pub Spectrum Difference
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Binaural equalization results with Type 4128D
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With the Type 4128D and the B&K ID equalization, the reproduction is also flat within +/-3dB for the frequency range of 50Hz to 10kHz.
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Although the verification results with realistic noise types look slightly better (especially for the road noise case), there is still strong dependence of the calibration accuracy on the noise type (e.g. car noise verification is not meeting the +/-3dB criteria)
Pub BK HATS (75.08 / 74.35 )
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Road BK HATS (75.88 / 74.99)
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Car BK HATS (70.17 / 70.73)
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For information, the following figures illustrate the coherence between the left and right channels for each of the noise types. Although the addition of delays can help, it cannot be expected that every noise type will be reproduced within the +/-3dB due to the correlation between left and right channels (and also between front and back reproduction).

Coherence between left and right channels for ROAD noise
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Coherence between left and right channels for PUB noise
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Coherence between left and right channels for CAR noise
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Test results with two modern mobile terminals

Tests according to 3GPP TS 26.132 v11.0.0 clause 7.12 were conducted with two modern smartphone devices. Both devices feature dual microphone noise suppression technology and have similar form factor and microphone placements but different noise suppression solutions.

The tests were repeated on both types of HATS (B&K and HEAD Acoustics). The handset positioner settings were carefully adjusted to provide equivalent positioning between both HATS types. For each HATS type a different binaural equalization was used corresponding to the equalizations described in the previous section. 

Results are presented in Table 1. It can be seen that the results are roughly repeatable between the two HATS types. Differences between individual noise types can reach +/- 0.2MOS and the difference in the average is at max +/- 0.1MOS. Depending on the HATS choice the difference in results when comparing devices can vary by 0.2MOS for the average and 0.3 for individual noise types.

An additional test has been conducted to verify the dependence of the scores  to the input SNR. For the typical range of SNRs of the tests conducted there is roughly 0.1 MOS degradation for each 1dB reduction in the input SNR.

[image: image22.png]New 3QUEST SMOS

4.5

3.5

2.5

1.5

S-MOS Performance with Pub Noise (babble)

"ol

-5

0 5 10
Input SNR at primary mic

15

20

—+—Device 2
——Device 1



[image: image23.png]New 3QUEST NMOS

4.5

3.5

2.5

1.5

N-MOS Performance with Pub Noise (babble)

Woal

-5

0 5 10
Input SNR at primary mic

20

—+—Device 2
——Device 1




In order to improve the repeatability of the test method, it appears that is important to improve the matching of the actual noise level between different HATS, lab environments and each noise type. The source therefore proposes an investigation into the following procedures in addition to the current verification steps in EG 202.396.1 v1.4.0:
· A fine adjustment of the noise levels at MRP for each of the noise types in 3GPP TS 26.132

· Inclusion in 3GPP TS 26.132 of “reference” S-MOS and N-MOS scores for each noise type. These “reference” scores would correspond to the processing of a microphone located at MRP (such that the processed and unprocessed signals are the same). Laboratories can then fine tune their setups to achieve the “reference” S-MOS and N-MOS scores.
Table 1 Results of tests according to 3GPP TS 26.132 v11.0.0 clause 7.12

	DEVICE 1
	N-MOS (average)
	S-MOS (average)
	G-MOS (average)

	
	Type 4128D
	HMS II.3
	Type 4128D
	HMS II.3
	Type 4128D
	HMS II.3

	
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV

	Pub Noise binaural V2
	2.8
	0.2
	2.9
	0.2
	3.6
	0.6
	3.8
	0.5
	3.1
	0.5
	3.3
	0.4

	Outside Traffic Road binaural
	2.7
	0.2
	2.8
	0.2
	3.4
	0.5
	3.6
	0.6
	2.9
	0.5
	3.1
	0.6

	Outside Traffic Crossroads binaural
	3.3
	0.3
	3.4
	0.4
	3.8
	0.6
	3.8
	0.6
	3.5
	0.6
	3.5
	0.6

	Train Station binaural
	3.1
	0.4
	3.2
	0.5
	3.7
	0.5
	3.8
	0.6
	3.3
	0.5
	3.4
	0.6

	Fullsize Car1 130Kmh Binaural
	3.6
	0.4
	3.6
	0.3
	4.0
	0.5
	4.0
	0.5
	3.7
	0.5
	3.7
	0.5

	Cafeteria Noise Binaural
	3.3
	0.3
	3.5
	0.3
	4.0
	0.5
	4.1
	0.5
	3.6
	0.5
	3.8
	0.5

	Mensa Binaural
	3.5
	0.4
	3.7
	0.4
	4.1
	0.5
	4.2
	0.4
	3.8
	0.5
	3.9
	0.4

	Work Noise Office Callcenter binaural
	3.9
	0.4
	4.0
	0.4
	4.2
	0.4
	4.3
	0.4
	4.0
	0.4
	4.1
	0.4

	AVERAGE
	3.3
	0.3
	3.4
	0.3
	3.8
	0.5
	3.9
	0.5
	3.5
	0.5
	3.6
	0.5

	
	
	
	
	
	
	
	
	
	
	
	
	

	DEVICE 2
	N-MOS (average)
	S-MOS (average)
	G-MOS (average)

	
	Type 4128D
	HMS II.3
	Type 4128D
	HMS II.3
	Type 4128D
	HMS II.3

	
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV
	MEAN
	STDEV

	Pub Noise binaural V2
	3.7
	0.3
	3.6
	0.2
	3.8
	0.4
	3.9
	0.4
	3.6
	0.3
	3.6
	0.3

	Outside Traffic Road binaural
	3.9
	0.3
	3.8
	0.3
	3.7
	0.4
	3.8
	0.4
	3.6
	0.3
	3.6
	0.3

	Outside Traffic Crossroads binaural
	4.3
	0.4
	4.2
	0.4
	4.0
	0.4
	4.1
	0.4
	3.9
	0.4
	3.9
	0.3

	Train Station binaural
	4.2
	0.4
	4.1
	0.4
	4.0
	0.3
	4.1
	0.3
	3.9
	0.3
	3.9
	0.4

	Fullsize Car1 130Kmh Binaural
	4.4
	0.4
	4.3
	0.4
	4.2
	0.2
	4.2
	0.4
	4.0
	0.2
	4.0
	0.3

	Cafeteria Noise Binaural
	4.2
	0.4
	4.2
	0.4
	4.2
	0.2
	4.2
	0.3
	4.0
	0.2
	4.0
	0.3

	Mensa Binaural
	4.4
	0.4
	4.3
	0.4
	4.3
	0.2
	4.3
	0.3
	4.1
	0.2
	4.2
	0.3

	Work Noise Office Callcenter binaural
	4.5
	0.4
	4.4
	0.4
	4.4
	0.1
	4.4
	0.2
	4.3
	0.1
	4.3
	0.3

	AVERAGE
	4.2
	0.4
	4.1
	0.4
	4.1
	0.3
	4.1
	0.3
	3.9
	0.3
	3.9
	0.2


Conclusion
The results in this contribution appear to support the repeatability of the results of the test method in 3GPP TS 26.132 v11.0.0 clause 7.12. Differences of up to 0.2 MOS for individual noise types and 0.1 MOS on average were observed within the same room but with different HATS types and equalization.

The differences may be partly due to the fact that the equalization procedure performed did not guarantee reproduction of the spectrum within +/-3dB for each noise type. More study needs to be conducted to verify the repeatability of the test methods between different acoustic environments.

It is proposed to conduct an investigation into the benefits of doing an extra level calibration for each noise type and to adopt “reference” S-MOS and N-MOS scores corresponding to the unprocessed signal at MRP as a means to ensure proper reproducibility of scores between labs.

It is further proposed to indicate the expected variation in scores for the measurement on a further update of TS 26.132
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