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1. Introduction

Work item ATeMPO-SPINE [1] has objectives to:
1. Appropriate test position(s).
2. Adequate reproducibility and repeatability of results for the test position(s).
3. Noise scenarios and speech signals that are representative of speakerphone usage.
4. Appropriate performance objectives.
The intent of this contribution is to provide input for discussion on objective 3, noise scenarios that are representative of speakerphone usage.  Data are presented on the user experience of listening to speech from handheld speakerphones in noise.
2. Methods
2.1. Devices
Several recent commercially available UEs were obtained, and the receiving characteristics in quiet were measured in wideband following relevant clauses in TS 26.132 [2].  These results are summarized in Table 1 and Figure 1.
	UE code
	RLR

	A
	5.0

	 B
	5.5

	C
	3.2

	D
	3.3


Table 1 RLR at maximum volume
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Figure 1 Receiving characteristics at maximum volume
2.2.  Background noise simulation
The background noise generation method of ETSI TS 103 224 [3] was used for noise reproduction.  The HATS was placed in the center of the 8-speaker array, and the handset calibration procedure was used, so that the noise field was most accurate in the vicinity of the HATS.  The UEs were placed in the handheld speakerphone test position, directly in front of HATS.  The handset noise recordings from [3] specified in Table 2 were used. 
	#
	Name
	Description
	Length
	Handset Levels
	Hands-free Levels

	
	Inside Car Noise

	1
	Full-size car 80 km/h (FullSizeCar_80)
	HATS and microphone array at co-drivers position
	30 s
	1: 59,3 dB 2: 60,0 dB 3: 59,6 dB 4: 60,1 dB 5: 60,7 dB 6: 61,4 dB 7: 61,6 dB 8: 62,3 dB
	1: 60,8 dB 2: 59,9 dB 3: 59,5 dB 4: 59,6 dB 6: 60,8 dB 5: 61,0 dB 7: 60,4 dB 8: 60,1 dB

	2
	Full-size car 130 km/h (FullSizeCar_130)
	HATS and microphone array at co-drivers position
	30 s
	1: 67,3 dB 2: 68,1 dB 3: 67,8 dB 4: 68,3 dB 5: 68,9 dB 6: 69,5 dB 7: 69,8 dB 8: 70,3 dB
	1: 68,9 dB 2: 68,2 dB 3: 67,8 dB 4: 67,9 dB 5: 69,3 dB 6: 69,3 dB 7: 68,7 dB 8: 68,6 dB

	
	Outside Traffic Street Noise

	3
	Roadnoise (Roadnoise)
	HATS and microphone array standing outside near a road
	30 s
	1: 71,3 dB 2: 71,2 dB 3: 70,6 dB 4: 71,3 dB 5: 70,7 dB 6: 71,7 dB 7: 71,6 dB 8: 72,0 dB 
	1: 68,6 dB 2: 69,5 dB 3: 69,5 dB 4: 69,6 dB 5: 70,4 dB 6: 70,5 dB 7: 69,5 dB 8: 69,3 dB 

	4
	Crossroadnoise (Crossroadnoise)
	HATS and microphone array standing outside near a crossroad
	30 s
	1: 69,1 dB 2: 69,8 dB 3: 69,1 dB 4: 69,9 dB 5: 69,2 dB 6: 70,0 dB 7: 69,9 dB 8: 69,7 dB 
	1: 68,8 dB 2: 68,6 dB 3: 68,4 dB 4: 68,6 dB 5: 69,4 dB 6: 69,4 dB 7: 68,5 dB 8: 68,1 dB 

	
	Public Places Noise

	5
	Cafeteria (Cafeteria)
	HATS and microphone array inside a cafeteria
	30 s
	1: 68,9 dB 2: 69,9 dB 3: 69,1 dB 4: 69,6 dB 5: 69,5 dB 6: 69,8 dB 7: 69,5 dB 8: 69,5 dB 
	1: 68,3 dB 2: 69,1 dB 3: 68,8 dB 4: 68,9 dB 5: 69,7 dB 6: 69,6 dB 7: 68,9 dB 8: 68,8 dB 

	6
	Pub Noise (Pub)
	HATS and microphone array in a pub
	30 s
	1: 76,0 dB 2: 76,3 dB 3: 74,5 dB 4: 74,7 dB 5: 74,7 dB 6: 75,1 dB 7: 74,8 dB 8: 74,7 dB
	1: 74,3 dB 2: 74,2 dB 3: 73,9 dB 4: 73,9 dB 5: 74,7 dB 6: 74,8 dB 7: 73,8 dB 8: 73,6 dB

	6
	Sales Counter (SalesCounter)
	HATS and microphone array in a supermarket
	30 s
	1: 65,3 dB 2: 65,9 dB 3: 64,5 dB 4: 65,2 dB 5: 65,1 dB 6: 65,7 dB 7: 65,5 dB 8: 65,4 dB 
	1: 64,5 dB 2: 64,4 dB 3: 64,2 dB 4: 64,4 dB 5: 65,5 dB 6: 65,2 dB 7: 64,1 dB 8: 63,8 dB 

	
	Workplace Noise

	8
	Callcenter 2 (Callcenter)
	HATS and microphone array in business office
	30 s
	1: 59,0 dB 2: 59,8 dB 3: 58,9 dB 4: 59,6 dB 5: 59,1 dB 6: 59,4 dB 7: 59,0 dB 8: 59,0 dB
	1: 58,5 dB 2: 58,5 dB 3: 58,5 dB 4: 58,5 dB 5: 59,4 dB 6: 59,3 dB 7: 58,4 dB 8: 58,2 dB


Table 2 Noises from [3] used in measurements

2.3. Speech material

Two sets of speech material were prepared, one with recordings of two male and two female talkers speaking word lists from P.INTELL [4], and one with recordings of the same two male and two female talkers speaking Harvard/IEEE sentences, intended for use in P.800 [5] ACR MOS listening tests.   High-quality full-band recordings of P.INTELL and P.800 speech material were provided by Dynastat.
2.4. Recording method
The speech material, filtered to wideband according to Clause 5.4 of [2], and set to the nominal level of -16dBm0, was played to the UEs, which themselves were set to maximum volume control setting. Binaural recordings made from the HATS two ears, with free-field equalization applied.  Recording conditions included quiet, and the eight noise types from Table 2.
2.5.  Listening tests

Two sets of listening tests were conducted, one set of intelligibility tests following P.INTELL [4], and one set of subjective rating of listening quality, MOS-LQSw, and listening effort, MOS-LESw, following P.800 [5].

2.5.1. P.INTELL methods
P.INTELL listening tests were conducted by Dynastat.  Different panels were used for the P.INTELL and the P.800 tests.  For P.INTELL, 24 listeners provided 128 scores for each word in the 96 pairs.  
The conditions tested for P.INTELL were limited to two UEs, A and B, and a subset of noise types.  The devices were selected to be two least loud, based on RLRmax in quiet (Table 1).  The background conditions included quiet, as a baseline, and three noise types.  The noise selection was based on expert listening.  As carrier phrases were not used, due to time constraints, the loudest noises were excluded.  Table 3 lists the background conditions for the P.INTELL test.

	Noise type
	Level at HATS [dB SPL (A)]

	Quiet
	22

	Full_size Car 80
	62

	Full_size Car 130
	70

	Sales Counter
	67


Table 3 Background noise conditions for P.INTELL test
2.5.2. P.800 methods
P.800 listening tests were conducted by Audience. For P.800, 32 listeners provided 128 votes for each of the ratings.  For P.800, the MOS-LQSw and MOS-LESw tests were run in blocks, with order of blocks counter-balanced across panels.
The scales used for the MOS-LQSw and MOS-LESw followed P.800 [5], and are shown in Table 4.

	MOS-LQS scale
	Score
	
	MOS-LES scale
	Score

	Excellent
	5
	
	Complete relaxation possible; no effort required
	5

	Good
	4
	
	Attention necessary; no appreciable effort required
	4

	Fair
	3
	
	Moderate effort required
	3

	Poor
	2
	
	Considerable effort required
	2

	Bad
	1
	
	No meaning understood with any feasible effort
	1


Table 4 P.800 scales for subjective LQ and LE
For P.800, all four UEs were rated, for conditions including quiet and the eight noise conditions in Table 1.

3. Results
3.1.  P.INTELL results

Results for the P.INTELL test for two UEs and four conditions are shown in Figure 2, with error bars indicating the 95% confidence intervals for the intelligibility scores.
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Figure 2 P.INTELL results
These results show that devices with similar performance in quiet can have diverging performance with background noise.  This information is intended to provide some insight into the range of intelligibility of speakerphone in noise that can be achieved with current devices, and to provide an objective comparison to the subjective ratings of P.800 provided in the next section.
3.2. P.800 results
Results for Listening Quality (MOS-LQSw) and Listening Effort (MOS-LESw) for four devices, and for listening conditions (quiet and the eight noise conditions from Table 2) are shown in Figures 3 and 4 respectively.  

For these scores, 32 participants gave 128 votes (4 sentence pairs per participant) for each condition, in both Quality and Effort.  Scales were held consistent within sessions, but were counter-balanced in order (i.e., Quality then Effort; Effort then Quality) across panels of 8 listeners. Error bars show 95% confidence intervals
Comparing Figures 3 and 4, it can be seen that the trends are, not unexpectedly, quite similar.  Both MOS-LQSw and MOS-LESw span a range from above 4 to about 1.5.  
In general, also not unexpectedly, the MOS-LESw ratings are somewhat higher than the MOS-LQSw ratings for the same condition.

Also note that the devices A and B, for which intelligibility results are available in Section 3.1 above, generally tend to have among the highest and lowest subjective ratings, respectively.

The minimum intelligibility score, of about 75% for Device B in Sales Counter noise, results in a subjective effort rating of about 3, “moderate effort required.”
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Figure 3 MOS-LQSw for four devices and nine listening conditions
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Figure 4 MOS-LESw for four devices and nine listening conditions
Note that for all four devices, the MOS-LESw ratings for Pub fall below 2, or more than “Considerable effort” required, whereas those for all other devices and conditions exceed 2.
4. Proposal
In considering conditions that are representative of speakerphone usage in noise, two points are assumed:
1.  The listener has made the choice to listen to the speakerphone in noise, so listening quality is not paramount.  If listening quality were the dominant factor, then it is likely that the listener would make a different choice:  use handset mode, or move to a location without noise.

2. In order to conduct a conversation, the listener must be able to understand their calling partner.  While the intelligibility results do not extend down to the lowest ranges, they do extend into the range where effort ratings are “moderate” to “considerable”.
Based on these results, and the above two operating assumptions, the source proposes to exclude from ATeMPO-SPINE candidate test conditions those noises for which intelligibility is poor, or for which Listening Effort ratings are less than 2 “Considerable effort required”. 

For the UEs and noise types tested here, this would result in excluding the Pub noise type*, at the measured level.  All other noises tested here would be allowed for ATeMPO-SPINE testing.

*Note that the Pub noise in ETSI ES 202 396-1 is about 3 dB less loud than the Pub noise in ETSI TS 103 224.  Since one can assume that Pubs vary a bit in their noise level, adjusting the Pub noise type to a point where intelligibility is not extremely low could be another way forward.
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