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Background
The acoustic test methods in TS26.132 require that terminals be placed in strictly specified positions, e.g., handsets on HATS (see Clause 5.1) based on Recommendation ITU-T P.64 [1].  In turn, P.64 defines a standard handset position on HATS, intended to represent idealized typical usage.  Some recent additions, e.g. addition of Manufacturers Ear Cap Reference Position (MECRP), address contemporary physical acoustics designs of handsets and receivers.  However, not all users hold their terminals in the stereotypical standard position (even with MECRP offsets), and it is common for users to vary holding position throughout the duration of a call, particularly as call duration increases.

This variation in holding position can result in variation of transmission characteristics and quality in both receiving and sending directions.  The changes in physical acoustics at the user’s ear with changing relative position of the terminal can influence the received speech signal due to variations in coupling to the ear and acoustic load on the receiver.  In the sending direction, effectively directional microphones or multi-microphone arrays will have positional dependence that is more pronounced than more-traditional single omnidirectional microphones.
Illustrative examples: Sending
Some illustrative data on the impact in Sending direction of changes in holding position for handset usage are provided below.  These cases are for terminals in WB mode, but similar behaviour can be seen in NB operation.  The data consist of Sending sensitivity, measured at four positions:  standard (or nominal), 30°up from standard, 30° down from standard, and 30° out from standard.  Also plotted are changes from nominal for each position, with results normalized to the level at 1kHz.  Results from six recent WB terminals, all smartphones, are provided.
UE#1, single omnidirectional microphone
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Figure 1 Sending sensitivity vs position, UE#1
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Figure 2 Differences in sending sensitivity from nominal, UE#1
For this sample UE with one omnidirectional microphone, the differences with position are generally less than 6dB, implying that such would remain within the sending characteristic mask.
UE #2, two-microphone array
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Figure 3 Sending sensitivity vs position, UE#2
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Figure 4 Differences in sending sensitivity from nominal, UE#2
 For UE#2, the differences are similar to those for UE#1, but somewhat larger, and occur at lower frequencies.  UE#2 is somewhat larger than typical smartphones.

UE #3, two-microphone array
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Figure 5 Sending sensitivity vs position, UE#3
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Figure 6 Differences in sending sensitivity from nominal, UE#3
In this example, the differences from nominal are generally smaller than about 4dB.  This device is similar in size to UE#1.

UE #4, two-microphone array
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Figure 7 Sending sensitivity vs position, UE#4
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Figure 8 Differences in sending sensitivity from nominal, UE#4
In example #4, the differences can be large, close to 12dB.
UE #5, two-microphone array
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Figure 9 Sending sensitivity vs position, UE#5
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Figure 10 Differences in sending sensitivity from nominal, UE#5
The differences seen for UE#5 are approaching 15dB at 4.7kHz.

UE #6, two-microphone array
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Figure 11 Sending sensitivity vs position, UE#6
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Figure 12 Differences in sending sensitivity from nominal, UE#6

For UE#6, the differences again approach 15dB at about 3.6kHz.  Notable here is that the up position produced the largest differences from nominal, in contrast to the other samples where the largest differences were seen in the down position.

Proposal

It is proposed to include, as part of Study Item SEATS [2], an investigation of the robustness to position variation of Sending measures, including but not limited to Sending sensitivity.  The objectives are to further understand the range of performance variation of contemporary terminals and, if subsequently warranted, introduce proposed requirements for inclusion in TS26.131 and/or appropriate test specifications.
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