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Introduction
The eUET work item [1] was approved at SA#96 with the objectives, among other things, to update several clauses in 3GPP TS 26.131 [2] on sensitivity/frequency characteristics in sending and receiving for Headset UE, Desktop UE and vehicle-mounted hands-free UE. Several missing frequency masks in SWB will be defined, including a possible review of the related test methods in 3GPP TS 26.132 [3].
An initial test series was conducted for desktop hands-free UE in SWB mode to investigate the performance that can be achieved by such devices. The measurement results can be used to define tolerance masks for the frequency responses that are under study in this work item.
Test setup
The test setup for the measurement series according to clause 5.1.3.2 of TS 26.132 [3] was used, which is mainly provides references to the measurement specifications ETSI TS 103 738/740 [4] for hands-free terminals. In contrast to other types of UE with acoustical interface, a test table is introduced into the setup and affects the acoustic pathes. Figure 1 depicts the positioning of HATS, terminal and the table.
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	[bookmark: _Ref111043913]Figure 1: Setup for desktop hands-free from side (left) and top (right) view (from [4])



Devices
Desktop hands-free (DHF) UE is not a very common use case. When introducing this type of UE, it was most likely intended to address stand-alone hands-free/group audio terminals, which had direct network access to voice services, i.e., needed a dedicated SIM card in the device. At least today, this class of devices are very rare (or do not even exist), but there are two different options that are used more often:
1. Mobile phone is configured in hands-free mode, but in contrast to handheld hands-free mode, it is placed on a table/desktop.
2. External devices providing microphone(s) and loudspeaker(s) is connected via electrical interface of a mobile phone. This is related to headset UE, where the combination of a mobile phone and external equipment are regarded as a dedicated type of UE.

Both configurations were evaluated in the measurement series. The mobile phones according to Table 1 were used for the VoLTE connection to the network simulator and the acoustic test equipment. As device under test (DUT), each mobile phone was either used stand-alone in speakerphone mode or with externally connected hands-free equipment (HFE) provided in Table 2.
[bookmark: _Ref78461807]Table 1: Mobile phones evaluated in test series
	Mobile Phone ID
	Year of release

	1
	2014

	2
	2021

	3
	2019



[bookmark: _Ref110949333]Table 2: Hands-free equipment evaluated in test series
	HFE ID
	El. Interface
	Form factor
	Playback

	1
	USB
	Small (10 cm x 10 cm)
	Mono

	2
	USB
	Medium (19 cm x 19 cm)
	Mono

	3
	USB
	Medium/triangular shape (2 x 19 cm + 23 cm)
	Stereo

	4
	USB
	Large (36 cm x 18 cm)
	Stereo



For each combination of mobile phone and hands-free equipment, a unique identifier (ID) for each DUT is used:
	DUT[mobile phone ID]-[hands-free equipment ID]
With:
[mobile phone ID]				Mobile phone ID according to Table 1.
[hands-free equipment ID]		Hands-free equipment ID according to Table 2. If mobile phone is used in hands-free mode without external equipment, this ID is set to 0.
This leads to identifiers like e.g., DUT1-0, DUT2-1, etc.; note that not all possible combinations could be tested due to time constraints. All mobile phones and external equipment used are commercially available devices, but none of the combinations were explicitly intended to be used with each other as a bundle (as it is common for headsets, which are often included with mobile phones). All HFE devices should in general be send/receive fullband speech signals, as no limitation was provided in the data sheets and all devices can operate at multiple sampling rates up to 48 kHz.
In addition, two reference DUTs according to Table 3 were included in the evaluation as well. These are simply passive analogue loudspeakers, which were equalized and calibrated at 10 cm and in the abscense of the table setup. These "devices" are only used in receive direction and should illustrate the impact of the table surface on the frequency response. The fixed level was calibrated to meet the requirement range of RLR (5 +/- 4 dB) as per clause 7.2.3 of [2].
[bookmark: _Ref110950031]Table 3: Reference DUTs used in test series
	DUT ID
	Description

	REF-LS1
	Medium analogue loudspeaker

	REF-LS2
	Small analogue loudspeaker




Results
SND
The measurement results for sending frequency response (SFR) are provided in Figure 2 to Figure 6 for each HFE and across the different mobile phones used. To provide a rough estimate of the performance, the tolerance mask from DHF in WB mode (clause 6.4.3 of [2]) is shown for reference.
[image: ]
[bookmark: _Ref111043927]Figure 2: SFR for mobile phones used in DHF mode without additional HFE

[bookmark: _Hlk111043661][image: ]
Figure 3: SFR for mobile phones used in DHF mode in combination with HFE1

[image: ]
Figure 4: SFR for mobile phones used in DHF mode in combination with HFE2

[image: ]
Figure 5: SFR for mobile phones used in DHF mode in combination with HFE3

[image: ]
[bookmark: _Ref111043917]Figure 6: SFR for mobile phones used in DHF mode in combination with HFE4

For reference and to supplement the SFRs, measurement results for sending loudness rating (SLR) are provided in Table 4 for each evaluated combination of phone and HFE. The requirement range of SLR as per clause 7.2.3 of [2] is 13 dB +/- 4 dB.

	HFE
	0
	1
	2
	3
	4

	Phone
	
	
	
	
	

	DUT1
	9.1
	4.6
	23.8
	
	

	DUT2
	11.1
	-0.7
	6
	-2
	-0.5

	DUT3
	9.8
	12
	5
	
	-1.2


[bookmark: _Ref111048384]Table 4: SLR (in dB) for combinations of mobile phone and HFE

RCV
The measurement results for receiving frequency response (RFR) at nominal volume setting are provided in Figure 7 to Figure 11 for each HFE and across the different mobile phones used. To provide a rough estimate of the performance, the tolerance mask from DHF in WB mode (clause 6.4.4 of [2]) is shown for reference.
[image: ]
[bookmark: _Ref111044523]Figure 7: RFR for mobile phones used in DHF mode without additional HFE
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Figure 8: RFR for mobile phones used in DHF mode in combination with HFE1
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Figure 9: RFR for mobile phones used in DHF mode in combination with HFE2

[image: ]
Figure 10: RFR for mobile phones used in DHF mode in combination with HFE3

[image: ]
[bookmark: _Ref111044657]Figure 11: RFR for mobile phones used in DHF mode in combination with HFE4

[image: ]
[bookmark: _Ref111107993]Figure 12: RFR for reference loudspeakers

Two findings can be drawn from the RFR results of the reference loudspeakers (Figure 12):
· It seems in general possible that devices with loudspeakers of a certain degree of (medium-to-high) quality can pass the current WB tolerance mask (which might be the basis for the extension to SWB).
· As no signal processing or coding is present, only the (mostly linear) acoustics transfer functions apply here. Since the loudspeakers were equalized in advance to a flat frequency response, RFR curves show approximately the difference between free-field conditions and the table setup.
For both loudspeakers, a level increase at 1250 Hz can be observed, which causes violations of the frequency mask. Other peaks and dips are visible as well; it should be investigated further if these are linear (and can thus be compensated with an additional corresponding equalization) – or if these occur due to resonances, from e.g., the table setup (which cannot be compensated).

For reference and to supplement the RFRs, measurement results for receive loudness rating (RLR) are provided in Table 5. For each combination of phone and HFE (or speakerphone mode), the nominal volume control setting closest to the target RLR of 5 dB was selected. However, it turned out that in some cases the playback levels were not sufficient to achieve this target (RLR > 5 dB), even at maximum volume setting.

	HFE
	0
	1
	2
	3
	4
	LS1
	LS2

	Phone
	
	
	
	
	
	
	

	DUT1
	8.7
	7.8
	5.7
	
	
	
	

	DUT2
	5.3
	5.4
	6.3
	7.1
	6.7
	
	

	DUT3
	4.3
	5.4
	4.5
	
	4.8
	
	

	REF
	
	
	
	
	
	5.5
	5.7


[bookmark: _Ref111047266]Table 5: RLR (in dB) at nominal volume control setting for combinations of mobile phone and HFE

Conclusion
An initial measurement series was conducted with DHF UE to collect data for the determination of suitable performance requirements of sending and receiving frequency responses. The measurements showed that performance is highly varying across the DUTs, which is not a surprising result: the different combinations of mobile phone and hands-free equipment investigated were not intended to jointly work together. The standalone mobile phones performed surprisingly well in sending, but completely fail in receive direction.
For the determination of SWB performance requirements for DHF, the tolerance masks from WB might be basis. Possible ways forward would be to extend the limits up to 16 kHz.To benefit from the SWB bandwidth of EVS codec, the roll-off of the lower tolerance should start at a much higher frequency than 5 kHz (as in the WB masks).
Similar measurement series are planned with hands-free UE and headset UE (combinations of mobile phones and multiple headsets connected via at least one electrical interface) for the upcoming meetings, since for both types of UE also performance requirements are in the scope of the work item eUET.
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