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Introduction
The 3GPP work item HInT [1] introduces test methods and requirements in 3GPP TS 26.131 [2] and TS 26.132 [3] for the analogue and digital headset interface of UE. Based on the latest drafts of change requests for 3GPP TS 26.131 [4] and 26.132 [5], an initial test series was conducted in order to investigate the applicability of test methods as well as the provisional requirements.
This document summarizes initial results for several devices and electrical interface types.
Devices
Three recent commercially available mobile phones were used for the test series. Information on connection type, bandwidth and electrical interface (Bluetooth/BT and analogue) are provided in Table 1. Since a single mobile phone can be used with multiple codecs/connections and typically provide more than one electrical interface, several individual configurations are evaluated in the present document.
[bookmark: _Ref78461807]Table 1: Devices evaluated in test series
	ID
	DUT
	Connection
	Bandwidth
	Electrical interface
	Comment

	DUT1-3G-NB-A
	DUT1
	3G
	NB
	Analogue
	Analogue connection only via USB-C to jack plug adapter!

	DUT1-3G-NB-BT
	
	
	
	Bluetooth
	

	DUT1-3G-WB-A
	
	
	WB
	Analogue
	

	DUT1-3G-WB-BT
	
	
	
	Bluetooth
	

	DUT2-3G-NB-A
	DUT2
	3G
	NB
	Analogue
	Analogue connection only via USB-C to jack plug adapter!

	DUT2-3G-NB-BT
	
	
	
	Bluetooth
	

	DUT2-3G-WB-A
	
	
	WB
	Analogue
	

	DUT2-3G-WB-BT
	
	
	
	Bluetooth
	

	DUT2-VoLTE-SWB-A
	
	VoLTE
	SWB
	Analogue
	

	DUT2-VoLTE-SWB-BT
	
	
	
	Bluetooth
	

	DUT3-3G-NB-A
	DUT3
	3G
	NB
	Analogue
	

	DUT3-3G-NB-BT
	
	
	
	Bluetooth
	

	DUT3-3G-WB-A
	
	
	WB
	Analogue
	

	DUT3-3G-WB-BT
	
	
	
	Bluetooth
	

	DUT3-VoLTE-SWB-A
	
	VoLTE
	SWB
	Analogue
	

	DUT3-VoLTE-SWB-BT
	
	
	
	Bluetooth
	



Test setup
The measurement series were setup according to the specification of the latest drafts of change requests for 3GPP TS 26.131 [4] and 26.132 [5]. The findings and proposals described in S4-210825 [6] were considered as well for the test series, leading to the following additions:
Analogue interface:
· Coupling of echo path considers different nominal levels of SND and RCV.
· For RCV, only the right headset output was considered.
Digital interface:
· Since the volume control setting should not have any impact on the digital signal level, the volume was set commonly to maximum for all devices.
· USB interface was not considered yet.
· Even with state-of-the-art devices, Bluetooth electrical interface provides only transmission up to WB. In conjunction with SWB connections, the current draft CR specifies to handle such cases as WB transmissions. However, in the present document, these cases are regarded as SWB cases, which becomes obvious during the frequency response tests.
· The BT reference interface was configured to not send a command to deactivate signal processing in the terminal. In addition, the reference interface signalled in addition that it does not have any signal processing capabilities. These option should ensure that signal processing (noise reduction, echo cancellation) is conducted in the terminal.
Results
Junction loudness ratings
SND
Results for JLR measurements in receive are provided in Table 2. For all bandwidth modes, a common provisional requirement of 0 +/- 3 dB applies.

[bookmark: _Ref78462719]Table 2: Results for JLR in send
	DUT
	JLR-SND [dB]
	Requirement pass?

	DUT1-3G-NB-A
	-3.3
	FALSE

	DUT1-3G-NB-BT
	0.0
	TRUE

	DUT1-3G-WB-A
	0.7
	TRUE

	DUT1-3G-WB-BT
	1.4
	TRUE

	DUT2-3G-NB-A
	1.1
	TRUE

	DUT2-3G-NB-BT
	-2.4
	TRUE

	DUT2-3G-WB-A
	2.6
	TRUE

	DUT2-3G-WB-BT
	-0.4
	TRUE

	DUT2-VoLTE-SWB-A
	3.4
	FALSE

	DUT2-VoLTE-SWB-BT
	-1.4
	TRUE

	DUT3-3G-NB-A
	0.2
	TRUE

	DUT3-3G-NB-BT
	-0.8
	TRUE

	DUT3-3G-WB-A
	2.0
	TRUE

	DUT3-3G-WB-BT
	-10.3
	FALSE

	DUT3-VoLTE-SWB-A
	5.0
	FALSE

	DUT3-VoLTE-SWB-BT
	0.4
	TRUE



RCV
Results for JLR measurements in receive are provided in Table 3. For all bandwidth modes, the common provisional requirements apply for the corresponding volume settings (if applicable for interface):
· nominal (NOM): -3…+3 dB
· maximum (MAX): > -15 dB
· minimum (MIN): < 16 dB

[bookmark: _Ref78462705]Table 3: Results for JLR in receive
	DUT
	Volume Control
	JLR-RCV [dB]
	Requirement pass?

	DUT1-3G-NB-A
	MAX
	-0.4
	TRUE

	
	MIN
	26.6
	FALSE

	
	NOM
	1.0
	TRUE

	DUT1-3G-NB-BT
	NOM
	0.0
	TRUE

	DUT1-3G-WB-A
	MIN
	7.2
	TRUE

	DUT1-3G-WB-BT
	NOM
	0.8
	TRUE

	DUT2-3G-NB-A
	MAX
	-6.3
	TRUE

	
	MIN
	18.8
	FALSE

	
	NOM
	0.7
	TRUE

	DUT2-3G-NB-BT
	NOM
	-0.1
	TRUE

	DUT2-3G-WB-A
	MIN
	20.1
	FALSE

	DUT2-3G-WB-BT
	NOM
	-0.2
	TRUE

	DUT2-VoLTE-SWB-A
	MAX
	-3.7
	TRUE

	
	MIN
	21.0
	FALSE

	
	NOM
	2.3
	TRUE

	DUT2-VoLTE-SWB-BT
	NOM
	0.1
	TRUE

	DUT3-3G-NB-A
	MAX
	-13.1
	TRUE

	
	MIN
	6.4
	TRUE

	
	NOM
	-0.7
	TRUE

	DUT3-3G-NB-BT
	NOM
	0.1
	TRUE

	DUT3-3G-WB-A
	MIN
	8.3
	TRUE

	DUT3-3G-WB-BT
	NOM
	1.5
	TRUE

	DUT3-VoLTE-SWB-A
	MAX
	-13.2
	TRUE

	
	MIN
	6.8
	TRUE

	
	NOM
	-0.1
	TRUE

	DUT3-VoLTE-SWB-BT
	NOM
	0.1
	TRUE




Idle channel noise
SND
Results for idle noise levels in send are provided in Table 4. The provisional requirements for send direction are -64 dBm0(p) (for NB) / -64 dBm0(A) (for WB/SWB/FB).
[bookmark: _Ref78462835]Table 4: Results for idle noise level in send
	DUT
	Avg. idle noise level [dBm0(p/A)]
	Requirement pass?

	DUT1-3G-NB-A
	-55.6
	FALSE

	DUT1-3G-NB-BT
	-89.7
	TRUE

	DUT1-3G-WB-A
	-57.9
	FALSE

	DUT1-3G-WB-BT
	-78.9
	TRUE

	DUT2-3G-NB-A
	-48.0
	FALSE

	DUT2-3G-NB-BT
	-89.7
	TRUE

	DUT2-3G-WB-A
	-69.3
	TRUE

	DUT2-3G-WB-BT
	-77.7
	TRUE

	DUT2-VoLTE-SWB-A
	-79.7
	TRUE

	DUT2-VoLTE-SWB-BT
	-91.8
	TRUE

	DUT3-3G-NB-A
	-52.7
	FALSE

	DUT3-3G-NB-BT
	-89.9
	TRUE

	DUT3-3G-WB-A
	-74.8
	TRUE

	DUT3-3G-WB-BT
	-77.4
	TRUE

	DUT3-VoLTE-SWB-A
	-64.9
	TRUE

	DUT3-VoLTE-SWB-BT
	-86.9
	TRUE



NOTE:	Results for single frequency disturbances are not yet available.

RCV
Results for idle noise levels in receive are provided in Table 5. For all bandwidth modes, the common provisional requirements apply:
· for analogue electrical interface UE:
· -84 dBV(A/p) for MAX volume setting
· -87 dBV(A/p) for NOM volume setting
· for digital electrical interface UE:
· -64 dBm0(A/p) (same as for SND).

[bookmark: _Ref78467887]Table 5: Results for idle noise level in receive
	DUT
	Volume Setting
	Avg. idle noise level [dBm0(p) / dBV(A)]
	Requirement pass?

	DUT1-3G-NB-A
	MAX
	-96.6
	TRUE

	
	NOM
	-103.5
	TRUE

	DUT1-3G-NB-BT
	NOM
	-90.0
	TRUE

	DUT1-3G-WB-A
	MAX
	-97.2
	TRUE

	
	NOM
	-97.1
	TRUE

	DUT1-3G-WB-BT
	NOM
	-89.4
	TRUE

	DUT2-3G-NB-A
	MAX
	-95.7
	TRUE

	
	NOM
	-102.1
	TRUE

	DUT2-3G-NB-BT
	NOM
	-114.3
	TRUE

	DUT2-3G-WB-A
	MAX
	-95.9
	TRUE

	
	NOM
	-95.3
	TRUE

	DUT2-3G-WB-BT
	NOM
	-93.2
	TRUE

	DUT2-VoLTE-SWB-A
	MAX
	-95.7
	TRUE

	
	NOM
	-95.7
	TRUE

	DUT2-VoLTE-SWB-BT
	NOM
	-90.7
	TRUE

	DUT3-3G-NB-A
	MAX
	n/a
	

	
	NOM
	-84.9
	FALSE

	DUT3-3G-NB-BT
	NOM
	-80.8
	TRUE

	DUT3-3G-WB-A
	MAX
	-103.4
	TRUE

	
	NOM
	-108.4
	TRUE

	DUT3-3G-WB-BT
	NOM
	-110.9
	TRUE

	DUT3-VoLTE-SWB-A
	MAX
	-83.3
	FALSE

	
	NOM
	-83.2
	FALSE

	DUT3-VoLTE-SWB-BT
	NOM
	-104.3
	TRUE



NOTE:	Results for single frequency disturbances are not yet available.

Sensitivity/frequency characteristics
SND
Results for send frequency response are provided separately for NB, WB and SWB in Figure 1 to Figure 3. The tolerance masks in the graphs are provisional and are based on Recommendation ITU-T P.381 [7].
[image: ]
[bookmark: _Ref78468238]Figure 1: Results for send frequency response (NB)
NOTE 1:	The rather large error observed for DUT3-3G-NB-BT is due to the upper tolerance mask between 100 Hz and 200 Hz, which specifies a high-pass character. However, it seems not reasonable that the flat response of this terminal in this frequency range does not meet the requirements. The -9 dB tolerance at 100 Hz should be set to 3 dB, similar as for the WB mask.
[image: ]
Figure 2: Results for send frequency response (WB)
NOTE 2:	The frequency response for DUT3-3G-WB-BT seems to be measured in NB mode and should be excluded.
[image: ]
[bookmark: _Ref78468239]Figure 3: Results for send frequency response (SWB)

RCV
Results for receive frequency response are provided separately for NB, WB and SWB in Figure 4 to Figure 6. The tolerance masks in the graphs are provisional and based on the latest draft CR.

[image: ]
[bookmark: _Ref78468335]Figure 4: Results for receive frequency response (NB)

[image: ]
Figure 5: Results for receive frequency response (WB)

[image: ]
[bookmark: _Ref78468342]Figure 6: Results for receive frequency response (SWB)

Sidetone characteristics
Results for sidetone characteristics are provided in Table 6 by STMR and in Table 7 by sidetone delay. The following requirements apply for the sidetone characteristics:
· STMR > 20 dB (performance objective: STMR < 35 dB)
· Sidetone delay < 5 ms

[bookmark: _Ref78472508]Table 6: Results for sidetone masking rating (STMR)
	DUT
	STMR [dB]
	Requirements pass?

	DUT1-3G-NB-A
	79.6
	TRUE

	DUT1-3G-NB-BT
	83.4
	TRUE

	DUT1-3G-WB-A
	73.5
	TRUE

	DUT1-3G-WB-BT
	81.0
	TRUE

	DUT2-3G-NB-A
	78.3
	TRUE

	DUT2-3G-NB-BT
	200.0
	TRUE

	DUT2-3G-WB-A
	69.4
	TRUE

	DUT2-3G-WB-BT
	200.0
	TRUE

	DUT2-VoLTE-SWB-A
	18.5
	FALSE

	DUT2-VoLTE-SWB-BT
	200.0
	TRUE

	DUT3-3G-NB-A
	44.2
	TRUE

	DUT3-3G-NB-BT
	200.0
	TRUE

	DUT3-3G-WB-A
	40.4
	TRUE

	DUT3-3G-WB-BT
	207.0
	TRUE

	DUT3-VoLTE-SWB-A
	18.5
	FALSE

	DUT3-VoLTE-SWB-BT
	179.8
	TRUE



[bookmark: _Ref79676483]Table 7: Results for sidetone delay
	DUT
	Sidetone Delay [ms]
	Requirements Pass

	DUT1-3G-NB-A
	1.1
	TRUE

	DUT1-3G-WB-A
	1.1
	TRUE

	DUT2-3G-NB-A
	1.0
	TRUE

	DUT2-3G-WB-A
	3.8
	TRUE

	DUT2-VoLTE-SWB-A
	1.0
	TRUE

	DUT3-3G-NB-A
	2.1
	TRUE

	DUT3-3G-WB-A
	1.7
	TRUE

	DUT3-VoLTE-SWB-A
	1.5
	TRUE



Note 1:	For electrical interface BT, the RCV signal is expected to be digitally zero, which causes a singular STMR calculation.
Note 2:	Since a sidetone is not desired for digital interfaces, results for sidetone delay are only provided for analogue electrical interfaces.

Acoustic echo control
Results for (acoustic) echo control characteristics are provided in Table 8. The following requirements apply:
· TCL > 46 dB for MAX volume setting
· TCL > 55 dB for NOM volume setting

[bookmark: _Ref79677859]Table 8: Results for echo loss
	DUT
	Volume Setting
	TCL [dB]
	Requirements pass?

	DUT1-3G-NB-A
	MAX
	11.6
	FALSE

	
	NOM
	16.2
	FALSE

	DUT1-3G-NB-BT
	NOM
	33.9
	FALSE

	DUT1-3G-WB-A
	MAX
	19.7
	FALSE

	
	NOM
	34.9
	FALSE

	DUT2-3G-NB-A
	MAX
	41.7
	FALSE

	
	NOM
	43.9
	FALSE

	DUT2-3G-NB-BT
	NOM
	66.2
	TRUE

	DUT2-3G-WB-A
	MAX
	60.3
	TRUE

	
	NOM
	64.7
	TRUE

	DUT2-VoLTE-SWB-A
	MAX
	75.6
	TRUE

	
	NOM
	75.3
	TRUE

	DUT2-VoLTE-SWB-BT
	NOM
	80.8
	TRUE

	DUT3-3G-NB-A
	MAX
	47.8
	TRUE

	
	NOM
	46.8
	FALSE

	DUT3-3G-NB-BT
	NOM
	72.3
	TRUE

	DUT3-3G-WB-A
	MAX
	64.3
	TRUE

	
	NOM
	64.3
	TRUE

	DUT3-VoLTE-SWB-A
	MAX
	66.0
	TRUE

	
	NOM
	62.5
	TRUE



NOTE 1:	The requirement fails for BT interface may be explained by non-operational signal processing (even though it was signalled correctly from the reference interface when establishing the connection).
NOTE 2:	The clear requirement fails for analogue interface may be explained by the connection via USB-C interface, which seems to have a rather high cross-talk (and in general, a lower circuit quality) than a traditional jack plug. It has to be discussed, if connections via analogue USB-C-Interface should be handled differently.

Distortion
[TBD]
Delay
Result for the round-trip delays (send + receive delay) are provided in Table 8. The following requirements apply for the delay D:
· AMR-NB: D < 220.0 ms
· AMR-WB: D < 220.0 ms
· EVS-SWB: D < 197.0 ms
[bookmark: _Ref79678684]Table 8: Results for round trip delay
	DUT
	RT-Delay [ms]
	Requirements pass?

	DUT1-3G-NB-A
	171.2
	TRUE

	DUT1-3G-NB-BT
	232.8
	FALSE

	DUT1-3G-WB-A
	187.1
	TRUE

	DUT1-3G-WB-BT
	218.3
	TRUE

	DUT2-3G-NB-A
	191.3
	TRUE

	DUT2-3G-NB-BT
	233.5
	FALSE

	DUT2-3G-WB-A
	185.8
	TRUE

	DUT2-3G-WB-BT
	272.5
	FALSE

	DUT2-VoLTE-SWB-A
	143.7
	TRUE

	DUT2-VoLTE-SWB-BT
	176.5
	TRUE

	DUT3-3G-NB-A
	150.8
	TRUE

	DUT3-3G-NB-BT
	131.9
	TRUE

	DUT3-3G-WB-A
	160.5
	TRUE

	DUT3-3G-WB-BT
	174.1
	TRUE

	DUT3-VoLTE-SWB-A
	n/a
	

	DUT3-VoLTE-SWB-BT
	110.9
	TRUE



NOTE 1:	Results for the analysis of time-variant impairments for VoLTE are not yet available.
NOTE 2:	While all available devices pass the requirement for the analogue interface, several fails can be observed for the BT interface. When comparing the differences between analogue and BT for identical combinations of device/connection/codec, the additional "delay budget" for the additionally introduced BT link varies between 30 ms and 90 ms. However, in general it seems technically possible to meet the default requirement also for BT.
Send speech quality and noise intrusiveness in the presence of ambient noise
Results for S-MOS and N-MOS analysis (average across eight noise types) are provided in Table 8. The following requirements apply:
NB:
· S-MOS ≥ 3.0 
· N-MOS ≥ 2.3
WB:
· S-MOS ≥ 3.0 
· N-MOS ≥ 2.3
SWB:
· S-MOS ≥ 3.7 
· N-MOS ≥ 2.7

[bookmark: _Ref79680483]Table 8: Results for speech quality and noise intrusiveness
	DUT
	S-MOS
	Pass
	N-MOS
	Pass

	DUT1-3G-NB-A
	3.68
	TRUE
	2.88
	TRUE

	DUT1-3G-NB-BT
	3.73
	TRUE
	2.95
	TRUE

	DUT1-3G-WB-A
	3.36
	TRUE
	3.59
	TRUE

	DUT1-3G-WB-BT
	3.59
	TRUE
	3.31
	TRUE

	DUT2-3G-NB-A
	3.49
	TRUE
	2.79
	TRUE

	DUT2-3G-NB-BT
	4.00
	TRUE
	2.70
	TRUE

	DUT2-3G-WB-A
	3.40
	TRUE
	4.04
	TRUE

	DUT2-3G-WB-BT
	3.88
	TRUE
	3.40
	TRUE

	DUT3-3G-NB-A
	3.70
	TRUE
	2.51
	TRUE

	DUT3-3G-NB-BT
	3.90
	TRUE
	1.90
	FALSE

	DUT3-3G-WB-A
	3.86
	TRUE
	3.01
	TRUE

	DUT3-3G-WB-BT
	3.79
	TRUE
	3.05
	TRUE

	DUT3-VoLTE-SWB-BT
	4.23
	TRUE
	2.70
	TRUE

	DUT3-VoLTE-SWB-A
	n/a
	
	n/a
	




Conclusion
For testing the performance of electrical (headset) interface according to the latest draft CR to TS 26.131/132 [4] [5] and latest proposals [6], initial results were obtained in a test series with several recent mobile phones. 
Due to time constraints, only the most important measurements could be tested, reviewed and reported so far. In case of a schedule extension of the work item HInT, more analyses are expected for SA4#116-e. However, the preliminary agreed setup and test descriptions seem to work as expected. Also, the provisional requirements are already in a reasonable range.
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