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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.
Devices
Nine recent commercially available mobile phones were used for the test series and are listed in Table 1. Information on supported electrical interfaces (analogue, Bluetooth/BT and USB-C/digital) are provided as well. 
[bookmark: _Ref78461807]Table 1: Devices evaluated in test series
	DUT alias
	Comments

	DUT1
	· Not equipped with jack plug, analogue connection only via USB-C jack plug adapter.
· Digital connection via USB-C does not accept generic headset interface.

	DUT2
	· Not equipped with jack plug, analogue connection only via USB-C jack plug adapter.
· Digital connection via USB-C does not accept generic headset interface.

	DUT3
	· Digital connection via USB-C only partly supported.

	DUT4
	· Not equipped with jack plug, analogue connection only via USB-C jack plug adapter.

	DUT5
	· Not equipped with jack plug, analogue connection only via USB-C jack plug adapter.
· Digital connection via USB-C does not accept generic headset interface.

	DUT6
	· Not equipped with jack plug, analogue connection only via included (digital) USB-C-to-analogue adapter.
· Analogue USB-C jack plug adapter not supported.
· Digital connection via USB-C does not accept generic headset interface.

	DUT7
	· Digital connection via USB-C does not accept generic headset interface.

	DUT8
	· Analogue connection possible via jack plug, included (digital) USB-C-to-analogue adapter and USB-C jack plug adapter

	DUT9
	· Digital connection via USB-C does not accept generic headset interface.

	DUT10
	· Digital connection via USB-C only partly supported.





Since a single mobile phone can be used with multiple codecs/connections and typically provide more than one electrical interface, several individual configurations and usecases of electrical interface are evaluated in the present document. For each combination of device, configuration and electrical interface, a unique identifier (ID) is used:
	[device]-[connection]-[bandwidth]-[electrical interface]
With:
[device]				DUT alias according to Table 1.
[connection]			network connection type: 3G or VoLTE. Bitrates according to [3].
[bandwidth]			Abbreviation of bandwidth mode: NB, WB or SWB
[electrical interface]	Abbreviation describing the type of analogue or digital electrical interface:
						A: analogue jack plug of the device is used.
						AC: analogue adapter to USB-C is used.
						ADC: included analogue<->USB-C adapter was used (can be a digital USB-interface!).
						BT: Bluetooth is used (digital).
						USB: USB-C is connected to reference interface (digital).
Examples:
· DUT1-3G-WB-USB: DUT1 is tested in 3G/circuit-switched mode, speech is encoded/decoded with AMR-WB at 12.65 kbit/s, UE is connected via digital USB-C reference interface to the measurement system.
· DUT3-VoLTE-SWB-A: DUT3 is tested in 4G/packet-switched mode via VoLTE, speech is encoded/decoded with EVS-SWB at 24 kbit/s, UE is connected via analogue jack plug to the measurement system.

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]. 
Results
Junction loudness ratings
Send JLR
Results for JLR measurements in receive are provided in Table 2 to Table 4. For all bandwidth modes, a common provisional requirement of 0 +/- 3 dB applies.

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

	DUT1-3G-NB-AC
	-2.3
	TRUE

	DUT1-3G-NB-BT
	-0.0
	TRUE

	DUT2-3G-NB-AC
	0.3
	TRUE

	DUT2-3G-NB-BT
	-2.4
	TRUE

	DUT3-3G-NB-A
	0.2
	TRUE

	DUT3-3G-NB-BT
	-0.8
	TRUE

	DUT3-3G-NB-USB
	-1.6
	TRUE

	DUT4-3G-NB-AC
	-4.2
	FALSE

	DUT4-3G-NB-BT
	0.6
	TRUE

	DUT4-3G-NB-USB
	-9.1
	FALSE

	DUT5-3G-NB-AC
	2.5
	TRUE

	DUT5-3G-NB-BT
	5.6
	FALSE

	DUT7-3G-NB-A
	8.7
	FALSE

	DUT7-3G-NB-BT
	-3.1
	FALSE

	DUT8-3G-NB-A
	3.6
	FALSE

	DUT8-3G-NB-AC
	-2.3
	TRUE

	DUT8-3G-NB-ADC
	-2.5
	TRUE

	DUT8-3G-NB-BT
	-2.8
	TRUE

	DUT8-3G-NB-USB
	-5.5
	FALSE

	DUT9-3G-NB-A
	-3.6
	FALSE

	DUT9-3G-NB-AC
	-2.4
	TRUE

	DUT9-3G-NB-BT
	-1.8
	TRUE



Table 3: Results for JLR in send (WB)
	DUT
	JLR-SND [dB]
	Requirement pass?

	DUT1-3G-WB-AC
	-2.5
	TRUE

	DUT1-3G-WB-BT
	1.4
	TRUE

	DUT2-3G-WB-AC
	2.6
	TRUE

	DUT2-3G-WB-BT
	-0.4
	TRUE

	DUT3-3G-WB-A
	2.0
	TRUE

	DUT3-3G-WB-USB
	-1.6
	TRUE

	DUT4-3G-WB-AC
	-3.9
	FALSE

	DUT4-3G-WB-BT
	0.5
	TRUE

	DUT4-3G-WB-USB
	-8.7
	FALSE

	DUT5-3G-WB-AC
	2.0
	TRUE

	DUT5-3G-WB-BT
	-0.4
	TRUE

	DUT6-3G-WB-ADC
	2.8
	TRUE

	DUT7-3G-WB-A
	10.7
	FALSE

	DUT7-3G-WB-BT
	-1.1
	TRUE

	DUT8-3G-WB-A
	4.4
	FALSE

	DUT8-3G-WB-AC
	-2.2
	TRUE

	DUT8-3G-WB-ADC
	-2.5
	TRUE

	DUT8-3G-WB-BT
	-1.2
	TRUE

	DUT8-3G-WB-USB
	-6.7
	FALSE

	DUT9-3G-WB-A
	-2.2
	TRUE

	DUT9-3G-WB-AC
	-3.6
	FALSE

	DUT9-3G-WB-BT
	-0.9
	TRUE



[bookmark: _Ref86328812]Table 4: Results for JLR in send (SWB)
	DUT
	JLR-SND [dB]
	Requirement pass?

	DUT10-VoLTE-SWB-USB
	-12.8
	FALSE

	DUT2-VoLTE-SWB-AC
	3.4
	FALSE

	DUT2-VoLTE-SWB-BT
	-1.4
	TRUE

	DUT3-VoLTE-SWB-A
	5.0
	FALSE

	DUT3-VoLTE-SWB-BT
	0.3
	TRUE

	DUT3-VoLTE-SWB-USB
	-1.6
	TRUE



Receive JLR
Results for JLR measurements in receive are provided in Table 5 to Table 7. 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 5: Results for JLR in receive (NB)
	DUT
	Volume Control
	JLR-RCV [dB]
	Requirement pass?

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

	
	MIN
	26.6
	FALSE

	
	NOM
	1.0
	TRUE

	DUT1-3G-NB-BT
	NOM
	0.0
	TRUE

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

	
	MIN
	18.8
	FALSE

	
	NOM
	0.7
	TRUE

	DUT2-3G-NB-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-NB-USB
	NOM
	1.5
	TRUE

	DUT4-3G-NB-AC
	MAX
	-7.9
	TRUE

	
	MIN
	19.2
	FALSE

	
	NOM
	1.1
	TRUE

	DUT4-3G-NB-BT
	NOM
	-0.1
	TRUE

	DUT4-3G-NB-USB
	NOM
	-0.4
	TRUE

	DUT5-3G-NB-AC
	MAX
	-15.5
	FALSE

	
	MIN
	8.4
	TRUE

	
	NOM
	0.3
	TRUE

	DUT5-3G-NB-BT
	NOM
	-2.3
	TRUE

	DUT7-3G-NB-A
	MAX
	-16.7
	FALSE

	
	MIN
	8.3
	TRUE

	
	NOM
	0.3
	TRUE

	DUT7-3G-NB-BT
	NOM
	-1.0
	TRUE

	DUT8-3G-NB-A
	MAX
	-15.3
	FALSE

	
	MIN
	8.8
	TRUE

	
	NOM
	0.7
	TRUE

	DUT8-3G-NB-AC
	MAX
	-6.1
	TRUE

	
	MIN
	18.1
	FALSE

	
	NOM
	-0.1
	TRUE

	DUT8-3G-NB-ADC
	MAX
	-14.7
	TRUE

	
	MIN
	9.5
	TRUE

	
	NOM
	1.4
	TRUE

	DUT8-3G-NB-BT
	NOM
	-0.0
	TRUE

	DUT8-3G-NB-USB
	NOM
	-0.2
	TRUE

	DUT9-3G-NB-A
	MAX
	-19.3
	FALSE

	
	MIN
	3.9
	TRUE

	
	NOM
	-0.3
	TRUE

	DUT9-3G-NB-AC
	MAX
	-3.1
	TRUE

	
	MIN
	19.9
	FALSE

	
	NOM
	-0.6
	TRUE

	DUT9-3G-NB-BT
	NOM
	-2.4
	TRUE



Table 6: Results for JLR in receive (WB)
	DUT
	Volume Control
	JLR-RCV [dB]
	Requirement pass?

	DUT1-3G-WB-AC
	MAX
	-19.9
	FALSE

	
	MIN
	7.2
	TRUE

	
	NOM
	-0.9
	TRUE

	DUT1-3G-WB-BT
	NOM
	0.8
	TRUE

	DUT2-3G-WB-AC
	MAX
	-4.9
	TRUE

	
	MIN
	20.1
	FALSE

	
	NOM
	1.1
	TRUE

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

	DUT3-3G-WB-A
	MAX
	-11.2
	TRUE

	
	MIN
	8.3
	TRUE

	
	NOM
	1.3
	TRUE

	DUT3-3G-WB-USB
	NOM
	0.9
	TRUE

	DUT4-3G-WB-AC
	MAX
	-5.3
	TRUE

	
	MIN
	21.7
	FALSE

	
	NOM
	-0.9
	TRUE

	DUT4-3G-WB-BT
	NOM
	-0.3
	TRUE

	DUT4-3G-WB-USB
	NOM
	2.0
	TRUE

	DUT5-3G-WB-AC
	MAX
	-13.0
	TRUE

	
	MIN
	12.6
	TRUE

	
	NOM
	-1.1
	TRUE

	DUT5-3G-WB-BT
	NOM
	-0.7
	TRUE

	DUT6-3G-WB-ADC
	MAX
	-16.3
	FALSE

	
	MIN
	14.5
	TRUE

	
	NOM
	-2.2
	TRUE

	DUT7-3G-WB-A
	MAX
	-12.4
	TRUE

	
	MIN
	12.7
	TRUE

	
	NOM
	-1.3
	TRUE

	DUT7-3G-WB-BT
	NOM
	-0.9
	TRUE

	DUT8-3G-WB-A
	MAX
	-13.7
	TRUE

	
	MIN
	10.5
	TRUE

	
	NOM
	-1.6
	TRUE

	DUT8-3G-WB-AC
	MAX
	-10.2
	TRUE

	
	MIN
	14.1
	TRUE

	
	NOM
	-1.2
	TRUE

	DUT8-3G-WB-ADC
	MAX
	-10.3
	TRUE

	
	MIN
	14.0
	TRUE

	
	NOM
	-1.3
	TRUE

	DUT8-3G-WB-BT
	NOM
	-0.1
	TRUE

	DUT8-3G-WB-USB
	NOM
	4.3
	FALSE

	DUT9-3G-WB-A
	MAX
	-19.9
	FALSE

	
	MIN
	3.1
	TRUE

	
	NOM
	-0.8
	TRUE

	DUT9-3G-WB-AC
	MAX
	-7.4
	TRUE

	
	MIN
	15.8
	TRUE

	
	NOM
	0.1
	TRUE

	DUT9-3G-WB-BT
	NOM
	-1.7
	TRUE



[bookmark: _Ref86329889]Table 7: Results for JLR in receive (SWB)
	DUT
	Volume Control
	JLR-RCV [dB]
	Requirement pass?

	DUT10-VoLTE-SWB-USB
	NOM
	8.3
	FALSE

	DUT2-VoLTE-SWB-AC
	MAX
	-3.7
	TRUE

	
	MIN
	21.0
	FALSE

	
	NOM
	2.3
	TRUE

	DUT2-VoLTE-SWB-BT
	NOM
	0.1
	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

	DUT3-VoLTE-SWB-USB
	NOM
	-1.6
	TRUE



Idle channel noise
SND
Results for idle noise levels in send are provided in Table 8 to Table 10. The provisional requirements for send direction are -64 dBm0(p) (for NB) / -64 dBm0(A) (for WB/SWB/FB).
[bookmark: _Ref78462835]Table 8: Results for idle noise level in send (NB)
	DUT
	Avg. idle noise level [dBm0(p/A)]
	Requirement pass?

	DUT1-3G-NB-AC
	-55.2
	FALSE

	DUT1-3G-NB-BT
	-89.7
	TRUE

	DUT2-3G-NB-AC
	-52.6
	FALSE

	DUT2-3G-NB-BT
	-89.7
	TRUE

	DUT3-3G-NB-A
	-52.7
	FALSE

	DUT3-3G-NB-BT
	-89.9
	TRUE

	DUT3-3G-NB-USB
	-89.6
	TRUE

	DUT4-3G-NB-AC
	-76.0
	TRUE

	DUT4-3G-NB-BT
	-89.8
	TRUE

	DUT4-3G-NB-USB
	-87.4
	TRUE

	DUT5-3G-NB-AC
	-76.0
	TRUE

	DUT5-3G-NB-BT
	-89.1
	TRUE

	DUT7-3G-NB-A
	-72.8
	TRUE

	DUT7-3G-NB-BT
	-89.7
	TRUE

	DUT8-3G-NB-A
	-59.1
	FALSE

	DUT8-3G-NB-AC
	-42.0
	FALSE

	DUT8-3G-NB-ADC
	-42.2
	FALSE

	DUT8-3G-NB-BT
	-87.3
	TRUE

	DUT8-3G-NB-USB
	-82.3
	TRUE

	DUT9-3G-NB-A
	-47.4
	FALSE

	DUT9-3G-NB-AC
	-52.1
	FALSE

	DUT9-3G-NB-BT
	-89.5
	TRUE



Table 9: Results for idle noise level in send (WB)
	DUT
	Avg. idle noise level [dBm0(p/A)]
	Requirement pass?

	DUT1-3G-WB-AC
	-57.9
	FALSE

	DUT1-3G-WB-BT
	-78.9
	TRUE

	DUT2-3G-WB-AC
	-69.3
	TRUE

	DUT2-3G-WB-BT
	-77.7
	TRUE

	DUT3-3G-WB-A
	-74.8
	TRUE

	DUT3-3G-WB-USB
	-77.4
	TRUE

	DUT4-3G-WB-AC
	-69.4
	TRUE

	DUT4-3G-WB-BT
	-78.2
	TRUE

	DUT4-3G-WB-USB
	-77.8
	TRUE

	DUT5-3G-WB-AC
	-52.9
	FALSE

	DUT5-3G-WB-BT
	-77.8
	TRUE

	DUT6-3G-WB-ADC
	-71.1
	TRUE

	DUT7-3G-WB-A
	-69.4
	TRUE

	DUT7-3G-WB-BT
	-77.5
	TRUE

	DUT8-3G-WB-A
	-48.3
	FALSE

	DUT8-3G-WB-AC
	-42.0
	FALSE

	DUT8-3G-WB-ADC
	-42.9
	FALSE

	DUT8-3G-WB-BT
	-77.7
	TRUE

	DUT8-3G-WB-USB
	-78.0
	TRUE

	DUT9-3G-WB-A
	-51.2
	FALSE

	DUT9-3G-WB-AC
	-49.4
	FALSE

	DUT9-3G-WB-BT
	-77.4
	TRUE



[bookmark: _Ref86332410]Table 10: Results for idle noise level in send (SWB)
	DUT
	Avg. idle noise level [dBm0(p/A)]
	Requirement pass?

	DUT10-VoLTE-SWB-USB
	-89.1
	TRUE

	DUT2-VoLTE-SWB-AC
	-79.7
	TRUE

	DUT2-VoLTE-SWB-BT
	-91.8
	TRUE

	DUT3-VoLTE-SWB-A
	-64.9
	TRUE

	DUT3-VoLTE-SWB-BT
	-86.9
	TRUE

	DUT3-VoLTE-SWB-USB
	-91.1
	TRUE



NOTE:	Results for single frequency disturbances identical regarding pass/fail status and are not shown here for sake of clarity. Each DUT that passes average idle noise floor also passes single frequency disturbance. There is no device that fails the average idle noise level but passes the single frequency disturbance.

RCV
Results for idle noise levels in receive are provided in Table 11 to Table 13. 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 11: Results for idle noise level in receive (NB)
	DUT
	Volume Setting
	Avg. idle noise level [dBm0(p) / dBV(A)]
	Requirement pass?

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

	
	NOM
	-103.5
	TRUE

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

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

	
	NOM
	-102.1
	TRUE

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

	DUT3-3G-NB-A
	NOM
	-84.9
	FALSE

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

	DUT3-3G-NB-USB
	NOM
	-72.8
	TRUE

	DUT4-3G-NB-AC
	MAX
	-96.4
	TRUE

	
	NOM
	-103.0
	TRUE

	DUT4-3G-NB-BT
	NOM
	-88.6
	TRUE

	DUT4-3G-NB-USB
	NOM
	-85.1
	TRUE

	DUT5-3G-NB-AC
	MAX
	-91.8
	TRUE

	
	NOM
	-111.5
	TRUE

	DUT5-3G-NB-BT
	NOM
	-77.5
	TRUE

	DUT7-3G-NB-A
	MAX
	-95.6
	TRUE

	
	NOM
	-101.7
	TRUE

	DUT7-3G-NB-BT
	NOM
	-88.5
	TRUE

	DUT8-3G-NB-A
	MAX
	-86.9
	TRUE

	
	NOM
	-97.3
	TRUE

	DUT8-3G-NB-AC
	MAX
	-84.7
	TRUE

	
	NOM
	-91.5
	TRUE

	DUT8-3G-NB-ADC
	MAX
	-80.8
	FALSE

	
	NOM
	-94.1
	TRUE

	DUT8-3G-NB-BT
	NOM
	-81.9
	TRUE

	DUT8-3G-NB-USB
	NOM
	-72.6
	TRUE

	DUT9-3G-NB-A
	MAX
	-107.0
	TRUE

	
	NOM
	-115.4
	TRUE

	DUT9-3G-NB-AC
	MAX
	-97.2
	TRUE

	
	NOM
	-104.1
	TRUE

	DUT9-3G-NB-BT
	NOM
	-88.5
	TRUE



Table 12: Results for idle noise level in receive (WB)
	DUT
	Volume Setting
	Avg. idle noise level [dBm0(p) / dBV(A)]
	Requirement pass?

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

	
	NOM
	-97.1
	TRUE

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

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

	
	NOM
	-95.3
	TRUE

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

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

	
	NOM
	-108.4
	TRUE

	DUT3-3G-WB-USB
	NOM
	-76.1
	TRUE

	DUT4-3G-WB-AC
	NOM
	-96.4
	TRUE

	DUT4-3G-WB-BT
	NOM
	-89.0
	TRUE

	DUT4-3G-WB-USB
	NOM
	-85.8
	TRUE

	DUT5-3G-WB-AC
	MAX
	-102.0
	TRUE

	
	NOM
	-110.7
	TRUE

	DUT5-3G-WB-BT
	NOM
	-77.3
	TRUE

	DUT6-3G-WB-ADC
	MAX
	-73.4
	FALSE

	
	NOM
	-91.4
	TRUE

	DUT7-3G-WB-A
	MAX
	-94.6
	TRUE

	
	NOM
	-95.6
	TRUE

	DUT7-3G-WB-BT
	NOM
	-84.8
	TRUE

	DUT8-3G-WB-A
	MAX
	-80.6
	FALSE

	
	NOM
	-89.9
	TRUE

	DUT8-3G-WB-AC
	MAX
	-84.7
	TRUE

	
	NOM
	-91.7
	TRUE

	DUT8-3G-WB-ADC
	MAX
	-80.9
	FALSE

	
	NOM
	-89.2
	TRUE

	DUT8-3G-WB-BT
	NOM
	-86.3
	TRUE

	DUT8-3G-WB-USB
	NOM
	-74.0
	TRUE

	DUT9-3G-WB-A
	MAX
	-107.5
	TRUE

	
	NOM
	-107.5
	TRUE

	DUT9-3G-WB-AC
	MAX
	-96.8
	TRUE

	
	NOM
	-96.8
	TRUE

	DUT9-3G-WB-BT
	NOM
	-88.0
	TRUE



[bookmark: _Ref86332576]Table 13: Results for idle noise level in receive (SWB)
	DUT
	Volume Setting
	Avg. idle noise level [dBm0(p) / dBV(A)]
	Requirement pass?

	DUT10-VoLTE-SWB-USB
	NOM
	-126.1
	TRUE

	DUT2-VoLTE-SWB-AC
	MAX
	-95.7
	TRUE

	
	NOM
	-95.7
	TRUE

	DUT2-VoLTE-SWB-BT
	NOM
	-90.7
	TRUE

	DUT3-VoLTE-SWB-A
	MAX
	-83.3
	FALSE

	
	NOM
	-83.2
	FALSE

	DUT3-VoLTE-SWB-BT
	NOM
	-104.3
	TRUE

	DUT3-VoLTE-SWB-USB
	NOM
	-96.3
	TRUE



NOTE:	Results for single frequency disturbances identical regarding pass/fail status and are not shown here for sake of clarity. Each DUT that passes average idle noise floor also passes single frequency disturbance. There is no device that fails the average idle noise level but passes the single frequency disturbance.



Sensitivity/frequency characteristics
SND
Results for send frequency response are provided separately for NB, WB and SWB in Figure 1 to Figure 5, separated for analogue and digital electrical interfaces. The tolerance masks in the graphs are provisional and are based on Recommendation ITU-T P.381 [6].
[image: ]
[bookmark: _Ref78468238]Figure 1: Results for send frequency response (NB, analogue)
[image: ]
Figure 2: Results for send frequency response (NB, digital)
NOTE 1:	Larger mask violations are observed for several devices and are mainly 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 at least ~3 dB.
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Figure 3: Results for send frequency response (WB, analogue)
[image: ]
Figure 4: Results for send frequency response (WB, digital)
NOTE 2:	A similar issue as described in note 1 can be observed here: the upper tolerance mask between 100 Hz and 200 Hz shows a roll-off, which leads to larger violations of the mask.
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[bookmark: _Ref78468239]Figure 5: Results for send frequency response (SWB)

RCV
Results for receive frequency response are provided separately for NB, WB and SWB in Figure 6 to Figure 10, separated for analogue and digital electrical interfaces.. The tolerance masks in the graphs are provisional and based on Recommendation ITU-T P.381 [6].
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[bookmark: _Ref78468335]Figure 6: Results for receive frequency response (NB, analogue)
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Figure 7: Results for receive frequency response (NB, digital)
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Figure 8: Results for receive frequency response (WB, analogue)
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Figure 9: Results for receive frequency response (WB, digital)
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[bookmark: _Ref78468342]Figure 10: Results for receive frequency response (SWB)



Sidetone characteristics
Results for sidetone characteristics are provided in Table 14 to Table 16 by STMR and in Table 17 by sidetone delay. The following provisional requirements apply for the sidetone characteristics:
· STMR > 20 dB (performance objective: STMR < 35 dB)
· Sidetone delay < 5 ms

[bookmark: _Ref78472508]Table 14: Results for sidetone masking rating (STMR, NB)
	DUT
	STMR [dB]
	Requirements pass?

	DUT1-3G-NB-AC
	79.6
	TRUE

	DUT1-3G-NB-BT
	83.4
	TRUE

	DUT2-3G-NB-AC
	78.3
	TRUE

	DUT2-3G-NB-BT
	200.0
	TRUE

	DUT3-3G-NB-A
	44.2
	TRUE

	DUT3-3G-NB-BT
	200.0
	TRUE

	DUT3-3G-NB-USB
	69.5
	TRUE

	DUT4-3G-NB-AC
	49.4
	TRUE

	DUT4-3G-NB-BT
	82.9
	TRUE

	DUT4-3G-NB-USB
	35.9
	TRUE

	DUT5-3G-NB-AC
	88.7
	TRUE

	DUT5-3G-NB-BT
	71.4
	TRUE

	DUT7-3G-NB-A
	74.5
	TRUE

	DUT7-3G-NB-BT
	200.0
	TRUE

	DUT8-3G-NB-A
	70.6
	TRUE

	DUT8-3G-NB-AC
	79.3
	TRUE

	DUT8-3G-NB-ADC
	71.6
	TRUE

	DUT8-3G-NB-BT
	200.0
	TRUE

	DUT8-3G-NB-USB
	83.4
	TRUE

	DUT9-3G-NB-A
	84.7
	TRUE

	DUT9-3G-NB-AC
	79.3
	TRUE

	DUT9-3G-NB-BT
	82.5
	TRUE



Table 15: Results for sidetone masking rating (STMR, WB)
	DUT
	STMR [dB]
	Requirements pass?

	DUT1-3G-WB-AC
	73.5
	TRUE

	DUT1-3G-WB-BT
	81.0
	TRUE

	DUT2-3G-WB-AC
	69.4
	TRUE

	DUT2-3G-WB-BT
	200.0
	TRUE

	DUT3-3G-WB-A
	40.4
	TRUE

	DUT3-3G-WB-USB
	67.4
	TRUE

	DUT4-3G-WB-AC
	44.8
	TRUE

	DUT4-3G-WB-BT
	79.9
	TRUE

	DUT4-3G-WB-USB
	31.3
	TRUE

	DUT5-3G-WB-AC
	82.2
	TRUE

	DUT5-3G-WB-BT
	69.0
	TRUE

	DUT6-3G-WB-ADC
	59.1
	TRUE

	DUT7-3G-WB-A
	66.3
	TRUE

	DUT7-3G-WB-BT
	200.0
	TRUE

	DUT8-3G-WB-A
	62.9
	TRUE

	DUT8-3G-WB-AC
	66.6
	TRUE

	DUT8-3G-WB-ADC
	66.5
	TRUE

	DUT8-3G-WB-BT
	200.0
	TRUE

	DUT8-3G-WB-USB
	78.3
	TRUE

	DUT9-3G-WB-A
	78.3
	TRUE

	DUT9-3G-WB-AC
	73.7
	TRUE

	DUT9-3G-WB-BT
	80.1
	TRUE



[bookmark: _Ref86333143]Table 16: Results for sidetone masking rating (STMR, SWB)
	DUT
	STMR [dB]
	Requirements pass?

	DUT10-VoLTE-SWB-USB
	200.0
	TRUE

	DUT2-VoLTE-SWB-AC
	18.5
	FALSE

	DUT2-VoLTE-SWB-BT
	200.0
	TRUE

	DUT3-VoLTE-SWB-A
	-18.5
	FALSE

	DUT3-VoLTE-SWB-BT
	179.8
	TRUE

	DUT3-VoLTE-SWB-USB
	71.3
	TRUE


[bookmark: _Ref79676483]
[bookmark: _Ref86333160]Table 17: Results for sidetone delay
	DUT
	Sidetone Delay [ms]
	Requirements Pass

	DUT1-3G-NB-AC
	1.1
	TRUE

	DUT2-3G-NB-AC
	1.0
	TRUE

	DUT3-3G-NB-A
	2.1
	TRUE

	DUT4-3G-NB-AC
	17.8
	FALSE

	DUT5-3G-NB-AC
	6.4
	FALSE

	DUT7-3G-NB-A
	10.8
	FALSE

	DUT8-3G-NB-A
	1.1
	TRUE

	DUT8-3G-NB-AC
	1.1
	TRUE

	DUT8-3G-NB-ADC
	22.6
	FALSE

	DUT9-3G-NB-A
	5.2
	FALSE

	DUT9-3G-NB-AC
	1.1
	TRUE

	DUT1-3G-WB-AC
	1.1
	TRUE

	DUT2-3G-WB-AC
	3.8
	TRUE

	DUT3-3G-WB-A
	1.7
	TRUE

	DUT4-3G-WB-AC
	18.1
	FALSE

	DUT5-3G-WB-AC
	2.0
	TRUE

	DUT6-3G-WB-ADC
	1.4
	TRUE

	DUT7-3G-WB-A
	44.3
	FALSE

	DUT8-3G-WB-A
	22.3
	FALSE

	DUT8-3G-WB-AC
	11.2
	FALSE

	DUT8-3G-WB-ADC
	44.0
	FALSE

	DUT9-3G-WB-A
	44.5
	FALSE

	DUT9-3G-WB-AC
	1.1
	TRUE

	DUT2-VoLTE-SWB-AC
	1.0
	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 (indicated here as 200 dB).
NOTE 2:	Since a sidetone is not desired for digital interfaces, results for sidetone delay are only provided for analogue electrical interfaces.
NOTE 3:	Several fails for analogue interface may be explained by the connection via USB-C interface, which seems to have an unintended, but rather high cross-talk than a traditional jack plug.
NOTE 4:	For handset/headset UE, the sidetone delay requirement is defined as the difference between measured and mouth-to-ear delay, which is not reflected in these results. Since the loopback delay for analogue electrical interface can be assumed as constant, the requirement might be increased by 1.5-2.0 ms, which would let two additional devices pass this test.



Acoustic echo control
Results for (acoustic) echo control characteristics are provided in Table 18 to Table 20. The following requirements apply:
· TCL > 46 dB for MAX volume setting
· TCL > 55 dB for NOM volume setting

[bookmark: _Ref79677859]Table 18: Results for echo loss (NB)
	DUT
	Volume Setting
	TCL [dB]
	Requirements pass?

	DUT1-3G-NB-AC
	MAX
	11.6
	FALSE

	
	NOM
	16.2
	FALSE

	DUT1-3G-NB-BT
	NOM
	33.9
	FALSE

	DUT2-3G-NB-AC
	MAX
	41.7
	FALSE

	
	NOM
	43.9
	FALSE

	DUT2-3G-NB-BT
	NOM
	66.2
	TRUE

	DUT3-3G-NB-A
	MAX
	47.8
	TRUE

	
	NOM
	46.8
	FALSE

	DUT3-3G-NB-BT
	NOM
	72.3
	TRUE

	DUT3-3G-NB-USB
	NOM
	49.5
	FALSE

	DUT4-3G-NB-AC
	MAX
	5.4
	FALSE

	
	NOM
	12.5
	FALSE

	DUT4-3G-NB-BT
	NOM
	33.3
	FALSE

	DUT4-3G-NB-USB
	NOM
	72.3
	TRUE

	DUT5-3G-NB-AC
	MAX
	78.9
	TRUE

	
	NOM
	78.8
	TRUE

	DUT5-3G-NB-BT
	NOM
	71.9
	TRUE

	DUT7-3G-NB-A
	MAX
	55.8
	TRUE

	
	NOM
	72.3
	TRUE

	DUT7-3G-NB-BT
	NOM
	71.9
	TRUE

	DUT8-3G-NB-A
	MAX
	38.0
	FALSE

	
	NOM
	33.2
	FALSE

	DUT8-3G-NB-AC
	MAX
	-1.6
	FALSE

	
	NOM
	-0.9
	FALSE

	DUT8-3G-NB-ADC
	MAX
	-0.6
	FALSE

	
	NOM
	11.9
	FALSE

	DUT8-3G-NB-BT
	NOM
	72.2
	TRUE

	DUT8-3G-NB-USB
	NOM
	6.8
	FALSE

	DUT9-3G-NB-A
	MAX
	36.3
	FALSE

	
	NOM
	34.2
	FALSE

	DUT9-3G-NB-AC
	MAX
	2.0
	FALSE

	
	NOM
	1.0
	FALSE

	DUT9-3G-NB-BT
	NOM
	72.3
	TRUE



Table 19: Results for echo loss (WB)
	DUT
	Volume Setting
	TCL [dB]
	Requirements pass?

	DUT1-3G-WB-AC
	MAX
	19.7
	FALSE

	
	NOM
	34.9
	FALSE

	DUT1-3G-WB-BT
	NOM
	35.4
	FALSE

	DUT2-3G-WB-AC
	MAX
	60.3
	TRUE

	
	NOM
	64.7
	TRUE

	DUT2-3G-WB-BT
	NOM
	32.4
	FALSE

	DUT3-3G-WB-A
	MAX
	64.3
	TRUE

	
	NOM
	64.3
	TRUE

	DUT3-3G-WB-USB
	NOM
	65.3
	TRUE

	DUT4-3G-WB-AC
	NOM
	4.3
	FALSE

	DUT4-3G-WB-BT
	NOM
	33.5
	FALSE

	DUT4-3G-WB-USB
	NOM
	64.9
	TRUE

	DUT5-3G-WB-AC
	MAX
	75.5
	TRUE

	
	NOM
	75.5
	TRUE

	DUT5-3G-WB-BT
	NOM
	64.6
	TRUE

	DUT6-3G-WB-ADC
	MAX
	75.5
	TRUE

	
	NOM
	75.5
	TRUE

	DUT7-3G-WB-A
	NOM
	64.7
	TRUE

	DUT7-3G-WB-BT
	NOM
	64.6
	TRUE

	DUT8-3G-WB-A
	MAX
	39.8
	FALSE

	
	NOM
	42.0
	FALSE

	DUT8-3G-WB-AC
	MAX
	-0.1
	FALSE

	
	NOM
	9.5
	FALSE

	DUT8-3G-WB-ADC
	MAX
	-0.7
	FALSE

	
	NOM
	8.1
	FALSE

	DUT8-3G-WB-BT
	NOM
	64.6
	TRUE

	DUT8-3G-WB-USB
	NOM
	15.8
	FALSE

	DUT9-3G-WB-A
	MAX
	45.4
	FALSE

	
	NOM
	38.2
	FALSE

	DUT9-3G-WB-AC
	MAX
	7.3
	FALSE

	
	NOM
	1.9
	FALSE

	DUT9-3G-WB-BT
	NOM
	64.6
	TRUE



[bookmark: _Ref86334183]Table 20: Results for echo loss (SWB)
	DUT
	Volume Setting
	TCL [dB]
	Requirements pass?

	DUT10-VoLTE-SWB-USB
	NOM
	77.8
	TRUE

	DUT2-VoLTE-SWB-AC
	MAX
	75.6
	TRUE

	
	NOM
	75.3
	TRUE

	DUT2-VoLTE-SWB-BT
	NOM
	80.8
	TRUE

	DUT3-VoLTE-SWB-A
	MAX
	66.0
	TRUE

	
	NOM
	62.5
	TRUE

	DUT3-VoLTE-SWB-BT
	NOM
	46.7
	FALSE

	DUT3-VoLTE-SWB-USB
	NOM
	46.8
	FALSE



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 unintended, but rather high cross-talk (and in general, a lower circuit quality) than a traditional jack plug.



Distortion
SND
Results for sine distortion ratio (SDR) in send direction are provided in Table 21 to Table 23. As provisional requirements, the same values as currently specified for handset/headset UE were assumed. Since numerous measurements and requirements apply, only the single values of the closest passing/failing sub-test are reported here.
[bookmark: _Ref86336136]Table 21: Results for send distortion (NB)
	DUT
	Requirement
pass?
	SDR
[dB]
	Limit
[dB]
	Comment

	DUT1-3G-NB-AC
	TRUE
	42.4
	27
	Closest pass: Avg. SDR for -20.0 dBPa @ 1020 Hz

	DUT1-3G-NB-BT
	TRUE
	58.5
	35
	Closest pass: Avg. SDR for 0.0 dBPa @ 1020 Hz

	DUT2-3G-NB-AC
	FALSE
	31.6
	33
	Closest fail: Avg. SDR for -10.0 dBPa @ 1020 Hz

	DUT2-3G-NB-BT
	TRUE
	57.1
	35
	Closest pass: Avg. SDR for 0.0 dBPa @ 1020 Hz

	DUT3-3G-NB-A
	TRUE
	37.7
	27
	Closest pass: Avg. SDR for -20.0 dBPa @ 1020 Hz

	DUT3-3G-NB-BT
	FALSE
	23
	30
	Closest fail: Avg. SDR for 5.0 dBPa @ 1020 Hz

	DUT3-3G-NB-USB
	TRUE
	53.6
	35
	Closest pass: Avg. SDR for -4.7 dBPa @ 1020 Hz

	DUT4-3G-NB-AC
	TRUE
	52.4
	35
	Closest pass: Avg. SDR for -4.7 dBPa @ 1020 Hz

	DUT4-3G-NB-BT
	TRUE
	58.7
	35
	Closest pass: Avg. SDR for -4.7 dBPa @ 1020 Hz

	DUT4-3G-NB-USB
	FALSE
	21.1
	30
	Closest fail: Avg. SDR for 5.0 dBPa @ 1020 Hz

	DUT5-3G-NB-AC
	TRUE
	55.9
	35
	Closest pass: Avg. SDR for -4.7 dBPa @ 1020 Hz

	DUT5-3G-NB-BT
	FALSE
	23.3
	27
	Closest fail: Avg. SDR for -20.0 dBPa @ 1020 Hz

	DUT7-3G-NB-BT
	TRUE
	42.4
	35
	Closest pass: Avg. SDR for 0.0 dBPa @ 1020 Hz

	DUT8-3G-NB-A
	TRUE
	27.2
	27
	Closest pass: Avg. SDR for -20.0 dBPa @ 1020 Hz

	DUT8-3G-NB-AC
	FALSE
	32.8
	33
	Closest fail: Avg. SDR for -10.0 dBPa @ 1020 Hz

	DUT8-3G-NB-BT
	FALSE
	23.7
	30
	Closest fail: Avg. SDR for 5.0 dBPa @ 1020 Hz

	DUT8-3G-NB-USB
	TRUE
	58.4
	35
	Closest pass: Avg. SDR for -4.7 dBPa @ 1020 Hz

	DUT9-3G-NB-A
	TRUE
	32.2
	27
	Closest pass: Avg. SDR for -20.0 dBPa @ 1020 Hz

	DUT9-3G-NB-AC
	TRUE
	35.8
	27
	Closest pass: Avg. SDR for -20.0 dBPa @ 1020 Hz

	DUT9-3G-NB-BT
	TRUE
	56.8
	35
	Closest pass: Avg. SDR for -4.7 dBPa @ 1020 Hz



Table 22: Results for send distortion (WB)
	DUT
	Requirement
pass?
	SDR
[dB]
	Limit
[dB]
	Comment

	DUT1-3G-WB-AC
	TRUE
	36.6
	28
	Closest pass: Avg. SDR for -4.7 dBPa @ 408 Hz

	DUT1-3G-WB-BT
	TRUE
	47.3
	35
	Closest pass: Avg. SDR for -4.7 dBPa @ 1020 Hz

	DUT2-3G-WB-AC
	FALSE
	28.4
	33
	Closest fail: Avg. SDR for -10.0 dBPa @ 1020 Hz

	DUT2-3G-WB-BT
	TRUE
	40.9
	28
	Closest pass: Avg. SDR for -4.7 dBPa @ 408 Hz

	DUT3-3G-WB-A
	TRUE
	43.8
	28
	Closest pass: Avg. SDR for -4.7 dBPa @ 408 Hz

	DUT3-3G-WB-USB
	TRUE
	54.7
	35
	Closest pass: Avg. SDR for -4.7 dBPa @ 1020 Hz

	DUT4-3G-WB-AC
	TRUE
	52.3
	35
	Closest pass: Avg. SDR for -4.7 dBPa @ 1020 Hz

	DUT4-3G-WB-BT
	TRUE
	49.3
	28
	Closest pass: Avg. SDR for -4.7 dBPa @ 408 Hz

	DUT4-3G-WB-USB
	FALSE
	26.4
	30
	Closest fail: Avg. SDR for 5.0 dBPa @ 1020 Hz

	DUT5-3G-WB-AC
	FALSE
	8.3
	27
	Closest fail: Avg. SDR for -20.0 dBPa @ 1020 Hz

	DUT5-3G-WB-BT
	FALSE
	27.8
	28
	Closest fail: Avg. SDR for -4.7 dBPa @ 510 Hz

	DUT6-3G-WB-ADC
	TRUE
	43.6
	28
	Closest pass: Avg. SDR for -4.7 dBPa @ 408 Hz

	DUT7-3G-WB-A
	FALSE
	30.5
	35
	Closest fail: Avg. SDR for -4.7 dBPa @ 1020 Hz

	DUT7-3G-WB-BT
	TRUE
	39.5
	35
	Closest pass: Avg. SDR for 0.0 dBPa @ 1020 Hz

	DUT8-3G-WB-A
	FALSE
	31.4
	35
	Closest fail: Avg. SDR for -4.7 dBPa @ 1020 Hz

	DUT8-3G-WB-AC
	FALSE
	33
	35
	Closest fail: Avg. SDR for 0.0 dBPa @ 1020 Hz

	DUT8-3G-WB-ADC
	FALSE
	34.9
	35
	Closest fail: Avg. SDR for 0.0 dBPa @ 1020 Hz

	DUT8-3G-WB-BT
	TRUE
	37.3
	30
	Closest pass: Avg. SDR for 5.0 dBPa @ 1020 Hz

	DUT8-3G-WB-USB
	TRUE
	55.3
	35
	Closest pass: Avg. SDR for -4.7 dBPa @ 1020 Hz

	DUT9-3G-WB-A
	TRUE
	32.9
	27
	Closest pass: Avg. SDR for -20.0 dBPa @ 1020 Hz

	DUT9-3G-WB-AC
	TRUE
	30
	27
	Closest pass: Avg. SDR for -20.0 dBPa @ 1020 Hz

	DUT9-3G-WB-BT
	TRUE
	48
	28
	Closest pass: Avg. SDR for -4.7 dBPa @ 408 Hz



[bookmark: _Ref86336146]Table 23: Results for send distortion (SWB)
	DUT
	Requirement
pass?
	SDR
[dB]
	Limit
[dB]
	Comment

	DUT10-VoLTE-SWB-USB
	FALSE
	19.1
	30
	Closest fail: Avg. SDR for 5.0 dBPa @ 1020 Hz

	DUT2-VoLTE-SWB-AC
	FALSE
	26.4
	35
	Closest fail: Avg. SDR for -4.7 dBPa @ 1020 Hz

	DUT2-VoLTE-SWB-BT
	TRUE
	32.7
	32
	Closest pass: Avg. SDR for -4.7 dBPa @ 408 Hz

	DUT3-VoLTE-SWB-A
	FALSE
	31.4
	32
	Closest fail: Avg. SDR for -4.7 dBPa @ 408 Hz

	DUT3-VoLTE-SWB-USB
	TRUE
	54.1
	35
	Closest pass: Avg. SDR for -4.7 dBPa @ 1020 Hz



NOTE:	In the comment column, the pass/fail status is described for a certain level and frequency. The level information is provided in terms of "dBPa", referring to a (virtual) acoustic level at the MRP. For sake of simplicity and to have a better comparison between analogue and digital electrical interface, these levels are reported here instead of the corresponding electrical levels.

RCV
Results for sine distortion ratio (SDR) in receive direction are provided in Table 24 to Table 26. As provisional requirements, the same values as currently specified for handset/headset UE were assumed. Since numerous measurements and requirements apply, only the single values of the closest passing/failing sub-test are reported here.
[bookmark: _Ref86336465]Table 24: Results for receive distortion (NB)
	DUT
	Requirement
pass?
	SDR
[dB]
	Limit
[dB]
	Comment

	DUT1-3G-NB-AC
	TRUE
	40.9
	22.5
	Closest pass: Avg. SDR for -40.0 dBm0 @ 1020 Hz

	DUT1-3G-NB-BT
	TRUE
	47
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT2-3G-NB-AC
	TRUE
	47.1
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT2-3G-NB-BT
	TRUE
	35.7
	22.5
	Closest pass: Avg. SDR for -40.0 dBm0 @ 1020 Hz

	DUT3-3G-NB-A
	TRUE
	19.7
	17.5
	Closest pass: Avg. SDR for -45.0 dBm0 @ 1020 Hz

	DUT3-3G-NB-BT
	FALSE
	24.2
	25.5
	Closest fail: Avg. SDR for 0.0 dBm0 @ 1020 Hz

	DUT3-3G-NB-USB
	TRUE
	32.6
	22.5
	Closest pass: Avg. SDR for -40.0 dBm0 @ 1020 Hz

	DUT4-3G-NB-AC
	TRUE
	44.8
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT4-3G-NB-BT
	TRUE
	48.3
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT4-3G-NB-USB
	TRUE
	46.8
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT5-3G-NB-AC
	TRUE
	29.3
	17.5
	Closest pass: Avg. SDR for -45.0 dBm0 @ 1020 Hz

	DUT5-3G-NB-BT
	FALSE
	27.9
	28
	Closest fail: Avg. SDR for -16.0 dBm0 @ 510 Hz

	DUT7-3G-NB-A
	TRUE
	30
	17.5
	Closest pass: Avg. SDR for -45.0 dBm0 @ 1020 Hz

	DUT7-3G-NB-BT
	TRUE
	46.6
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT8-3G-NB-A
	TRUE
	31.4
	17.5
	Closest pass: Avg. SDR for -45.0 dBm0 @ 1020 Hz

	DUT8-3G-NB-AC
	TRUE
	47.4
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT8-3G-NB-BT
	TRUE
	47.2
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT8-3G-NB-USB
	TRUE
	52.8
	33
	Closest pass: Avg. SDR for -20.0 dBm0 @ 1020 Hz

	DUT9-3G-NB-A
	TRUE
	49.6
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT9-3G-NB-AC
	TRUE
	49.1
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT9-3G-NB-BT
	TRUE
	49.6
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz



Table 25: Results for receive distortion (WB)
	DUT
	Requirement
pass?
	SDR
[dB]
	Limit
[dB]
	Comment

	DUT1-3G-WB-AC
	TRUE
	35.4
	17.5
	Closest pass: Avg. SDR for -45.0 dBm0 @ 1020 Hz

	DUT1-3G-WB-BT
	TRUE
	48.3
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT2-3G-WB-AC
	TRUE
	21.8
	17.5
	Closest pass: Avg. SDR for -45.0 dBm0 @ 1020 Hz

	DUT2-3G-WB-BT
	TRUE
	46.2
	28
	Closest pass: Avg. SDR for -16.0 dBm0 @ 408 Hz

	DUT3-3G-WB-A
	TRUE
	47.2
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT3-3G-WB-USB
	TRUE
	40.3
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT4-3G-WB-AC
	TRUE
	43.3
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT4-3G-WB-BT
	TRUE
	45.4
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT4-3G-WB-USB
	TRUE
	43.3
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT5-3G-WB-AC
	TRUE
	50.3
	33
	Closest pass: Avg. SDR for -20.0 dBm0 @ 1020 Hz

	DUT5-3G-WB-BT
	TRUE
	36.9
	28
	Closest pass: Avg. SDR for -16.0 dBm0 @ 408 Hz

	DUT6-3G-WB-ADC
	TRUE
	43.6
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT7-3G-WB-A
	TRUE
	47.4
	28
	Closest pass: Avg. SDR for -16.0 dBm0 @ 510 Hz

	DUT7-3G-WB-BT
	TRUE
	46.6
	28
	Closest pass: Avg. SDR for -16.0 dBm0 @ 408 Hz

	DUT8-3G-WB-A
	TRUE
	19.3
	17.5
	Closest pass: Avg. SDR for -45.0 dBm0 @ 1020 Hz

	DUT8-3G-WB-AC
	TRUE
	19
	17.5
	Closest pass: Avg. SDR for -45.0 dBm0 @ 1020 Hz

	DUT8-3G-WB-ADC
	TRUE
	24.3
	17.5
	Closest pass: Avg. SDR for -45.0 dBm0 @ 1020 Hz

	DUT8-3G-WB-BT
	TRUE
	46
	28
	Closest pass: Avg. SDR for -16.0 dBm0 @ 510 Hz

	DUT8-3G-WB-USB
	TRUE
	25.8
	17.5
	Closest pass: Avg. SDR for -45.0 dBm0 @ 1020 Hz

	DUT9-3G-WB-A
	TRUE
	45.4
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT9-3G-WB-AC
	TRUE
	40.9
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz

	DUT9-3G-WB-BT
	TRUE
	41.8
	30.5
	Closest pass: Avg. SDR for -30.0 dBm0 @ 1020 Hz



[bookmark: _Ref86336470]Table 26: Results for receive distortion (SWB)
	DUT
	Requirement
pass?
	SDR
[dB]
	Limit
[dB]
	Comment

	DUT10-VoLTE-SWB-USB
	TRUE
	49
	33.5
	Closest pass: Avg. SDR for -10.0 dBm0 @ 1020 Hz

	DUT2-VoLTE-SWB-AC
	TRUE
	37.8
	22.5
	Closest pass: Avg. SDR for -40.0 dBm0 @ 1020 Hz

	DUT2-VoLTE-SWB-BT
	FALSE
	19.4
	20
	Closest fail: Avg. SDR for -16.0 dBm0 @ 315 Hz

	DUT3-VoLTE-SWB-A
	TRUE
	23.1
	22.5
	Closest pass: Avg. SDR for -40.0 dBm0 @ 1020 Hz

	DUT3-VoLTE-SWB-USB
	TRUE
	44.3
	33.5
	Closest pass: Avg. SDR for -10.0 dBm0 @ 1020 Hz





Delay
Results for the round-trip delays (send + receive delay) are provided in Table 27 to Table 29. The following provisional 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 27: Results for round trip delay (NB)
	DUT
	RT-Delay [ms]
	Requirements pass?

	DUT1-3G-NB-AC
	171.2
	TRUE

	DUT1-3G-NB-BT
	232.8
	FALSE

	DUT2-3G-NB-AC
	191.3
	TRUE

	DUT2-3G-NB-BT
	233.5
	FALSE

	DUT3-3G-NB-A
	150.8
	TRUE

	DUT3-3G-NB-BT
	131.9
	TRUE

	DUT3-3G-NB-USB
	146.4
	TRUE

	DUT4-3G-NB-AC
	174.9
	TRUE

	DUT4-3G-NB-BT
	180.3
	TRUE

	DUT4-3G-NB-USB
	160.8
	TRUE

	DUT5-3G-NB-AC
	163.3
	TRUE

	DUT5-3G-NB-BT
	370.4
	FALSE

	DUT7-3G-NB-A
	190.8
	TRUE

	DUT7-3G-NB-BT
	211.6
	TRUE

	DUT8-3G-NB-A
	184.3
	TRUE

	DUT8-3G-NB-AC
	221.4
	FALSE

	DUT8-3G-NB-ADC
	211.7
	TRUE

	DUT8-3G-NB-BT
	231.0
	FALSE

	DUT8-3G-NB-USB
	245.8
	FALSE

	DUT9-3G-NB-A
	185.3
	TRUE

	DUT9-3G-NB-AC
	173.3
	TRUE

	DUT9-3G-NB-BT
	211.2
	TRUE



Table 28: Results for round trip delay (WB)
	DUT
	RT-Delay [ms]
	Requirements pass?

	DUT1-3G-WB-AC
	187.1
	TRUE

	DUT1-3G-WB-BT
	218.3
	TRUE

	DUT2-3G-WB-AC
	185.8
	TRUE

	DUT2-3G-WB-BT
	272.5
	FALSE

	DUT3-3G-WB-A
	160.5
	TRUE

	DUT3-3G-WB-USB
	150.9
	TRUE

	DUT4-3G-WB-AC
	175.6
	TRUE

	DUT4-3G-WB-BT
	174.6
	TRUE

	DUT4-3G-WB-USB
	160.2
	TRUE

	DUT5-3G-WB-AC
	165.8
	TRUE

	DUT5-3G-WB-BT
	401.9
	FALSE

	DUT6-3G-WB-ADC
	194.1
	TRUE

	DUT7-3G-WB-A
	180.4
	TRUE

	DUT7-3G-WB-BT
	235.1
	FALSE

	DUT8-3G-WB-A
	161.8
	TRUE

	DUT8-3G-WB-AC
	212.2
	TRUE

	DUT8-3G-WB-ADC
	209.4
	TRUE

	DUT8-3G-WB-BT
	215.8
	TRUE

	DUT8-3G-WB-USB
	237.4
	FALSE

	DUT9-3G-WB-A
	184.1
	TRUE

	DUT9-3G-WB-AC
	173.9
	TRUE

	DUT9-3G-WB-BT
	208.5
	TRUE



[bookmark: _Ref86335332]Table 29: Results for round trip delay (SWB)
	DUT
	RT-Delay [ms]
	Requirements pass?

	DUT2-VoLTE-SWB-AC
	143.7
	TRUE

	DUT2-VoLTE-SWB-BT
	176.5
	TRUE

	DUT3-VoLTE-SWB-A
	124.7
	TRUE

	DUT3-VoLTE-SWB-BT
	191.0
	TRUE

	DUT3-VoLTE-SWB-USB
	147.0
	TRUE

	DUT2-VoLTE-SWB-AC
	143.7
	TRUE



NOTE 1:	Results for the analysis of time-variant impairments for VoLTE are not yet available.
NOTE 2:	While almost all available devices pass the requirement for the analogue interface, several fails can be observed for BT and USB interfaces. When comparing the differences between analogue and BT for identical combinations of device/connection/codec, the additional "delay budget" for the introduced BT link varies between 30 ms and 90 ms. For the USB interface, up to 20 ms can be observed – in most cases it is even lower than for analogue interface.
In general, it seems technically possible to meet the default requirement for BT and USB without any additional budget.


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 30 to Table 32. The following provisional requirements apply (based on handset/headset UE):
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 30: Results for speech quality and noise intrusiveness (NB)
	DUT
	S-MOS
	Pass
	N-MOS
	Pass

	DUT1-3G-NB-AC
	3.7
	TRUE
	2.9
	TRUE

	DUT1-3G-NB-BT
	3.7
	TRUE
	3.0
	TRUE

	DUT2-3G-NB-AC
	3.5
	TRUE
	2.8
	TRUE

	DUT2-3G-NB-BT
	4.0
	TRUE
	2.7
	TRUE

	DUT3-3G-NB-A
	3.7
	TRUE
	2.5
	TRUE

	DUT3-3G-NB-BT
	3.9
	TRUE
	1.9
	FALSE

	DUT3-3G-NB-USB
	3.9
	TRUE
	2.6
	TRUE

	DUT4-3G-NB-AC
	3.9
	TRUE
	2.9
	TRUE

	DUT4-3G-NB-BT
	3.9
	TRUE
	2.5
	TRUE

	DUT4-3G-NB-USB
	3.9
	TRUE
	2.2
	FALSE

	DUT5-3G-NB-AC
	4.0
	TRUE
	2.7
	TRUE

	DUT5-3G-NB-BT
	3.2
	TRUE
	1.8
	FALSE

	DUT7-3G-NB-A
	3.5
	TRUE
	3.3
	TRUE

	DUT7-3G-NB-BT
	4.0
	TRUE
	1.7
	FALSE

	DUT8-3G-NB-A
	3.5
	TRUE
	2.5
	TRUE

	DUT8-3G-NB-AC
	3.3
	TRUE
	2.4
	TRUE

	DUT8-3G-NB-ADC
	3.2
	TRUE
	2.4
	TRUE

	DUT8-3G-NB-BT
	3.8
	TRUE
	1.9
	FALSE

	DUT8-3G-NB-USB
	3.8
	TRUE
	2.3
	TRUE

	DUT9-3G-NB-A
	3.3
	TRUE
	2.7
	TRUE

	DUT9-3G-NB-AC
	3.3
	TRUE
	2.8
	TRUE

	DUT9-3G-NB-BT
	3.7
	TRUE
	2.9
	TRUE



[bookmark: _Ref86335348]Table 31: Results for speech quality and noise intrusiveness (WB)
	DUT
	S-MOS
	Pass
	N-MOS
	Pass

	DUT1-3G-WB-AC
	3.4
	TRUE
	3.6
	TRUE

	DUT1-3G-WB-BT
	3.6
	TRUE
	3.3
	TRUE

	DUT2-3G-WB-AC
	3.4
	TRUE
	4.0
	TRUE

	DUT2-3G-WB-BT
	3.9
	TRUE
	3.4
	TRUE

	DUT3-3G-WB-A
	3.9
	TRUE
	3.0
	TRUE

	DUT3-3G-WB-USB
	3.9
	TRUE
	3.0
	TRUE

	DUT4-3G-WB-AC
	3.9
	TRUE
	3.1
	TRUE

	DUT4-3G-WB-BT
	3.9
	TRUE
	2.9
	TRUE

	DUT4-3G-WB-USB
	3.9
	TRUE
	2.4
	TRUE

	DUT5-3G-WB-AC
	3.8
	TRUE
	3.2
	TRUE

	DUT5-3G-WB-BT
	3.7
	TRUE
	2.4
	TRUE

	DUT6-3G-WB-ADC
	3.9
	TRUE
	3.0
	TRUE

	DUT7-3G-WB-A
	3.3
	TRUE
	3.6
	TRUE

	DUT7-3G-WB-BT
	3.7
	TRUE
	3.7
	TRUE

	DUT8-3G-WB-A
	3.2
	TRUE
	3.2
	TRUE

	DUT8-3G-WB-AC
	3.2
	TRUE
	3.2
	TRUE

	DUT8-3G-WB-ADC
	3.2
	TRUE
	3.2
	TRUE

	DUT8-3G-WB-BT
	3.8
	TRUE
	2.2
	FALSE

	DUT8-3G-WB-USB
	3.8
	TRUE
	2.8
	TRUE

	DUT9-3G-WB-A
	3.0
	TRUE
	3.5
	TRUE

	DUT9-3G-WB-AC
	2.9
	FALSE
	3.4
	TRUE

	DUT9-3G-WB-BT
	3.6
	TRUE
	3.3
	TRUE



[bookmark: _Ref86942993]Table 32: Results for speech quality and noise intrusiveness (SWB)
	DUT
	S-MOS
	Pass
	N-MOS
	Pass

	DUT10-VoLTE-SWB-USB
	3.9
	TRUE
	3.2
	TRUE

	DUT3-VoLTE-SWB-BT
	4.2
	TRUE
	2.7
	TRUE

	DUT3-VoLTE-SWB-USB
	3.9
	TRUE
	3.4
	TRUE





Transparency Checks
In the latest draft TS 26.132 [5], so-called "transparency tests" for the digital electrical interface Bluetooth were introduced in Annex G. These tests evaluate the presence or abscense of typical signal processing functionalities, i.e., noise reduction and echo cancellation. For Bluetooth, connected headsets might take over these functions and in consequence, tandem signal processing must be avoided.
The results of the transparency checks are exemplarily shown for DUT3-VoLTE-SWB-BT, DUT4-3G-NB-BT and DUT5-3G-WB-BT in the following. For better illustration, the transparency checks were conducted with the default connection mode (UE performs signal processing).
Presence of noise reduction
Figure 11 to Figure 13 show the attenuation vs time of a pink noise signal inserted into send direction, which indicates the presence of noise reduction.
For all three devices, it can be observed that with the default connection mode, the noise signal is immediately reduced after a few seconds, which indicates the presence of a noise reduction. When connecting the UE with the flags specified in the draft of Annex G.1 (NREC=off), the checks for all devices pass, but with different results:
· DUT4 (NB): The noise level is very slightly reduced, by ~1 dB (compared to the expected output of 0 dB).
· DUT5 (WB): Even though the check passes, it is obvious that the device is not completely transparent, the noise is reduced. However, the magnitude of level difference is above the threshold of 4 dB.
· DUT3 (SWB): The attenuation vs time is as expected at ~0 dB for all time instances.

[image: ]
[bookmark: _Ref86938547]Figure 11: Transparency check (noise reduction) for DUT4-3G-NB-BT

[image: ]
Figure 12: Transparency check (noise reduction) for DUT5-3G-WB-BT

[image: ]
[bookmark: _Ref86938549]Figure 13: Transparency check (noise reduction) for DUT3-VoLTE-SWB-BT

Presence of echo cancellation
Table 33 provide the echo loss for both connection modes. In the test setup, an artificial echo path of 20 dB is configured, which is also the expected echo loss value (with tolerance +/- 2 dB).
It can be observed that all devices pass the transparency test, but similar to the noise reduction check, the devices perform quite different:
· DUT4 and DUT5 seem to have an issue with the echo cancellation functionality already in the default mode. The echo loss is just slightly higher than the configured echo path.
· DUT5 performs as expected: 20 dB echo loss for the deactivated signal processing mode and a much higher loss for the default connection mode.
[bookmark: _Ref86939434]Table 33: Transparency check results (echo cancellation)
	DUT
	Echo loss (in dB) for Bluetooth connection established in …

	
	Default mode
	Deactivated signal processing mode

	DUT4-3G-NB-BT
	24.1
	20.5 (pass)

	DUT5-3G-WB-BT
	23.9
	21.9 (pass)

	DUT3-VoLTE-SWB-BT
	46.7
	20.1 (pass)




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 [7], a comprehensive set of results were obtained in a test series with several recent mobile phones. 
The most relevant measurements were evaluated, reviewed and available results were reported. The preliminary agreed setup and test descriptions seem to work as expected. Also, the provisional requirements are already in a reasonable range, only some values of the tolerance masks of send frequency response should be adapted. Frequency response results with a proposal of modified tolerance masks are given in Annex A.
Finally, also test results for the transparency checks were shown. These are important for the usage of Bluetooth electrical interface in combination with headsets providing their own signal processing capabilities.
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Annex A:
Proposal for modified tolerance masks

SND
The proposed requirement masks in SND are given in Table 34 to Table 36, results of the frequency responses are shown in Figure 14 to Figure 17.
[bookmark: _Ref86941714]Table 34: Proposed sending sensitivity/frequency requirement mask (NB)
	Frequency (Hz)
	Upper limit
	Lower limit

	100
	3
	

	200
	3
	

	300
	3
	-3

	1 000
	5
	-3

	3 100
	
	0

	3 400
	12
	-5

	4 000
	12
	



Table 35: Proposed sending sensitivity/frequency requirement mask (WB)
	Frequency (Hz)
	Upper limit
	Lower limit

	100
	3
	

	200
	3
	-3

	1 000
	3
	-3

	3 000
	10
	0

	5 000
	12
	0

	6 300
	12
	0

	8 000
	12
	



[bookmark: _Ref86941729]Table 36: Proposed sending sensitivity/frequency requirement mask (SWB)
	Frequency (Hz)
	Upper limit
	Lower limit

	100
	1
	-8

	200
	1
	-5

	1000
	1
	-5

	3000
	6
	-3

	5000
	8
	-3

	12500
	8
	-3

	16000
	8
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[bookmark: _Ref86941815]Figure 14: Results for send frequency response (NB, analogue)
[image: ]
Figure 15: Results for send frequency response (NB, digital)
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Figure 16: Results for send frequency response (WB, analogue)
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[bookmark: _Ref86941821]Figure 17: Results for send frequency response (SWB)

RCV
The proposed requirement masks in RCV are given in Table 37 to Table 39, results of the frequency responses are shown in Figure 19 to Figure 22.

[bookmark: _Ref86942063]Table 37: Proposed receiving sensitivity/frequency requirement mask (NB)
	Frequency (Hz)
	Upper limit
	Lower limit

	100
	2
	

	200
	2
	

	300
	2
	-6

	1 000
	2
	-2

	2 000
	6
	-2

	3 400
	6
	-5

	4 000
	6
	



Table 38: Proposed receiving sensitivity/frequency requirement mask (WB)
	Frequency (Hz)
	Upper limit
	Lower limit

	100
	2
	

	200
	2
	-7

	300
	2
	-5.5

	1 000
	2
	–2

	2 000
	2
	–2

	5 000
	2
	–6

	6 300
	2
	–12

	8 000
	2
	



[bookmark: _Ref86942068]Table 39: Proposed receiving sensitivity/frequency requirement mask (SWB)
	Frequency (Hz)
	Upper limit
	Lower limit

	100
	2
	-10

	200
	2
	-7

	1000
	2
	-2

	3000
	2
	-2

	5000
	2
	-2

	8000
	2
	-3

	12500
	2
	-6

	16000
	2
	



[image: ]
Figure 18: Results for receive frequency response (NB, analogue)
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[bookmark: _Ref86942104]Figure 19: Results for receive frequency response (NB, digital)
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Figure 20: Results for receive frequency response (WB, analogue)
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Figure 21: Results for receive frequency response (WB, digital)
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[bookmark: _Ref86942109]Figure 22: Results for receive frequency response (SWB)



Page: 1/1
image3.png
NB-SND (digital)

500
f/[Hz]

1000

2000

DUT1-3G-NB-BT
DUT2-3G-NB-BT
DUT3-3G-NB-BT
DUT3-3G-NB-USB
DUT4-3G-NB-BT
DUT4-3G-NB-USB
DUT5-3G-NB-BT
DUT7-3G-NB-BT
DUT8-3G-NB-BT
DUT8-3G-NB-USB
DUT9-3G-NB-BT




image4.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            


image5.png
WB-SND (analogue)

1000 2000 5000

f/[Hz]

100 200 500

DUT1-3G-WB-AC
DUT2-3G-WB-AC
DUT3-3G-WB-A
DUT4-3G-WB-AC
DUT5-3G-WB-AC
DUT6-3G-WB-ADC
DUT7-3G-WB-A
DUT8-3G-WB-AC
DUT8-3G-WB-ADC
DUT8-3G-WB-A
DUT9-3G-WB-AC
DUT9-3G-WB-A




image6.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   


image7.png
WB-SND (digital)

_15 I T 1 T T
100 200 500 1000 2000 5000

f/[Hz]

DUT1-3G-WB-BT
DUT2-3G-WB-BT
DUT3-3G-WB-USB
DUT4-3G-WB-BT
DUT4-3G-WB-USB
DUT5-3G-WB-BT
DUT7-3G-WB-BT
DUT8-3G-WB-BT
DUT8-3G-WB-USB
DUT9-3G-WB-BT




image8.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         


image9.png
SWB-SND

_10 -

_15 I T T T T T
100 200 500 1000 2000 5000 10000

f/ [Hz]

wesss DUT10-VOLTE-SWB-USB
DUT2-VoLTE-SWB-AC

wew DUT2-VOLTE-SWB-BT
DUT3-VolLTE-SWB-A

wesss DUT3-VOLTE-SWB-BT
DUT3-VoLTE-SWB-USB




image10.svg
                                                                                                                                                                                                                                                                                                                                                                                                                               


image11.png
NB-RCV (analogue)

100 200 500 1000 2000
f/[Hz]

DUT1-3G-NB-AC
DUT2-3G-NB-AC
DUT3-3G-NB-A
DUT4-3G-NB-AC
DUT5-3G-NB-AC
DUT8-3G-NB-AC
DUT8-3G-NB-ADC
DUT8-3G-NB-A
DUT9-3G-NB-AC
DUT9-3G-NB-A




image12.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          


image13.png
NB-RCV (digital)

f/ [Hz]

DUT1-3G-NB-BT
DUT2-3G-NB-BT
DUT3-3G-NB-BT
DUT3-3G-NB-USB
DUT4-3G-NB-BT
DUT4-3G-NB-USB
DUT5-3G-NB-BT
DUT7-3G-NB-BT
DUT8-3G-NB-BT
DUT8-3G-NB-USB
DUT9-3G-NB-BT




image14.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 


image15.png
L/ [dB]

WB-RCV (analogue)

5.0

100 200 500 1000 2000 5000
f/[Hz]

DUT1-3G-WB-AC
DUT2-3G-WB-AC
DUT3-3G-WB-A
DUT4-3G-WB-AC
DUT5-3G-WB-AC
DUT6-3G-WB-ADC
DUT7-3G-WB-A
DUT8-3G-WB-AC
DUT8-3G-WB-ADC
DUT8-3G-WB-A
DUT9-3G-WB-AC
DUT9-3G-WB-A




image16.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    


image17.png
L/ [dB]

WB-RCV (digital)

5.0

_15-0 I I T T T
100 200 500 1000 2000 5000

f/[Hz]

DUT1-3G-WB-BT
DUT2-3G-WB-BT
DUT3-3G-WB-USB
DUT4-3G-WB-BT
DUT4-3G-WB-USB
DUT5-3G-WB-BT
DUT7-3G-WB-BT
DUT8-3G-WB-BT
DUT8-3G-WB-USB
DUT9-3G-WB-BT




image18.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             


image19.png
SWB-RCV

messs DUT10-VOLTE-SWB-USB
DUT2-VoLTE-SWB-AC

wew DUT2-VOLTE-SWB-BT
DUT3-VoLTE-SWB-A

messs DUT3-VOLTE-SWB-BT
DUT3-VoLTE-SWB-USB

1000 2000 5000 10000
f/[Hz]




image20.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  


image21.emf



L/dB[Pa]


-10


-7.5


-5


-2.5


0


2.5


t/s


0


2.5


5


7.5


12.5


15


17.5


20


default


NREC=off


lower limit






L/dB[Pa]

-10

-7.5

-5

-2.5

0

2.5

t/s 0 2.5 5 7.5 12.5 15 17.5 20

default

NREC=off

lower limit


image22.emf



L/dB[Pa]


-10


-7.5


-5


-2.5


0


2.5


t/s


0


2.5


5


7.5


12.5


15


17.5


20


NREC=off


default


lower limit






L/dB[Pa]

-10

-7.5

-5

-2.5

0

2.5

t/s 0 2.5 5 7.5 12.5 15 17.5 20

NREC=off

default

lower limit


image23.emf



L/dB[Pa]


-7.5


-5


-2.5


0


2.5


5


10


t/s


0


2.5


5


7.5


12.5


15


17.5


20


default


NREC=off


lower limit






L/dB[Pa]

-7.5

-5

-2.5

0

2.5

5

10

t/s 0 2.5 5 7.5 12.5 15 17.5 20

default

NREC=off

lower limit


image24.png
NB-SND (analogue)

100 200 500 1000 2000
f/[Hz]

DUT1-3G-NB-AC
DUT2-3G-NB-AC
DUT3-3G-NB-A
DUT4-3G-NB-AC
DUT5-3G-NB-AC
DUT7-3G-NB-A
DUT8-3G-NB-AC
DUT8-3G-NB-ADC
DUT8-3G-NB-A
DUT9-3G-NB-AC
DUT9-3G-NB-A




image25.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           


image26.png
NB-SND (digital)

DUT1-3G-NB-BT
DUT2-3G-NB-BT
DUT3-3G-NB-BT
DUT3-3G-NB-USB
DUT4-3G-NB-BT
DUT4-3G-NB-USB
DUT5-3G-NB-BT
DUT7-3G-NB-BT
DUT8-3G-NB-BT
DUT8-3G-NB-USB
DUT9-3G-NB-BT




image27.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            


image28.png
WB-SND (analogue)

100 200 500 1000 2000 5000
f/[Hz]

DUT1-3G-WB-AC
DUT2-3G-WB-AC
DUT3-3G-WB-A
DUT4-3G-WB-AC
DUT5-3G-WB-AC
DUT6-3G-WB-ADC
DUT7-3G-WB-A
DUT8-3G-WB-AC
DUT8-3G-WB-ADC
DUT8-3G-WB-A
DUT9-3G-WB-AC
DUT9-3G-WB-A




image29.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   


image30.png
WB-SND (digital)

_15 I T 1 T T
100 200 500 1000 2000 5000

f/[Hz]

DUT1-3G-WB-BT
DUT2-3G-WB-BT
DUT3-3G-WB-USB
DUT4-3G-WB-BT
DUT4-3G-WB-USB
DUT5-3G-WB-BT
DUT7-3G-WB-BT
DUT8-3G-WB-BT
DUT8-3G-WB-USB
DUT9-3G-WB-BT




image31.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         


image32.png
L/ [dB]

SWB-SND

1000 2000 5000 10000

f/ [Hz]

100 200 500

wesss DUT10-VOLTE-SWB-USB
DUT2-VoLTE-SWB-AC

wew DUT2-VOLTE-SWB-BT
DUT3-VolLTE-SWB-A

wesss DUT3-VOLTE-SWB-BT
DUT3-VoLTE-SWB-USB




image33.svg
                                                                                                                                                                                                                                                                                                                                                                                                                     


image34.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          


image35.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 


image36.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    


image37.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             


image38.png
SWB-RCV

messs DUT10-VOLTE-SWB-USB
DUT2-VoLTE-SWB-AC

wew DUT2-VOLTE-SWB-BT
DUT3-VoLTE-SWB-A

messs DUT3-VOLTE-SWB-BT
DUT3-VoLTE-SWB-USB

1000 2000 5000 10000
f/[Hz]




image39.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  


image1.png
NB-SND (analogue)

DUT1-3G-NB-AC
DUT2-3G-NB-AC
DUT3-3G-NB-A
DUT4-3G-NB-AC
DUT5-3G-NB-AC
DUT7-3G-NB-A
DUT8-3G-NB-AC
DUT8-3G-NB-ADC
DUT8-3G-NB-A
DUT9-3G-NB-AC
DUT9-3G-NB-A




image2.svg
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           


