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[bookmark: _Toc19265755][bookmark: _Toc92883247][bookmark: _Toc92883647][bookmark: _Toc99015370][bookmark: _Toc19265759][bookmark: _Toc92883251][bookmark: _Toc92883651][bookmark: _Toc99015374]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TS 26.131: "Terminal Acoustic Characteristics for Telephony; Requirements".
[…]
[57]	Bluetooth SIG: "Hands-free Profile: Bluetooth® Profile Specification", v1.8, April 2020.
[bookmark: _Hlk118391394][58]	ITU-T Recommendation P.1100: "Narrowband hands-free communication in motor vehicles".
[59]	ITU-T Recommendation P.1110: "Wideband hands-free communication in motor vehicles".
[60]	ITU-T Recommendation P.1120: "Super-wideband and fullband stereo hands-free communication in motor vehicles".



4	Interface Definitions
[bookmark: _Toc92883252][bookmark: _Toc92883652][bookmark: _Toc99015375]4.1	General
The interfaces required to define terminal electro-acoustic characteristics are the acoustical interfaces, the air interface and the point of interconnect (POI), see Figure 1.
MTSI speech aspects are specified by TS 26.114 [39].
4.2	Air interfaces
The Air Interfaces for GSM, 3G, LTE and NR are specified by GSM 05, 3GPP 45, 3GPP 25, 3GPP 36 and 3GPP 38 series specifications, and the Air Interface for WLAN access to EPC is specified by WLAN access to EPC as defined in 3GPP TS 23.402 [48] and TS 24.302 [49].
Measurements can be made using a system simulator (SS) comprising the appropriate radio terminal equipment and speech transcoder. The delays, losses and gains introduced by the test equipment shall be accounted for.
The  with the public switched telephone network (PSTN) is considered to have a relative level of 0 dBr.

4.3	Acoustical interfaces
The  with the public switched telephone network (PSTN) is considered to have a relative level of 0 dBr.
Five classes of acoustical interface are considered in this specification:
-	Handset UE including softphone UE used as a handset;
-	Headset UE including softphone UE used with headset;
-	Vehicle Mounted Hands-free UE including softphone UE mounted in a vehicle;
-	Desktop-mounted hands-free UE including softphone UE with external loudspeaker(s) used in hands-free mode;
-	Hand-held hands-free UE including softphone UE with internal loudspeaker(s) used in hands-free mode.
(See definition of softphone in Clause 3.1)
NOTE:	The test setup for a softphone UE shall be derived according to the following rules:	Comment by Reimes, Jan: This is not a note … too many "shalls"?
-	When using a softphone UE as a handset: the test setup shall correspond to handset mode.
-	When using a softphone UE with headset: the test setup shall correspond to headset mode.
-	When a softphone UE is mounted in a vehicle: the test setup shall correspond to vehicle-mounted hands-free mode.
-	When using a softphone UE in hands-free mode:
-	When using internal loudspeaker(s), the test setup shall correspond to hand-held hands-free.
-	When using external loudspeaker(s), the test setup shall correspond to desktop-mounted hands-free.
NOTE:	In general, Vehicle Mounted Hands-free UE is considered as a valid UE type but is rarely used anymore. For this reason, corresponding test setups and methods are out of scope in the present document. In case performance evaluations are planned for Vehicle Mounted Hands-free UE, test setup and methods specified in Recommendation ITU-T P.1100 [58] (for NB), P.1110 [59] (for WB) or P.1120 [60] (for SWB and FB) can be used instead.



[bookmark: _Toc19265764][bookmark: _Toc92883258][bookmark: _Toc92883658][bookmark: _Toc99015381]5.1.3	Setup for hands-free terminals
[bookmark: _Toc19265765][bookmark: _Toc92883259][bookmark: _Toc92883659][bookmark: _Toc99015382]5.1.3.1	VoidVehicle-mounted hands-free
If not stated otherwise, the artificial head (HATS – head and torso simulator, according to ITU‑T Recommendation P.58 [15]) is positioned in the driver's seat for the measurement as shown in figure 3a. The position has to be in line with the average users’ position; therefore, all positions and sizes of users have to be taken into account. Typically, all except the tallest 5% and the shortest 5% of the driving population have to be considered. The size of these persons can be derived, e.g., from the 'anthropometric data set' for the corresponding year (e.g., based on data used by car manufacturers). The position of the HATS (mouth/ears) within the positioning arrangement is given individually by each car manufacturer. The position used has to be reported in detail in the test report. If no requirements for positioning are given the distance from the microphone to the MRP is defined by the test lab.
By using suitable measures (e.g., marks in the car, relative position to A-pillar, B-pillar, height from the floor, etc.) an exact reproduction of the artificial head position must be possible at any later time.
NOTE –	Different positions of the artificial head may greatly influence the test results. Depending on the application, different positions of the artificial head may be chosen for the tests. It is recommended to check the worst-case position, e.g., those positions where the SNR and/or the speech quality in send may be worst.

[bookmark: _Ref494743295]Figure 2: void

Figure 3: void


Figure 3a: Test Configuration for vehicle mounted hands-free, using HATSVoid




[bookmark: _Toc19265782][bookmark: _Toc92883279][bookmark: _Toc92883679][bookmark: _Toc99015402]6	Test conditions
[bookmark: _Toc19265783][bookmark: _Toc92883280][bookmark: _Toc92883680][bookmark: _Toc99015403]6.1	Environmental conditions
[bookmark: _Toc19265784][bookmark: _Toc92883281][bookmark: _Toc92883681][bookmark: _Toc99015404]6.1.1	Handset and headset terminals
For handset and headset measurements the test room shall be practically free-field down to a lowest frequency of 275 Hz; the handset or headset, including the HATS, shall be totally within this free-field volume.
Qualification of the test room may be performed using the method and limits for deviation from ideal free-field conditions described in either ISO 3745 Annex A (Table A.2), or ITU-T P. 340 §clause 5.4 (Table 1).
Alternatively, a test room may be used which meets the following two criteria:
1.	The relationship between the pressure at the mouth opening and that at 5,0 cm, 7,5 cm and 10 cm in front of the centre of the lip ring is within ± 0.5 dB of that which exists in a known acoustic free-field.
2.	The relationship between the pressure at the mouth opening and that at the Ear canal Entrance Point (EEP) at both the left and right ears of the HATS does not differ by more than ± 1 dB from that which exists in a known free-field.
The ambient noise level shall be less than -30 dBPa(A); for idle channel noise measurements the ambient noise level shall be less than –64dBPa(A).	Comment by Reimes, Jan: This should be most likely +30 dBSPL(A)?? -30 dBPa(A) equals +64 dBSPL(A) - which is quite high for an idle noise in a measurement chamber?

Then the two sentences could be merged, since -64 dBPa == +30 dBSPL ?
Echo measurements shall be conducted in realistic rooms with an ambient noise level ≤ -64 dBPa(A).	Comment by Reimes, Jan: Does this sentence/requirement really makes sense?

- No definition of "realistic rooms"
- In contrast to hands-free, echo performance for handset/headset UE does not depend that much on room characteristics?
- there must be a separate room only for echo measurements? 
- which "echo measurements" (there are several)?
- In case the test lab doesn't have a "realistic room": Can the spec be fulfilled for a UE without the echo measurements?	Comment by Reimes, Jan: Proposal: Delete this sentence.
[bookmark: _Toc19265785][bookmark: _Toc92883282][bookmark: _Toc92883682][bookmark: _Toc99015405]6.1.2	Hands-free terminals
Hands-free terminals should generally be tested in their typical environment of application. 	Comment by Reimes, Jan: What are "appropriate requirements" w.r.t. environmental conditions? 	Comment by Reimes, Jan: Proposal: refer to a more specific clause in P.340, i.e., same as for handset mode
For desktop and handheld hands-free terminals, the appropriate requirements shall be taken fromdescribed in clause 5.4 of ITU-T Recommendation P.340 shall be met.
Care must be taken tha noise levels are sufficiently low in order not to interfere with the measurements. 
The broadband noise level shall not exceed –70 dBPa(A). The octave band noise level shall not exceed the values specified in Table 2.
Table 2: ITU-T P.340 Noise levels
	Center frequency
(Hz)
	Octave band pressure level
(dBPa)

	63
	–45

	125
	–60

	250
	–65

	500
	–65

	1 000
	–65

	2 000
	–65

	4 000
	–65

	8 000
	–65



Echo measurements shall be conducted in realistic rooms with an ambient noise level ≤ -70 dBPa(A).	Comment by Reimes, Jan: Same comments as above, plus:

- Even though the room has a bigger impact here on AEC than for handset/headset, all other measurements are not conducted in a "typical room"?

- In clause 5.1.3, ETSI TS 103 738/740 are referenced regarding the test setup. These specifications explicitly refer to "anechoic or acoustically treated rooms". This is a contradiction to this "requirement"…?
NOTE:	Hands-free terminals should generally be tested in their typical environment of application. It is recommended to repeat the measurement in a room with acoustic properties where the UE is intended to be used, e.g., in an office-like room with increased reverberation time. In this case, the ambient noise level should also be ≤ 70 dBPa(A).	Comment by Reimes, Jan: Proposal: new note on "realistic/office-like" rooms



[bookmark: _Toc19265795][bookmark: _Toc92883292][bookmark: _Toc92883692][bookmark: _Toc99015415]7.2.3	Connections with desktop and vehicle-mounted hands-free UE
Vehicle-mounted hands-free UE should be tested within the vehicle (for totally integrated vehicle hands-free systems) or in a vehicle simulator, as described in 3GPP TS 03.58 [11].
Free-field measurements for vehicle-mounted hands-free are for further study.
[bookmark: _Toc19265796][bookmark: _Toc92883293][bookmark: _Toc92883693][bookmark: _Toc99015416]7.2.3.1	Sending loudness rating (SLR)
[…]
[bookmark: _Toc19265797][bookmark: _Toc92883294][bookmark: _Toc92883694][bookmark: _Toc99015417]7.2.3.2	Receiving Loudness Rating (RLR)
[…]

[bookmark: _Toc19265808][bookmark: _Toc92883311][bookmark: _Toc92883711][bookmark: _Toc99015434]7.4.3	Desktop and vehicle-mounted hands-free UE sending
a)	The test signal to be used for the measurements shall be the British-English single talk sequence described in ITU-T Recommendation P.501 [22]. The spectrum of the acoustic signal produced by the artificial mouth is calibrated under free-field conditions at the MRP. The test signal level shall be -4,7 dBPa measured at the MRP. The test signal level is calculated over the complete test signal sequence. The broadband signal level is then adjusted to -28,7 dBPa at the HFRP or the HATS HFRP (as defined in ITU-T Recommendation P.581) and the spectrum is not altered.
The spectrum at the MRP and the actual level at the MRP (measured in 1/3-octaves) are used as references to determine the sending sensitivity SmJ.
b)	The hands-free terminal is setup as described in clause 5. Measurements shall be made at 1/3-octave intervals as given by the R.40 series of preferred numbers in ISO 3 for frequencies from 100 Hz to 4 kHz inclusive. For the calculation, the averaged measured level at each frequency band is referred to the averaged test signal level measured in each frequency band.
c)	The sensitivity is expressed in terms of dBV/Pa.
[bookmark: _Toc19265809][bookmark: _Toc92883312][bookmark: _Toc92883712][bookmark: _Toc99015435]7.4.4	Desktop and vehicle-mounted hands-free UE receiving
a)	The test signal to be used for the measurements shall be the British-English single talk sequence described in ITU-T Recommendation P.501 [22]. The test signal level shall be -16 dBm0 measured at the digital reference point or the equivalent analogue point. The test signal level is calculated over the complete test signal sequence.
b)	The hands-free terminal is setup as described in clause 5. If a HATS is used, then it is free-field equalized as described in ITU-T Recommendation P.581. The equalized output signal of each artificial ear is power-averaged over the total duration of the analysis; the right and left artificial ear signals are voltage-summed for each 1/3-octave frequency band; these 1/3-octave band data are considered as the input signal to be used for calculations or measurements. Measurements shall be made at 1/3-octave intervals as given by the R.40 series of preferred numbers in ISO 3 for frequencies from 100 Hz to 4 kHz inclusive. For the calculation the averaged measured level at each frequency band is referred to the averaged test signal level measured in each frequency band.
c)	The sensitivity is expressed in terms of dBPa/V.


[bookmark: _Toc19265820][bookmark: _Toc92883327][bookmark: _Toc92883727][bookmark: _Toc99015450]7.7	Acoustic echo control
[bookmark: _Toc19265821][bookmark: _Toc92883328][bookmark: _Toc92883728][bookmark: _Toc99015451]7.7.1	General
[…]
[bookmark: _Toc19265822][bookmark: _Toc92883329][bookmark: _Toc92883729][bookmark: _Toc99015452]7.7.2	Acoustic echo control in a hands-free UE
The hands-free UE is set up according to clause 5.in a room with acoustic properties similar to a typical "office-type" room; a vehicle-mounted hands-free UE should be tested in a vehicle or vehicle simulator, as specified by the UE manufacturer (see also 3GPP TS 03.58 [11]). The  ambient noise level ≤ 70 dBPa(A).
The TCLw is measured and calculated according to clause 7.7.1.

[bookmark: _Toc19265823][bookmark: _Toc92883330][bookmark: _Toc92883730][bookmark: _Toc99015453]7.7.3	Acoustic echo control in a handset UE
The handset UE is set up according to clause 5. The ambient noise level shall be ≤ ‑64 dBPa(A).

The TCLw is measured and calculated according to clause 7.7.1.

[bookmark: _Toc19265824][bookmark: _Toc92883331][bookmark: _Toc92883731][bookmark: _Toc99015454]7.7.4	Acoustic echo control in a headset UE
The headset UE is set up according to clause 5. The ambient noise level shall be ≤ ‑64 dBPa(A). The TCLw is calculated according to clause 7.7.1
The TCLw is calculated according to clause 7.7.1.
[bookmark: _Toc92883332][bookmark: _Toc92883732][bookmark: _Toc99015455]7.7.5	Acoustic echo control in an electrical interface UE
The electrical interface UE is setup according to clause 5.1.6. In order to simulate an acoustic echo, the electrical reference interface shall introduce an echo loss of 30 dB.
The TCLw is measured and calculated according to clause 7.7.1.


[bookmark: _Toc19265864][bookmark: _Toc92883376][bookmark: _Toc92883776][bookmark: _Toc99015499]8.2.3	Connections with desktop and vehicle-mounted hands-free UE
Vehicle-mounted hands-free UE should be tested within the vehicle (for the totally integrated vehicle hands-free systems) or in a vehicle simulator, as described in 3GPP TS 03.58 [11].
Free-field measurements for vehicle-mounted hands-free are for further study.
8.2.3.1	Sending loudness rating (SLR)
[…]
8.2.3.2	Receiving Loudness Rating (RLR)
[…]


[bookmark: _Toc19265877][bookmark: _Toc92883395][bookmark: _Toc92883795][bookmark: _Toc99015518]8.4.3	Desktop and vehicle-mounted hands-free UE sending
a)	The test signal to be used for the measurements shall be the British-English single talk sequence described in ITU-T Recommendation P.501 [22]. The spectrum of the acoustic signal produced by the artificial mouth is calibrated under free-field conditions at the MRP. The test signal level shall be –4,7 dBPa measured at the MRP. The test signal level is calculated over the complete test signal sequence. The broadband signal level is then adjusted to –28,7 dBPa at the HFRP or the HATS HFRP (as defined in ITU-T Recommendation P.581) and the spectrum is not altered.
The spectrum at the MRP and the actual level at the MRP (measured in 1/3-octaves) are used as references to determine the sending sensitivity SmJ.
b)	The hands-free terminal is setup as described in clause 5. Measurements shall be made at 1/3-octave intervals as given by the R.40 series of preferred numbers in ISO 3 for frequencies from 100 Hz to 8 kHz inclusive. For the calculation the averaged measured level at each frequency band is referred to the averaged test signal level measured in each frequency band.
c)	The sensitivity is expressed in terms of dBV/Pa.
[bookmark: _Toc19265878][bookmark: _Toc92883396][bookmark: _Toc92883796][bookmark: _Toc99015519]8.4.4	Desktop and vehicle-mounted hands-free UE receiving
a)	The test signal to be used for the measurements shall be the British-English single talk sequence described in ITU-T Recommendation P.501 [22]. The test signal level shall be ‑16 dBm0 measured at the digital reference point or the equivalent analogue point. The test signal level is calculated over the complete test signal sequence.
b)	The hands-free terminal is setup as described in clause 5. If a HATS is used, then it is free-field equalized as described in ITU-T Recommendation P.581. The equalized output signal of each artificial ear is power-averaged over the total duration of the analysis; the right and left artificial ear signals are voltage-summed for each 1/3-octave frequency band; these 1/3-octave band data are considered as the input signal to be used for calculations or measurements. Measurements shall be made at 1/3-octave intervals as given by the R.40 series of preferred numbers in ISO 3 for frequencies from 100 Hz to 8 kHz inclusive. For the calculation, the averaged measured level at each frequency band is referred to the averaged test signal level measured in each frequency band.
c)	The sensitivity is expressed in terms of dBPa/V.


[bookmark: _Toc19265887][bookmark: _Toc92883408][bookmark: _Toc92883808][bookmark: _Toc99015531]8.7	Acoustic echo control
[bookmark: _Toc19265888][bookmark: _Toc92883409][bookmark: _Toc92883809][bookmark: _Toc99015532]8.7.1	General
[…
[bookmark: _Toc19265889][bookmark: _Toc92883410][bookmark: _Toc92883810][bookmark: _Toc99015533]8.7.2	Acoustic echo control in a hands-free UE
The hands-free UE is set up according to clause 5. in a room with acoustic properties similar to a typical "office-type" room; a vehicle-mounted hands-free UE should be tested in a vehicle or vehicle simulator, as specified by the UE manufacturer (see also 3GPP TS 03.58 [11]). The ambient noise level shall be ≤ -70 dBPa(A).
The TCL is measured and calculated according to clause 8.7.1.

[bookmark: _Toc19265890][bookmark: _Toc92883411][bookmark: _Toc92883811][bookmark: _Toc99015534]8.7.3	Acoustic echo control in a handset UE
[…]
[bookmark: _Toc19265891][bookmark: _Toc92883412][bookmark: _Toc92883812][bookmark: _Toc99015535]8.7.4	Acoustic echo control in a headset UE
[…]
[bookmark: _Toc92883413][bookmark: _Toc92883813][bookmark: _Toc99015536]8.7.5	Acoustic echo control in an electrical interface UE
[…]


[bookmark: _Toc19265931][bookmark: _Toc92883457][bookmark: _Toc92883857][bookmark: _Toc99015580]9.2.3	Connections with desktop and vehicle-mounted hands-free UE
The description is the same as for wideband (see sub-clause 8.2.3).


[bookmark: _Toc19265949][bookmark: _Toc92883480][bookmark: _Toc92883880][bookmark: _Toc99015603]9.4.3	Desktop and vehicle-mounted hands-free UE sending
a)	The test signal to be used for the measurements shall be the British-English single talk sequence described in ITU-T Recommendation P.501 [22]. The spectrum of the acoustic signal produced by the artificial mouth is calibrated under free-field conditions at the MRP. The test signal level shall be –4,7 dBPa measured at the MRP. The test signal level is calculated over the complete test signal sequence. The broadband signal level is then adjusted to –28,7 dBPa at the HFRP or the HATS HFRP (as defined in ITU-T Recommendation P.581) and the spectrum is not altered.
The spectrum at the MRP and the actual level at the MRP (measured in 1/3-octaves) are used as references to determine the sending sensitivity SmJ.
b)	The hands-free terminal is setup as described in clause 5. Measurements shall be made at 1/3-octave intervals as given by the R.10 series of preferred numbers in ISO 3 for frequencies from 100 Hz to 16 kHz inclusive. For the calculation the averaged measured level at each frequency band is referred to the averaged test signal level measured in each frequency band.
c)	The sensitivity is expressed in terms of dBV/Pa.
[bookmark: _Toc19265950][bookmark: _Toc92883481][bookmark: _Toc92883881][bookmark: _Toc99015604]9.4.4	Desktop and vehicle-mounted hands-free UE receiving
a)	The test signal to be used for the measurements shall be the British-English single talk sequence described in ITU-T Recommendation P.501 [22]. The test signal level shall be ‑16 dBm0 measured at the digital reference point or the equivalent analogue point. The test signal level is calculated over the complete test signal sequence.
b)	The hands-free terminal is setup as described in clause 5. If a HATS is used, then it is free-field equalized as described in ITU-T Recommendation P.581. The equalized output signal of each artificial ear is power-averaged over the total duration of the analysis; the right and left artificial ear signals are voltage-summed for each 1/3-octave frequency band; these 1/3-octave band data are considered as the input signal to be used for calculations or measurements. Measurements shall be made at 1/3-octave intervals as given by the R.10 series of preferred numbers in ISO 3 for frequencies from 100 Hz to 16 kHz inclusive. For the calculation, the averaged measured level at each frequency band is referred to the averaged test signal level measured in each frequency band.
c)	The sensitivity is expressed in terms of dBPa/V.


[bookmark: _Toc19265959][bookmark: _Toc92883493][bookmark: _Toc92883893][bookmark: _Toc99015616]9.7	Acoustic echo control
[bookmark: _Toc19265960][bookmark: _Toc92883494][bookmark: _Toc92883894][bookmark: _Toc99015617]9.7.1	General
[…]
[bookmark: _Toc19265961][bookmark: _Toc92883495][bookmark: _Toc92883895][bookmark: _Toc99015618]9.7.2	Acoustic echo control in a hands-free UE
The hands-free UE is set up according to clause 5in a room with acoustic properties similar to a typical "office-type" room; a vehicle-mounted hands-free UE should be tested in a vehicle or vehicle simulator, as specified by the UE manufacturer (see also 3GPP TS 03.58 [11]). The ambient noise level shall be ≤ -70 dBPa(A). 
The TCL is measured and calculated according to clause 9.7.1.

[bookmark: _Toc19265962][bookmark: _Toc92883496][bookmark: _Toc92883896][bookmark: _Toc99015619]9.7.3	Acoustic echo control in a handset UE
[…]
[bookmark: _Toc19265963][bookmark: _Toc92883497][bookmark: _Toc92883897][bookmark: _Toc99015620]9.7.4	Acoustic echo control in a headset UE
The headset is set up according to clause 5. The ambient noise level shall be ≤ -64 dBPa(A). The TCL is measured and calculated according to clause 9.7.1.
[bookmark: _Toc92883498][bookmark: _Toc92883898][bookmark: _Toc99015621]9.7.5	Acoustic echo control in a electrical interface UE
[…]



[bookmark: _Toc19266003][bookmark: _Toc92883542][bookmark: _Toc92883942][bookmark: _Toc99015665]10.2.3	Connections with desktop and vehicle-mounted hands-free UE
The description is the same as for super-wideband (see sub-clause 9.2.3).


[bookmark: _Toc19266017][bookmark: _Toc92883561][bookmark: _Toc92883961][bookmark: _Toc99015684]10.4.3	Desktop and vehicle-mounted hands-free UE sending
The test method is the same as for super-wideband (see sub-clause 9.4.3).
[bookmark: _Toc19266018][bookmark: _Toc92883562][bookmark: _Toc92883962][bookmark: _Toc99015685]10.4.4	Desktop and vehicle-mounted hands-free UE receiving
The test method is the same as for super-wideband (see sub-clause 9.4.4, observing the signal properties for fullband described in sub-clause 5.4).
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