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1. [bookmark: _GoBack]Introduction
In the current dCR to TS 26.131 on HInT [1,2], frequency masks for the electrical interface are left undefined; examples from ITU-T P.381 [3] are provided for information as Editor’s Notes.
In the present contribution, we present some initial measurements for HInT and make initial proposals on NB, WB and SWB frequency masks in sending and receiving.

2. Initial measurements of DUTs (frequency masks only)
We used a test setup similar to [4]. ACQUA was used instead of LabCore. Relevant equipments/software in the setup are listed below:
· MFE VI, firmware 2.4
· MFE VIII, firmware1.14.2158
· HIB-I, firmware 1.2
· ACQUA 4.0.200
· CMW500 part No. 1201.0002K50 
Calls were established in VoLTE. Measurements were done based on a test database and framework kindly provided by HEAD acoustics, implementing the current dCR to TS 26.132 on HInT.
We present only a subset of test results related to the measurement of frequency responses in NB, WB and SWB for three DUTs, denoted DUT A, B and C. All DUTs were measured using the analog electrical interface. To keep this contribution concise, we do not present all combinations of frequency responses (bandwidths x DUTs). We present all SWB responses for all DUTs and all bandwidths for one DUT (DUT A).

2.1.  Frequency responses of DUTs in SWB
Figure 1 shows the measured SWB send/receiving frequency responses for all three DUTs (A, B, and C) in the electrical interface mode. The mask shown in Fig. 1 (a) and (b) is taken from ITU-T P.381 (SWB) for sending and receiving, respectively. 
In sending, DUTs A and B have a similar response above 500 Hz, however DUT A attenuates lower frequencies below 300 Hz. The response of DUT C has more variation but follows approximately the response of DUT A.
In receiving, the responses of DUTs B and C are quite flat (in the range 200 to 10 kHz). In comparison, DUT A has more attenuation  in low and high frequencies.
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	(a) Sending
	(b) Receiving


Figure 1: Frequency responses in SWB for three DUTs.

2.2. Frequency responses in NB, WB, SWB (DUT A)
Figure 2 shows the measured NB, WB and SWB send/receiving frequency responses for DUT A in the electrical interface mode. The mask shown in Fig. 2 (a) and (b) is the same as  as in Fig. 1 (a) and (b), i.e. taken from ITU-T P.381 (SWB). Note frequencies responses were adjusted in level to match approximately in the mid frequency range, to help comparisons.
In sending, NB and WB responses are close in the 300 – 2000 Hz region, however the low frequencies are relatively amplified in WB. 
In receiving, the SWB response is close to the NB response and the WB response is relatively amplified also in low frequencies.
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	(a) Sending
	(b) Receiving


Figure 2: Frequency responses in NB, WB, and SWB for DUT A.

2.3. Discussion
In drive tests with clean channel conditions, where two models of the same DUT are used in the electrical interface mode to make end to end measurements (incl. sending and receiving), it was found that DUT A has a significantly better objective quality (evaluated by POLQA) in WB than in SWB. This may be explained by that fact that the WB response of DUT A has a better balance between low and high frequencies and lower frequencies are far less attenuated in WB than in SWB.
Based on the results reported here and extensive experience from drive tests, it is felt important to ensure that SWB performance is not degraded compared to WB. Based on Figure 1, this suggests that the SWB response in the electrical interface mode should have too much roll off in low frequencies. This would ensure a more consistent objective quality score (POLQA) and this would justify to specify a SWB mask with a lower limit down to 100 Hz and not 200 Hz.

3. Proposed frequency masks
Based on initial HInT measurements reported in this contribution, we propose an initial proposal of frequency masks for HInT as specified in Annex.
The proposals are essentially derived from ITU-T P.381 masks, with the following modifications:
· The upper limit in NB and WB sending is kept flat in sending
· The lower limit is extended to 100 Hz instead of 200 Hz for SWB sending and receiving, to ensure a sufficiently flat response overall, thus minimizing the possibility that WB may be better in end to end quality tests. Note that the SWB mask in sending is shifted by 2 dB to better show the EVS frequency response (compared to the ITU-T P.381 reference in [3]).
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Annex: Proposed (draft) requirements for HInT

[5.4.7	Electrical interface UE sending 
The sensitivity/frequency characteristics shall be as follows:
The sending sensitivity frequency response measured at the electrical reference point shall be within a mask, which can be drawn between the points given in table 6a. The mask is drawn with straight lines between the breaking points in table 6a on a logarithmic (frequency) - linear (dB sensitivity) scale.
NOTE:	A tilt above 1 kHz is to compensate for the mouth to microphone acoustic path when the microphone is assumed to be hanging on a headset on the side of the head
Table 6a: Electrical interface sending sensitivity/frequency mask
	Frequency (Hz)
	Upper limit
	Lower limit

	100
	3
	

	200
	3
	

	300
	3
	-3

	1 000
	5
	-3

	3 100
	
	3

	3 400
	12
	-5

	4 000
	12
	

	NOTE:	All sensitivity values are expressed in dB on an arbitrary scale.
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Figure 6a: Electrical interface sending sensitivity/frequency mask
Compliance shall be checked by the relevant test described in TS 26.132.]
[5.4.8	Electrical interface UE receiving
The sensitivity/frequency characteristics shall be as follows:
The receiving sensitivity frequency response measured at the output of the electrical interface UE shall be within a mask, which can be drawn with straight lines between the breaking points in table 6b on a logarithmic (frequency) - linear (dB sensitivity) scale.
Table 6b: Electrical interface receiving sensitivity/frequency mask 
	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
	

	NOTE:	All sensitivity values are expressed in dB on an arbitrary scale.
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Figure 6b: Handset and headset receiving sensitivity/frequency mask
Compliance shall be checked by the relevant test described in TS 26.132.]


[6.4.7	Electrical interface UE sending
The sensitivity/frequency characteristics shall be as follows:
The sending sensitivity frequency response measured at the electrical reference point shall be within a mask, which can be drawn between the points given in table 14a1. The mask is drawn with straight lines between the breaking points in table 14a1 on a logarithmic (frequency) - linear (dB sensitivity) scale.
NOTE:	A tilt above 1 kHz is to compensate for the mouth to microphone acoustic path when the microphone is assumed to be hanging on a headset on the side of the head.
Table 14a1: Electrical interface sending sensitivity/frequency mask
	Frequency (Hz)
	Upper limit
	Lower limit

	100
	3
	

	200
	3
	-3

	1 000
	3
	-3

	3 000
	10
	2

	5 000
	12
	2

	6 300
	12
	0

	8 000
	12
	

	NOTE:	All sensitivity values are expressed in dB on an arbitrary scale.
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Figure 14a1: Electrical interface sending sensitivity/frequency mask
Compliance shall be checked by the relevant test described in TS 26.132.]
[6.4.8	Electrical interface UE receiving
The sensitivity/frequency characteristics shall be as follows:
The receiving sensitivity frequency response measured at the output of the electrical interface UE shall be within a mask, which can be drawn with straight lines between the breaking points in table 14a2 on a logarithmic (frequency) - linear (dB sensitivity) scale.
Table 14a2: Electrical interface receiving sensitivity/frequency mask 
	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
	

	NOTE:	All sensitivity values are expressed in dB on an arbitrary scale.
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Figure 14b2: Handset and headset receiving sensitivity/frequency mask

Compliance shall be checked by the relevant test described in TS 26.132.]


[7.4.7	Electrical interface UE sending 
The sensitivity/frequency characteristics shall be as follows:
The sending sensitivity frequency response measured at the electrical reference point shall be within a mask, which can be drawn between the points given in table 30a1.
The masks are drawn with straight lines between the breaking points in the tables on a logarithmic (frequency) - linear (dB sensitivity) scale.
Table 30a1: Handset and headset sending sensitivity/frequency requirement mask
	Frequency (Hz)
	Upper limit
	Lower limit

	100
	3
	-3

	1000
	3
	-3

	3000
	8
	0

	5000
	10
	0

	8000
	10
	0

	12500
	10
	-1

	16000
	10
	

	NOTE:	All sensitivity values are expressed in dB on an arbitrary scale.



[image: ]Figure 16a: Electrical interface sending sensitivity/frequency masks. The frequency response of the EVS codec operating as specified in TS 26.132 (super-wideband 24,4kbit/s, using the specified P.501 speech test signal), is plotted for reference, normalized to 0dB at 1kHz.

A UE operating in super-wideband mode shall pass the super-wideband requirements (i.e. when measured according to in 1/3rd octaves) as specified in Table 30a1, and shall also pass the wideband sensitivity/frequency characteristics requirements in the wideband range using the wideband measurement (i.e. measured in 1/12th octaves) as specified in Table 14a1.
Compliance shall be checked by the relevant test described in TS 26.132.]
[7.4.8	Electrical interface UE receiving
The sensitivity/frequency characteristics shall be as follows:
The receiving sensitivity frequency response measured at the electrical reference point shall be within a mask, which can be drawn with straight lines between the breaking points in table 21a2 on a logarithmic (frequency) - linear (dB sensitivity) scale.
Table 30a2: Handset receiving sensitivity/frequency requirement mask
	Frequency (Hz)
	Upper limit
	Lower limit

	100
	2
	-5.5

	200
	2
	-2

	1000
	2
	-2

	3000
	2
	-2

	5000
	2
	-2

	8000
	2
	-3

	12500
	2
	-6

	16000
	2
	

	NOTE:	All sensitivity values are expressed in dB on an arbitrary scale.
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Figure 16b: Electrical interface sensitivity/frequency masks. The frequency response of the EVS codec operating as specified in TS 26.132 (super-wideband 24,4kbit/s, using the specified P.501 speech test signal), is plotted for reference, normalized to 0dB at 1kHz.
A UE operating in super-wideband mode shall pass the super-wideband requirements (i.e. when measured according to in 1/3rd octaves) as specified in Table 30a2, and shall also pass the wideband sensitivity/frequency characteristics requirements in the wideband range using the wideband measurement (i.e. measured in 1/12th octaves) as specified in Table 14a2.
Compliance shall be checked by the relevant test described in TS 26.132.]
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